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I introduce a general equilibrium model with active investors and indexers.

Indexing causes market segmentation, and the degree of segmentation is a function of the relative wealth of indexers in the economy. Shocks to this relative wealth induce correlated shocks to discount rates of index stocks. The wealthier indexers are, the greater the resulting comovement is. I confirm empirically that S&P 500 stocks comove more with other index stocks and less with non-index stocks, and that changes in passive holdings of S&P 500 stocks predict changes in comovement of index stocks.

Introduction

The share of index-linked investments increased dramatically over the past 20 years, in part due to the introduction of liquid, low-fee passive exchange-traded funds (ETFs).

The share of ETFs and index funds grew from under 4% of all US equity mutual funds in 1993 to 42% in 2016. 1 Passive investments in the S&P 500 led the trend; by 1990 around 10% of the market cap of the index was held by indexers.

In their seminal study of stock return comovement, [START_REF] Barberis | Comovement[END_REF] show that the impact of joining the S&P 500 on comovement is stronger in the latter half of their sample. It is natural to think the rise of indexing could have caused this increase in comovement of index stocks. I investigate this hypothesis and show, in a theoretical framework and empirically, that increases in the level of indexing cause index stocks to comove more with other index stocks and less with non-index stocks.

Understanding comovement is central to the way we think about risk in finance.

The most common way to adjust returns for risk in the academic literature is to obtain excess returns after controlling for comovement with the Fama-French risk factors. As [START_REF] Cremers | Should Benchmark Indices Have Alpha? Revisiting Performance Evaluation[END_REF] show, these factors are highly correlated with returns of popular indices. This alignment of common risk factors with popular indices, 1 Source: 2017 Investment Company Institute Fact Book. http://www.icifactbook.org/. For the full investment landscape including pension funds, public/private funds, endowments, and hedge funds, data from [START_REF] French | Presidential address: The cost of active investing[END_REF] suggests that in 2006 at least 10% of all investments in US equities were passive. This is a lower bound since no data was available on passive investments by foreign investors and foreign holdings who held about 40% of US equities in 2006. [START_REF] Bhattacharya | The global rise of the value-weighted portfolio[END_REF] use the cross-sectional variance of turnover as a proxy for value-weighted investing and find that between 1995 and 2007 value weighting increased in popularity in 35 of the 46 countries under study.

1 combined with an increase in index-linked comovement, could cause index membership to emerge as a new risk factor. I aim to shed some light on how we should think about this new risk factor going forward by explaining how index-linked comovement arises.

I first present an asset-pricing model of indexing in which comovement arises endogenously. The continuous-time economy is populated by two rational agents, an active investor and an indexer, who must allocate their wealth between a riskless bond and three risky stocks. Two of the stocks form a value-weighted index, and the indexer is constrained to invest only in the bond and those two stocks, according to index weights. The third stock is only available to the active investor, so in equilibrium, she holds the full supply. Having three stocks allows me to study the comovement of one index stock with the other index stock and with the non-index stock. I obtain closed-form approximations for equilibrium prices and moments of stock returns. In the model, index stocks comove more with other index stocks than with non-index stocks and this effect is stronger the larger the relative wealth of the indexer is. This difference in comovement is due to discount rate shocks resulting from changes in the relative wealth of indexers. When their wealth increases, expected returns decrease for index stocks while they increase for non-index stocks.

There are three sources of comovement in the model. First, the fundamental dividend streams may be correlated. Second, as in [START_REF] Cochrane | Two Trees[END_REF] and [START_REF] Martin | The Lucas Orchard[END_REF], when one dividend stream gets a positive shock it becomes larger relative to the other assets (its dividend share increases). To remain diversified investors demand more of the other assets, generating correlated price returns. These two sources of comovement are present in frameworks with unconstrained agents and affect index stocks and non-index stocks alike. The third source of comovement, which I call excess comovement, is due to the indexing constraint. Since the two agents hold different portfolios, a dividend shock to any asset changes their relative wealth. This induces them to change their demand for risky stocks, which affects the price of risk.

The indexer has demand only for index stocks, so the resulting discount rate shocks for the two index stocks are positively related while they are negatively related to the discount rate shocks for the non-index stock. Furthermore, the sensitivity of the discount rate to changes in wealth is increasing in the relative wealth of the indexer which amplifies excess comovement when the indexer has more weight in the economy.

I test these model predictions regarding excess comovement using S&P 500 stocks. I use the amount invested passively in the index divided by the total value of the market as a proxy for the relative wealth of indexers. I call this measure passive ownership (PO). Comovement of S&P 500 stocks with other index stocks increases following passive ownership increases. Inversely, comovement with non-S&P 500 stocks decreases following passive ownership increases. This relationship is not present in the largest 250 stocks that are not part of the S&P 500, even though their size is comparable to the smallest 250 stocks in the index.

Related Literature

The empirical literature presents extensive evidence of excess comovement within index stocks.2 [START_REF] Barberis | Style investing[END_REF] analyze the idea of style investing (also called the category view) and posit that investors group assets into different categories based on characteristics such as size or book-to-market ratio. Investors then allocate funds at the style level rather than at the individual asset level, generating correlated flows to assets in the same style. [START_REF] Peng | Investor attention, overconfidence and category learning[END_REF], [START_REF] Veldkamp | Information markets and the comovement of asset prices[END_REF] and [START_REF] Mondria | Portfolio choice, attention allocation, and price comovement[END_REF] present models in which investors face frictions such as trading or information production costs. Under this habitat view of comovement, investors prefer to restrict their allocation to a subset of assets, or groups of assets, and the resulting endogenous style investing causes comovement. Finally, the information diffusion view proposes that comovement arises because information is not incorporated at the same speed for all assets. [START_REF] Barberis | Comovement[END_REF] investigate these different views of comovement by looking at S&P 500 additions and deletions. They find evidence consistent with all three views of comovement. Focusing on stocks that should incorporate information at a similar rate, [START_REF] Greenwood | Excess comovement of stock returns: Evidence from crosssectional variation in Nikkei 225 weights[END_REF] and [START_REF] Boyer | Style-Related Comovement: Fundamentals or Labels?[END_REF] provide strong evidence consistent with the style and habitat views of comovement. 3 While my story is based on the category view, I do not reject the other explanations. I provide evidence suggesting that pure indexers play a role in generating excess comovement in index stocks, but it is likely that other factors also contribute to this phenomenon.

Another use of indices related to comovement is benchmarking in delegated portfolio management. 4 Institutional investors have been associated with excess comovement early on. For example, [START_REF] Pindyck | The Comovement of Stock Prices[END_REF] show that excess comovement 3 Chen, Singal, and Whitelaw (2016) propose an alternative measure of comovement based on univariate regressions. I discuss this alternative measure in Section A of the Online Appendix.

4 See, e.g., [START_REF] Cuoco | Equilibrium prices in the presence of delegated portfolio management[END_REF] and [START_REF] Brennan | Agency and Institutional Investment[END_REF].

in equities is greater in stocks with high institutional ownership. More closely related to my paper, [START_REF] Basak | Asset Prices and Institutional Investors[END_REF] find predictions that are similar to mine in the presence of benchmarking: discount rates are lower for index stocks, and index stocks comove more with other index stocks than with non-index stocks. However, their mechanism relies on the utility function of institutional investors, a variant of log utility in which the risk aversion of institutional investor is time-varying and lower when the level of the index is high, which boosts both the price level of the index and of the stock market while leaving non-index stocks unaffected. [START_REF] Chabakauri | Asset pricing with index investing[END_REF] propose a model in which active investors trade with indexers who are constrained to invest in a total-market index and a bond. They show that, under the assumption that indexers are more risk-averse than active investors, indexing decreases market volatility and can even, under certain circumstances, decrease the correlation of index stock returns. By contrast, in my model, the utility function and the risk aversion of both agents are the same and constant through time.

Conceptually, setup of my model is similar to models of international asset pricing with mild segmentation in which investors in some countries are constrained to home investing while others are unconstrained.6 

An economy with indexers

The model consists of an infinite-horizon continuous-time economy with three Lucas trees and two agent types, active investors and indexers. The first two risky assets form the index, and indexers are constrained to invest only in the index and in a riskless bond. The additional risky asset allows me to derive closed-form approximations for the comovement of an index stock with other index stocks and with non-index stocks as a function of state variables, including the relative wealth of indexers in the economy.

The indexing constraint is exogenous. One might think of indexing as a self-imposed constraint motivated by the simplicity of index-linked investing, or the result of frictions exogenous to the model. For example, [START_REF] Veldkamp | Information markets and the comovement of asset prices[END_REF] presents an information-based explanation; she shows that in a Grossman-Stiglitz framework with economies of scale in information production, it is rational for some agents to only acquire information on an index rather than on individual stocks. These agents then endogenously choose to engage in index-linked investing, as they cannot distinguish between individual stocks. While similar features could be added to the model, the choice of an exogenous constraint is motivated by the desire to keep the model tractable.

Investment opportunities are represented by a locally riskless bond earning the instantaneous interest rate r and three risky stocks, representing claims to exogenously given strictly positive dividend processes D i , i = 1, 2, 3, with

dD i,t D i,t = µ D dt + σ D dZ D i,t , i ∈ {1, 2, 3}, (1) 
where Z D,i are standard Brownian motions 7 with equal pairwise correlation coefficients ρ D . Supply of each stock is normalized to one share, while the bond is in zero net supply.

There exist a value-weighted index with stocks 1 and 2 as its constituents. The third stock is a non-index stock. The aggregate dividend is defined as D M,t = 3 i=1 D i,t and the index dividend is defined as D I,t = 2 i=1 D i,t . The initial bond value is normalized to unity so that the bond price process is given by

B t = exp t 0 r s ds . ( 2 
)
The stock price processes can be defined as

dS i,t = (S i,t µ i,t -D i,t )dt + S i,t σ i,t dZ t , (3) 
where µ t is the 3-dimensional column vector with µ i,t as the ith element and σ t is the 3 × 3 matrix with σ i,t as the ith column. The instantaneous covariance matrix is Σ t = σ t σ t . Both µ t and σ t are determined endogenously in equilibrium.

7 See Section B.1 of the Online Appendix for a more formal description of the model.

Stock return processes can be defined from stock prices and dividends as

dR i,t = dS i,t + D i,t dt S i,t = µ i,t dt + σ i,t dZ t . ( 4 
)
There are two representative agents, an active investor A and an indexer I, both with time-additive log-normal utility functions:

U j,t (c) = E t ∞ 0 e -δτ log(c j,(t+τ ) )dτ , j ∈ {A, I} (5) 
for some common rate of time preference δ > 0 and individual consumption c j .

The indexer faces an exogenous constraint that limits her investment opportunity set to the bond and the index portfolio, according to index weights, which are endogenous. The active investor is unconstrained and faces a complete market.

Agents' problem

Agent j has instantaneous wealth W j,t = α j,t B t + γ j,t S t . I define π j,t a 3-dimensional vector with the i-th element equal to agent's j proportion of wealth invested in stock i at time t such that π j,t = γ j,t W j,t . For the constrained indexer I, this reduces to 

π I,t = π I I,t [ω I 1,t ω I 2,
where ξ j,t is the marginal utility of consumption of agent j at time t.

This process can be written as

dξ j,t ξ j,t = -r j,t dt -θ j,t dZ t , ( 8 
)
where r j,t is agent's j implied risk-free rate and θ j,t is her shadow price of risk.

Both agents trade in the bond, so in equilibrium they will have the same risk-free rate (i.e. r I,t = r A,t = r t .) However, their different investment opportunity sets mean they will face different market prices of risk.

Agent A is unconstrained, so her optimal portfolio proportions are given by

π A,t = Σ -1 t (µ t -r1). ( 9 
)
For agent I, using the convex duality approach of [START_REF] Cvitanić | Convex Duality in Constrained Portfolio Optimization[END_REF] to derive optimal portfolio weights 8 , π I,t coincides with the optimal portfolio in the in-8 See Section B.2 of the Online Appendix for details. This approach has been previously used in the finance literature for portfolio constraints, see for example [START_REF] Shapiro | The investor recognition hypothesis in a dynamic general equilibrium: Theory and evidence[END_REF] and [START_REF] Pavlova | The role of portfolio constraints in the international propagation of shocks[END_REF] for similar applications or Chapters 5 and 6 of [START_REF] Karatzas | Methods of Mathematical Finance[END_REF] for a textbook treatment.

complete market:

π I =          π I I ω I 1 π I I ω I 2 0          , ( 10 
)
where

π I I,t = (µ I,t -r)/σ 2 I,t .

Representative agent

The equilibrium concept used is a multi-trees extension 9 of [START_REF] Lucas | Asset prices in an exchange economy[END_REF] in which I determine the equilibrium asset prices as the shadow prices from the pricing kernel determined by the investors' marginal utility of consumption and market clearing.

Market clearing implies that they must hold all the shares in the world, with the restriction that the indexer is constrained in her investment opportunity set, therefore forcing the unconstrained agent to hold all the shares of the non-index stock.

Following [START_REF] Cuoco | Dynamic Equilibrium in Infinite-Dimensional Economies with Incomplete Financial Markets[END_REF], I can still use a social planner to derive equilibrium prices, but the weight λ t will be stochastic:

U t = E t ∞ t e -δ(s-t) (log c A,s + λ s log c I,s ) ds. ( 11 
)
Agent A is unconstrained, so her state-price density must correspond to the equilibrium state-price density: 10

ξ t = ξ A,t = κ A e -δt (ν A,t D M,t ) -1 , ( 12 
)
9 See [START_REF] Cochrane | Two Trees[END_REF] and [START_REF] Martin | The Lucas Orchard[END_REF] for multi-trees extensions of [START_REF] Lucas | Asset prices in an exchange economy[END_REF] with no investment constraints. 10 See Section B.2 of the Online Appendix for details of the derivation.

where κ A is the Lagrange multiplier on the budget constraint of the active investor.

Solving for the equilibrium state-price density in terms of endogenous stock returns moments, I obtain the following proposition:

Proposition 1 The equilibrium risk-free rate and price of risk of the representative agent are

r f = r f + ρ ν A D M σ ν A σ D M ν A , ( 13 
) θ = θ + σ ν A ν A . ( 14 
)
where Proposition 1 states that the risk-free rate is increasing in ν I (remember, ν I = 1 -ν A ) if the covariance between the relative wealth process of the active investor with the aggregate dividend is positive. While I do not prove it formally, numerical results

r f = δ + µ D M -σ 2 D M and θ = σ D M
show that, with reasonable parameters, ρ ν A D M is positive and thus the risk-free rate is increasing in ν I as the indexer is a net borrower. The proposition also states that the price of each risk factor is increasing in the sensitivity of the relative wealth process to each risk factor and in ν I . However, since the relative wealth process is endogenous to the model, it is not yet clear what the effect will be in equilibrium. The following corollary sheds some light on these results.

Corollary 1 In equilibrium, the prices of risk of individual agents have the following relationship:

θ A -θ = - ν I ν A θ I -θ . ( 15 
)
Proof See Section B.5 of the Online Appendix.

Corollary 1 illustrates where the excess comovement originates. Keeping in mind that ν I and ν A ≥ 0, it states that the individual prices of risk for the indexer and the active investor deviate from the unconstrained price of risk θ in opposite directions.

In equilibrium, the components of θ I that correspond to index stocks are larger than the corresponding components in θ , and the opposite is true for the component corresponding to the non-index stock. Any shock to the relative wealth of the two agents affects the equilibrium price of risk θ A in opposite directions for index and non-index stocks. This generates excess comovement. The slope of the coefficient

ν I ν A is (1-ν I ) -2 ,
so it is increasing in ν I . This causes the excess comovement to increase with the relative wealth of indexers.

Stock return dynamics

Proposition 2 Equilibrium stock prices have the form:

S i,t = S A i,t + ν I,t ν A,t X I i,t , ( 16 
)
where S A i,t is the stock price in the unconstrained economy and X I i,t is an adjustment for the consumption of the constrained agent.

Proof See Section B.7 of the Online Appendix.

I use a perturbation expansion to find a closed-form approximation for the stock price in the unconstrained economy. A perturbation expansion is a tool to find approximate solutions to complex problems by doing a power expansion around the solution of a simple problem for which the solution is known. 11 In the current case, the known problem is the one for which the cross-asset dividend process correlation ρ D is equal to one. In that case, there is only one risk factor, and all risky assets are effectively the same (it collapses to a one-tree problem). The perturbation expansion is then based on small variations (decreases) in ρ D . 12

The closed-form approximation for the stock price in the unconstrained economy is:

S A 1 = D M δ s 1 + s 1 (1 -3s 1 + 2s 2 1 -2s 2 + 2s 1 s 2 + 2s 2 2 ) (1 -ρ D ) σ 2 D 2δ + O( 4 ), (17) 
where s i = D i /D M is the share of dividends of asset i and is the perturbation term around ρ D = 1. 13 I find S A 2 by symmetry and S A 3 by using the fact that

S A 3 = D M δ -S A 1 -S A 2 .
Solving for X I i,t is non-trivial as the relative wealth process ν I depends on stock prices and stock prices in turn depend on ν I , so I must solve for ν I and X I i jointly.

11 My approach for obtaining closed-form approximations of equilibrium quantities follows Bhamra (2007), which was eventually published as [START_REF] Bhamra | A dynamic equilibrium model of imperfectly integrated financial markets[END_REF] with a different version of the model. [START_REF] Mertens | Solving an Incomplete Markets Model with a Large Cross-Section of Agents[END_REF] show that perturbation methods can be used to solve models with incomplete markets and heterogeneous agents. See [START_REF] Hinch | Perturbation methods[END_REF] for a textbook treatment of perturbation methods.

12 A downside of this approach is that the approximation is only valid in the neighborhood ρ D = 1, so it is not possible to study the case for which there is no correlation (ρ D = 0). 13 In the perturbation expansion, I set

ρ D = 1 -2 2 .
13

Using again a perturbation expansion, I obtain a closed form approximation for the stock price adjustment in the constrained economy:

X I 1 = D M s 1 2 (s 1 + s 2 ) δ 2 2 (s 1 + s 2 -1) 2 s 2 1 -s 1 + s 1 s 2 + s 2 2 -s 2 + (s 1 + s 2 ) 1 + 2s 2 1 -3s 1 + 2s 1 s 2 + 2s 2 2 -2s 2 ν A (1 -ρ D ) σ 2 D + O( 4 ). ( 18 
)
As for the stock prices in the unconstrained economy, I find X I 2 by symmetry and

X I 3 by X I 1 + X I 2 + X I 3 = 0.
4 Indexing and stock return dynamics I next present predictions of the model regarding the dynamics of stock returns in the presence of indexers, which I obtain from numerical results. This approach is necessary because while the perturbation methods allow me to find closed-form approximations of stock price dynamics, these approximations are too complex. It therefore not possible to study directly the conditions defining the dynamics of comovement without relying on numerical methods.

For the following discussion, I set the rate of time preference δ to 0.01. I set ρ D to 0.94, which is the average of the annual and daily correlations between the S&P 500 and the S&P 600 Smallcap dividend yield from 1999 to 2011 (0.956 and 0.919, respectively).

Finally, I set µ D to 0.026 and σ D to 0.17, which correspond to the average dividend yield and annual returns, respectively, for the S&P 500 from 1983 to 2011.

Stock return dynamics are a function of the relative level of each dividend stream and the relative wealth of the two agents. Since I am mostly concerned with the effect of the relative weight of indexers in the economy, I fix the relative level of each dividend stream and look at conditional moments as a function of the relative weight of indexers ν I . [START_REF] Cochrane | Two Trees[END_REF] show that in a model with a fixed supply of assets, the dividend share influences stock return dynamics, so I look at three specifications for the relative level of dividend streams. In each of them, I set the current level of stock 1's dividend to 1% of the current aggregate dividend (s 1 = 0.01), so it represents a marginal index stock.

In The focus of this analysis should be qualitative rather than quantitative. I do not claim that the model quantitatively matches empirical evidence. As illustrated by [START_REF] Petajisto | Why do demand curves for stocks slope down?[END_REF], it is not possible to generate indexing effects of economically significant magnitude with this type of model.

Comovement and the price of risk

The idea of excess comovement is that index stocks comove more with other index stocks than they do with non-index stocks compared to the benchmark case with no indexers. Figure 1 shows the comovement β of index stock 1 with the other index stock and with the non-index stock, as measured with a bivariate regression in the style of [START_REF] Barberis | Comovement[END_REF]:

β 12 = cov(dR 1 , dR 2 )σ 2 3 -cov(dR 1 , dR 3 )cov(dR 2 , dR 3 ) σ 2 2 σ 2 3 -cov(dR 2 , dR 3 ) 2 (19a) β 13 = cov(dR 1 , dR 3 )σ 2 2 -cov(dR 1 , dR 2 )cov(dR 2 , dR 3 ) σ 2 2 σ 2 3 -cov(dR 2 , dR 3 ) 2 (19b)
The origin of the x-axis (ν I = 0) shows the comovement in an unconstrained model.

Deviations from those values as ν I increases represent excess comovement. We can see that for each specification, the β with the other index-stock increases with ν I while the β with the non-index stock decreases. In other words, excess comovement is increasing in the relative wealth of the indexer.

It is useful to look at the effect of indexers on the price of risk θ to understand what is driving this excess comovement. The components of θ represent the price of risk factors Z i , which are the shocks to the dividend streams. Z 1 and Z 2 are the shocks to the index stocks' dividend streams while Z 3 is the shock to the non-index stock's dividend stream. Figure 2 presents the price of risk for a setup with equal dividend share between stock 2 and 3. 14 Panel (a) presents the price of risk in the unconstrained economy (does not depend on ν I ), and Panel (b) presents the shadow price of risk for the indexer. As we can see, the indexer's shadow price of risk for the index stocks is much higher than in the unconstrained case, while the opposite is true for the non-index stock. The resulting equilibrium price of risk, presented in Panel (c), is one where the price of risk of Z 1 and Z 2 are decreasing as ν I increases, while the price of risk of Z 3 increases. This means that for a given shock to the relative wealth of the indexer, the price of risks associated with index stocks reacts in the opposite direction than the one associated with the non-index stock, generating excess comovement.15 Furthermore, the magnitudes of the slopes are increasing in ν I , so the resulting excess comovement becomes larger as ν I increases.

These shocks to the price of risk translate directly to discount rates. Figure 3 shows that the expected return of the index stock is decreasing as a function of ν I for all specifications while it is increasing for the non-index stock, which explains the relationship for prices. This decrease in expected returns leads to a decrease in the Sharpe ratio for the index stock. Depending on the relative dividend shares, the Sharpe ratio of the non-index stock can be increasing or decreasing with ν I , but the slope is always negative and of greater magnitude for the index stock.

Figure 4 shows the stock price for the large index stock and non-index stock as a function of ν I for the equal size specification. As the effect of segmentation becomes larger, the index stock increases in price while the non-index stock decreases in price.

This illustrates that stocks are imperfect substitutes as one is not available to all investors. This is consistent with [START_REF] Shleifer | Do Demand Curves for Stocks Slope Down?[END_REF] who finds that stocks included in the S&P 500 experience positive abnormal returns around the event and that there is a permanent component to that effect. The results are qualitatively similar for the other specifications, but the price differential due to the dividend share differential renders the illustration less informative.

Indexing and comovement in the S&P 500

Using S&P 500 stocks, I empirically confirm the model prediction that index stocks comove more with other index stocks and less with non-index stocks as the relative wealth of indexers increases. of the index at year t as the total passive assets under management divided by the total CRSP market capitalization. I use this value as a proxy for the relative wealth of passive investors. It is important to note that this value represents a lower-bound on passive investing because it only considers reported investments in the S&P 500, the most widely tracked index. It excludes passive investments in other indices and investments in the S&P 500 that remain unreported to Standard and Poors. Figure 5 presents the passive ownership of the S&P 500 for 1983 to 2015.

Data and variable construction

Average comovement of index stocks

I first estimate comovement from 1957, the year the S&P 500 was first published, and then study the relationship of changes in comovement with lagged changes in passive ownership from 1985 to 2017. Following [START_REF] Barberis | Comovement[END_REF] 16 , I estimate comovement of an index stock by regressing its returns on the returns of the index (net of the effect of the stock) and the market returns net of the index:

R j,t = α j + β j,SP500 R SP500,t + β j,nonSP500 R nonSP500,t + u j,t . (20) 
I compute value-weighted daily returns of the S&P 500 portfolio (excluding stock j)

and of the non-S&P 500 portfolio using data from CRSP. This differs from the way [START_REF] Barberis | Comovement[END_REF] compute returns; they back out individual effect of the stock from S&P 500 returns. My approach avoids the need to estimate the daily weight of each index stock in order to remove its net contribution. It also keeps the weighting methodology constant throughout the sample, while the S&P 500 changed from value-weighted to float-weighted in 2005. For every year, I look at stocks that are in the index at the end of December. I estimate comovement βs using daily data for the following 12 months, with a minimum of 6 months availability for the estimate to be considered valid.

The average S&P 500 stock comoves more with the index than with the rest of the 16 Chen, Singal, and Whitelaw (2016) propose an alternative measure of comovement based on univariate regressions, which they show is more appropriate in the context of event studies. I use the bivariate approach because the univariate approach is not appropriate in the current context. See Section A of the Online Appendix for more details.

stock market, but this was not always the case. Figure 6 illustrates how the average comovement βs of S&P 500 stocks changed over the years since the index was created in 1957. Before 1975, the average index stock comoved more with the rest of the market than with the index. This pattern reversed over the following 15 years. Consistent with predictions of the model, we can see that for almost all months since indexing has become non-negligible (the early 1980s), the average comovement of index stocks with the index is greater than with the rest of the market. This is also consistent with [START_REF] Barberis | Comovement[END_REF] and Boyer (2011) who both find a similar effect while focusing only on stocks that get added or removed from an index. Their focus is on the change in comovement surrounding index additions and deletion events, not on the time series of comovement.

The model predicts that the β with the index should be increasing in passive investors' wealth and that the β with the rest of the market should have the opposite relationship. In the next section, I test these predictions empirically using passive ownership (PO) as a proxy for passive investors' wealth.

Passive ownership and comovement

The goal of [START_REF] Barberis | Comovement[END_REF] is to investigate whether index membership causes the excess comovement of index stocks with other index stocks, so in their setup, an event-study is appropriate. Specifically, they study changes in stock-specific comovement around inclusions and exclusions in the S&P 500 index in the years 1976-2000. They find that stocks comove more with other index stocks and less with non-index stocks after they join the index. These results are stronger in the second half of their sample than in the first half, suggesting there might be changes in the time-series.

My objective is to determine if the comovement of the average index stock becomes stronger as the relative weight of indexers in the economy increases. Instead of using an event study as in [START_REF] Barberis | Comovement[END_REF], I compute the measure of comovement for all stocks that are members of the index in a given year. I then study the time-series of average comovement and how it varies with the level of indexing.

Formally, I use ordinary least squares regressions based on the average comovement of S&P 500 stocks. Looking at Figure 5, one may have reasonable concerns that the increase in comovement is due to a time trend that just happens to be correlated with the increase in passive ownership. To avoid this issue, the analysis focuses on absolute changes in comovement and passive ownership. I regress changes in average β SP500,t and average β nonSP500,t (which I denote ∆β SP500,t and ∆β nonSP500,t ) as dependent variables and the lagged changes in the index's passive ownership (∆PO t-1 ) as the independent variable. Changes are computed as the absolute difference between two annual observations. Changes in β exhibit negative auto-correlation, which I control for in two ways. First, I present Newey-West standard errors based on three lags. Second, I also repeat each regression including the lagged value of the dependent variable, ∆β t-1

(which corresponds to ∆β SP500,t-1 or ∆β nonSP500,t-1 .) With only 32 annual observations, concerns may arise regarding the sample distribution of test statistics. To address these concerns, I compute bootstrapped standard errors based on a moving block bootstrap with three lags and a sample size of 100,000. These bootstrapped standard errors and associated p-values are also reported.

Table 1 presents regressions results. The model predicts a positive sign for the coefficient on ∆PO t-1 in the regression of ∆β SP500 and a negative sign for the coefficient on ∆PO t-1 in the regression of ∆β nonSP500 . Coefficients on ∆PO t-1 are all of the expected signs and statistically significant. Furthermore, the adjusted R 2 are quite high, suggesting that the change in passive ownership explain more than 10% of the variation in comovement. Taken together, these results suggest that S&P 500 stocks do indeed comove more with other S&P 500 stocks and less with non-S&P 500 stocks as indexer wealth increases.

Robustness checks

I next confirm that the previous results do not extend to non-index stocks and that they are not driven by the very large stocks, by correlated trading, or by the pre-1990 sharp increase in passive ownership.

Non-index stocks

While previous results support my hypothesis, it could be that all stocks in the size range of small S&P 500 stocks began to comove more with large S&P 500 stocks, contemporaneously with increases in PO. To confirm that this is an indexing effect, I form a sample consisting of the smallest 250 stocks in the S&P 500 and the largest 250 stocks in the non-S&P 500 portfolio. The size ratio of the bottom S&P 500 portfolio to the top non-S&P 500 portfolio varies between 0.49 and 1.46 with an average of 0.93. 17 The average comovement βs for the two groups are presented in Figure 7. There is a clear difference between the time series patterns of the two groups.

I repeat the regression exercise on these two portfolios simultaneously. I add an indicator variable, T , that is equal to one for observations corresponding to the portfolio of S&P 500 stocks and zero otherwise. If these effects are driven by indexing, coefficient estimates on ∆PO t-1 × T should be significant with the appropriate signs while those on ∆PO t-1 should not.

Results presented in Table 2 support my hypothesis. In all regressions, the coefficient on ∆PO is small and not statistically significant. As expected, changes in passive ownership are not related to changes in comovement for non-index stocks. For the regressions on ∆β SP500 the coefficients on ∆PO×T are of the expected sign and statistically significant. This suggests that passive ownership only affects the comovement of index stocks. For the regressions on ∆β nonSP500 the coefficients on ∆PO×T are of the expected sign but not statistically significant.

Panel regressions

The previous regression results are strong, but one might wonder if the relationship is also present in the cross-section of comovement βs. I repeat the previous tests using a pooled regression with individual firms' changes in comovement β as dependent variables. I also include firm-specific lagged changes in β as a control variable. I include firm-fixed effects and standard errors clustered by year. Table 3 presents regressions results. Considering all observations within a year share the same change in passive making it the 21st largest company in the index.

ownership, it would be unlikely for ∆PO t-1 to explain much of the variation. This is evident from the low adjusted R 2 . Nonetheless, the coefficients ∆PO t-1 are of the same sign and magnitude as in the regression based on average βs, and they are also statistically significant.

Size effects

Size has long been considered a driver of stock returns. If large firms are indeed fundamentally similar, we would expect them to comove more with other large firms even in the absence of indexers. Since the S&P 500 is a value-weighted index,18 comovement with the index means comovement with large S&P 500 stocks. If large S&P stocks indeed have comoving fundamentals, we would expect the effect of indexers on those stocks to be weakened or even negligible. However, if smaller S&P 500 stocks have fundamentals that comove more with stocks of similar size, including non-S&P 500 stocks like the large S&P 400 MidCap stocks, we would expect the effect of indexers to be more pronounced on them. The value-weighted R nonSP500 puts more weight on the largest non-S&P 500 stocks, which are of similar size to small index stocks.

To look at differences due to size, I split the sample of S&P 500 stocks in two.

Each year, the top portfolio includes the largest 20 stocks, which account on average for 47.0% of the index market cap, and the bottom portfolio includes the remaining stocks. Average comovement βs for both subsamples are presented in Figure 8. It does appear that comovement with the index was higher for larger stocks than for smaller stocks at the beginning of the sample when indexing was marginal. I repeat the previous tests on stocks in the bottom portfolio, thus excluding the largest 20 stocks from the analysis and present the results in Table 4. Coefficients have the expected signs and are slightly larger in magnitude than those for the full sample presented in Table 1 for the regressions on averages. Thus, results do not appear to be driven by the large S&P 500 stocks. Untabulated regression results for the top portfolio are not statistically significant.

Correlated trading

In the model, comovement is a product of changes in the discount rate. An alternative explanation for index-linked comovement is correlated trading. When news is made public, it could be that index stocks are traded more quickly to reflect the new information, while trading in non-index stocks may lag. Under this hypothesis, comovement would not be noticeable at lower frequencies. To reject that my results are driven by correlated trading, I repeat the tests using comovement estimated using weekly returns. The methodology for computing average comovement βs is the same as in Section 5.1.1, with the exception that I use weekly returns instead of daily returns.

Figure 9 presents the time series of average comovement βs using weekly returns. The pattern is very similar to the one obtained with daily returns. Regression results are presented in Table 5. Even for comovement computed using weekly returns, the results are all of the expected sign and statistically significant. Note that this does not reject the correlated trading hypothesis. It merely illustrates that if correlated trading impacts comovement, the effect is likely orthogonal to the effect of passive ownership.

Post-1990

Both comovement of index stocks and passive ownership were trending upward until 1990. One concern is that this trend is driving my results. I redo the regressions, limiting the sample from 1991 to 2017, and present the results in Table 6. This restriction reduces the sample to 26 observations, but results are even stronger, which suggests that predictions of the model hold even after the rapid growth in indexing was over.

Concluding remarks

I present theoretical explanations and empirical evidence suggesting that comovement within index stocks increases with the relative wealth of indexers, which can explain the rise of comovement in S&P 500 stocks that began in the 1970s. While the notion of excess comovement in index stocks is not new, this is the first paper to link it directly to the relative wealth of indexers and its effect on discount rates.

The model I introduce is populated by two rational representative agents, an active investor, and an indexer. Two of the stocks form an index, and the indexer is constrained to invest solely in the bond and the index. The model predicts that, as the relative wealth of the indexer increases, index stocks comove more with other index stocks and less with non-index stocks. While this model proved useful for my analysis, I am aware of its limitations. One such limitation of the model is its inability to explain the rise of indexing since the model is not stationary; over time the active investor dominates. Future research could address this issue, introducing frictions such as the incremental cost of active investing, for which [START_REF] French | Presidential address: The cost of active investing[END_REF] provide estimates, and allowing one rational agent to invest both passively and actively at the same time through delegated portfolio management, as in [START_REF] Petajisto | Why do demand curves for stocks slope down?[END_REF].

Second, I show that comovement of S&P 500 stocks with other S&P 500 stocks increases while comovement with non-S&P 500 stocks decreases as the share of passive holdings in the index increases. These results support the main prediction of the mode.

I confirm that these results are robust to some alternative explanations of comovement, including the correlated trading view.

These findings have obvious implications for the future of indexing, and its impact on the economy. The artificial market segmentation generated by the prevalence of large indices that fall short of covering the total market has negative impacts for passive investors and smaller firms. For the former, it lowers the expected rate of return of stocks in their portfolio, while increasing their covariance, leading to lower Sharpe ratios. For the latter, it forms a glass ceiling, creating a wedge in the cost of capital between firms that are included in the index and those that are not. As index investing shows no sign of slowing down, we can expect these impacts to become more important over time. This figure presents the average annual comovement βs of S&P 500 stocks from 1957 to 2017 estimated from the bivariate regression R j,t = α j + β j,SP500 R SP500,t + β j,nonSP500 R nonSP500,t + u j,t . The sample includes stocks in the index on the last trading day of the year, using returns from the following 12 months. This figure presents the average annual comovement βs from 1957 to 2017 estimated from the bivariate regression R j,t = α j + β j,SP500 R SP500,t + β j,nonSP500 R nonSP500,t + u j,t .

The sample is based on index membership on the last trading day of the year, using returns from the following 12 months. The figures present the average annual comovement βs from 1957 to 2017 estimated from the bivariate regression R j,t = α j + β j,SP500 R SP500,t + β j,nonSP500 R nonSP500,t + u j,t .

The sample includes stocks in the index on the last trading day of the year, using returns from the following 12 months. This figure presents the estimates of comovement obtained from weekly returns. Average annual comovement βs of S&P 500 stocks from 1957 to 2017 estimated from the bivariate regression R j,t = α j +β j,SP500 R SP500,t +β j,nonSP500 R nonSP500,t +u j,t . The sample includes stocks in the index on the last trading day of the year, using returns from the following 52 weeks. 

  are the risk-free rate and price of risk in the unconstrained economy (θ and σ indicate 3-dimensional vectors) and ρ ν A D M is the covariance between the aggregate dividend process and the consumption share process ν A . Proof See Section B.4 of the Online Appendix for the derivation.

  the first specification, I set the level of stock 2 and 3's dividends to equal shares of the balance (s 2 = s 3 = 0.495). In an unconstrained economy, stocks 2 and 3 would have the same dynamics since their dividend processes have the same parameters and their dividend levels are equal. However, this assumption of equal shares is far from the reality of the two most widely tracked US equity indices: the S&P 500 and the Russell 2000. As of 2010, the S&P 500 represents about 78% of the total US market capitalization, while the Russell 2000 represents only 9%. The second and third specifications are set to mimic the S&P 500 and Russell 2000, with respective dividend levels set to s 2 = 0.77, s 3 = 0.22 and s 2 = 0.08, s 3 = 0.91. Stock prices also depend on the current level of aggregate dividends, so I normalize D M = 1 to get stock prices that reflect a relative weight of each stock's value in the market (S M = D M /δ = 100).

I

  obtain S&P 500 index constituents and individual stock returns and characteristics from CRSP. I consider all CRSP stocks listed on Amex, Nasdaq or NYSE with share codes 10 or 11. These restrictions exclude an average of 2 S&P 500 stocks per year after 1983. The annual estimates of passive assets under management in the S&P 500 for 1983-2015 are from Standard and Poor's. I define the passive ownership (PO)

17

  Market capitalization is not the only determinant for inclusion in the S&P 500. Other factors such as liquidity and market representation are also taken into consideration, which can exclude very large firms from the index. Probably the most notable example is Berkshire Hathaway Inc., which was only included in the S&P 500 (and S&P 100) in 2010 following the 50-1 split of its Class B shares,
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  Average comovement of the 250 largest stocks not in the S&P 500.

Figure 8 .

 8 Figure 8. Average Comovement of S&P 500 Stocks from 1957 to 2017, for the 20 Largest Stocks and Excluding the 20 Largest Stocks
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Table 1 .

 1 Changes in Comovement on Lagged Changes in Passive OwnershipThis table presents regression estimates of changes in average comovement for S&P 500 firms (∆β SP500,t and ∆β nonSP500,t ) on lagged changes in passive ownership (∆P O) and on ∆β t-1 , the lagged value of the dependent variable. The dependent variables are the changes in average βs. Comovement βs are estimated from the regression R j,t = α j + β j,SP500,t R SP500,t + β j,nonSP500,t R nonSP500,t + u j,t , where R SP500,t is the value-weighted return of the S&P 500 stocks portfolio (excluding stock j) and R non-SP500,t is the valueweighted return of the rest of the market. Comovement βs are estimated based on index membership at the end of December, using daily returns for the following 12 months. P O is total passive assets under management divided by the total CRSP market capitalization and acts as a proxy for the relative wealth of indexers. Newey-West standard errors based on three lags and standard errors based on a moving block bootstrap with three lags are presented in parenthesis and square brackets, respectively, and bootstrapped p-values in italics. The bootstrapped distribution is based on 100,000 samples. The sample period is 1985 to 2017.

			∆β SP 500,t		∆β nonSP 500,t	
		(1)	(2)	(3)	(4)	(5)	(6)
	Intercept -0.016 -0.004 -0.016	0.016 -0.001	0.016
		(0.01) (0.01) (0.01)	(0.02) (0.02)	(0.02)
		[0.01] [0.01] [0.01]	[0.02] [0.02]	[0.02]
		0.17	0.77	0.24	0.55	0.95	0.62
	∆P O t-1	7.825		7.970 -10.595	-10.705
		(3.87)		(4.10)	(5.96)		(6.16)
		[3.94]		[4.24]	[6.02]		[6.51]
		0.01		0.02	0.02		0.05
	∆β t-1		-0.222 -0.236		-0.061 -0.079
			(0.14) (0.13)		(0.16)	(0.13)
			[0.16] [0.16]		[0.19]	[0.17]
			0.07	0.06		0.63	0.50
	Adj. R 2	0.152 0.019 0.184	0.113 -0.029	0.090
	N	32	32	32	32	32	32

See, for example, Vijh (1994),[START_REF] Barberis | Comovement[END_REF] and[START_REF] Boyer | Style-Related Comovement: Fundamentals or Labels?[END_REF] for evidence of comovement in S&P indices or[START_REF] Shiller | Comovements in Stock Prices and Comovements in Dividends[END_REF] for earlier evidence of excess comovement.

This conclusion is driven by the way the author identifies passive investors. Using the Active Share measure of[START_REF] Cremers | How Active Is Your Fund Manager? A New Measure That Predicts Performance[END_REF], he labels as passive investors those in the lowest tercile of active share. These investors could thus be true indexers, closet indexers, or even less-active active investors. His underlying assumption is that investors in the bottom tercile -a proportion that is fixed through time -are passive, while my argument is about the impact of changes in the size of this group of passive investors.

[START_REF] Bhamra | Stock market liberalization and the cost of capital in emerging markets[END_REF], which I extend, is one such model. In my model, the constrained investor faces the additional constraint of having to invest according to the index weights.[START_REF] Pavlova | The role of portfolio constraints in the international propagation of shocks[END_REF] present a similar model with three countries (with three agents and three goods). They find that portfolio restrictions and terms of trade generate excess comovement in asset prices.

The values used are s 1 = 0.1 and s 2 = s 3 = 0.45. s 1 is set to a larger value to scale the associated price of risk on the graph, but results are qualitatively similar with s = 0.01.

From (15), we know that the slope is actually -(θ I -θ )/(1 -ν I ).

The S&P 500 switched to float-weighting in 2005. Float weighting uses the market capitalization of the float-the shares available for trading-excluding shares held by large block-holders.

= 0.91).
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