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ABSTRACT

This paper develops a rational, liquidity-based model of closed-end funds (CEFs) that
provides an economic motivation for the existence of this organizational form: they provide a
means for investors to buy illiquid securities, without facing the costs associated with direct
trading should they later need to liquidate their positions, and without the externalities
imposed by the open-end fund structure. Our model explains both the patterns observed
in CEF IPO behavior, and the observed behavior of the CEF discount, which results from
a tradeoff between the liquidity benefits of investing in the CEF and the fees charged by
the fund’s managers. In particular, the model predicts, as observed, that IPOs will occur in
waves in certain sectors at a time, that funds will be issued at a premium to net asset value
(NAV), and that they will later usually trade at a discount. Finally, calibrating the model
leads to our overturning several previously accepted “stylized facts” about the CEF discount.
The model predicts that, at the time of an IPO, existing funds in the same sector should be
trading at a premium, and that reversion to a discount should typically take several years.
These last two predictions contradict the conclusions of prior researchers, who found that
(i) CEFs come to the market at a premium at the same time as existing funds are trading
at a discount, and (ii) that the reversion from a premium at IPO to a discount is of the
order of months. However, their conclusions were the result of looking at the wrong, or
non-representative, data. A more careful analysis shows that the model’s predictions are,
indeed, correct.
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1 Introduction

A closed-end fund (CEF) is a publicly traded firm that invests in securities. While investors

can, in principle, trade either in the CEF’s shares or directly in the underlying securities, a

CEF rarely trades at a price equal to the value of the securities it holds (its Net Asset Value,

or NAV). CEFs usually trade at a sizeable discount to NAV, though it is not uncommon for

them to trade at a premium.1 The existence and behavior of this discount, usually referred

to collectively as the “closed-end fund puzzle”, poses one of the longest standing anomalies

in finance: Why are investors willing to buy a fund at a premium at its IPO, knowing that it

will later fall to a discount?2 The puzzle is compounded by empirical studies that claim that

(i) investors are willing to buy a fund at a premium, when existing funds at the same time

are trading at a discount;3 and (ii) after their IPO, a CEF’s premium reverts to a discount

in a matter of months.4

These considerations have led most authors to conclude that investor irrationality is

the only possible explanation. For example, Lee, Shleifer, and Thaler (1991) observe that

“it seems necessary to introduce some type of irrational investor to be able to explain why

anyone buys the fund shares at the start . . . ,” Pontiff (1996) concludes that “Pricing theories

that are based on fundamentals have had very little, if any, ability to explain discounts,”

and Chay and Trzcinka (1999) conclude that, “The investor sentiment hypothesis of the

formation of closed-end funds appears to be the only plausible explanation for the initial

public offering (see Lee, Shleifer, and Thaler (1991)).” This leads to a further, even more

fundamental question: Do CEFs exist primarily to exploit investor irrationality, or is there

another reason for their existence?

In this paper, we provide a simple economic explanation for the existence of CEFs,

motivated by four observations:

1Lee, Shleifer, and Thaler (1991) report that the discount on US CEFs towards the end of the period
1965–1985 was usually between 10% and 20%. Dimson and Minio-Kozerski (1999) state that discounts at the
end of the 1990s were around 10% in the UK and 5% in the US. Anderson and Born (2002) report that, in
February 2001, the average discount for all equity funds worldwide was 10.9%. According to the Investment
Companies Yearbook (2001), pp. 31–32, in 2000, 90% of closed-end funds traded at a discount, the average
discount being 10.14%. In that year, the highest premium seen was 37.03%.

2See, for example, Weiss (1989), Peavy (1990), and Weiss Hanley, Lee, and Seguin (1996).
3For example, Lee, Shleifer, and Thaler (1991) note that 17 new CEFs were introduced in 1986, while,

at the same time, existing funds were trading at an average discount of 5%, and conclude that “. . . the fact
that investors pay a premium for the new funds (at IPO) when existing funds trade at a discount is the first
part of the puzzle to be explained.”

4See Weiss (1989).
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• CEFs tend to hold very illiquid securities.5

• CEF shares tend to be much more liquid than their underlying securities, especially

for small investors.6

• Unlike investing either directly or in an open-end fund (OEF), when an investor in

a CEF sells his or her position, CEF share(s) are transferred from one investor to

another, but the underlying assets do not change hands; they remain owned by the

fund.7

• CEFs are primarily held by small investors.8

In this paper, we model the existence of closed-end funds as an indirect means for small

investors, facing high transaction costs, to invest in illiquid securities that would be pro-

hibitively expensive to invest in directly.9 If investors buy illiquid securities directly, or

indirectly via an OEF, they incur costs should they need to sell them later. Amihud and

Mendelson (1986) show that this can cause short-horizon investors to avoid illiquid securities

entirely.10 On the other hand, if investors buy the same assets indirectly, via an exchange

traded CEF, when they liquidate their position, they sell their shares to another investor

without the underlying assets changing hands, and hence avoid these illiquidity costs. In-

vesting via an OEF does not provide the same benefits. Investor liquidations force an OEF

to sell some of its holdings, imposing externalities on the remaining investors.11 Moreover,

5This is true both relative to the universe of all securities, and relative to the holdings of open-end funds.
For example, Nanda, Narayanan, and Warther (2000) note that “. . . most funds specializing in holding foreign
securities, which are generally less liquid than U.S. securities, are closed-end. Similarly, most funds that hold
real estate, which is inherently more illiquid than traded securities, tend to be real estate investment trusts,
which are similar to closed-end funds. At the other extreme, the overwhelming majority of funds that invest
in highly liquid exchange-traded securities, where liquidation costs are low, are formed as open-end funds
. . . ” In confirmation of this, Table 1 shows the number of IPOs by sector from 1986–2000. It can be seen
that these tend to occur in illiquid securities, such as municipal bonds, non-US securities, and high yield
bonds.

6For example, bid-ask spreads on CEFs average about 1% (see Nanda, Narayanan, and Warther (2000)).
Harris and Piwowar (2004) (page 1) find that “effective spreads in municipal bonds average about 2% of
price for retail size trades of $20,000, and about 1% of price for institutional size trades of $200,000.” Green
et al. (2004) find similar results

7This differs from both buying the assets directly, and from open-end funds (OEFs), where net outflows
from the fund result in a sale of the underlying assets. For example, Edelen (1999) finds that, in his sample
of OEFs, “Approximately one-half (one-third) of the average (median) fund’s assets are redeemed in the
course of a year, and over two-thirds (38%) of the average (median) fund’s assets arrived as new inflow in
the previous year.”

8See Weiss (1989) and Lee, Shleifer, and Thaler (1991).
9There are, of course, other reasons why investors invest in funds, rather than directly, including better

access to diversification, but these all apply to open-end as well as closed-end funds. Open-end funds do not
trade at a discount.

10They note (p. 246) that, “There is a clientele effect, whereby stocks with higher spreads are held by
investors with longer holding periods.”

11Chordia (1996) lists some of these externalities, which include adverse selection costs of trading, brokerage

3



these externalities also mean that an OEF is subject to the risk of a fund-run,12 the risk

growing with the illiquidity of the underlying assets and the liquidity needs of investors. This

externality, and the consequent risk of a bank-run, are neutralized by organizing as a CEF

instead of an OEF.13

The premium or discount at which the CEF trades emerges naturally from the tradeoff

between these liquidity benefits and the fees charged by the fund’s management, without

needing to appeal to investor irrationality. In the absence of fees, the CEF will trade at a

premium to NAV.14 With fees, the CEF may trade at either a discount or at a premium,

depending on the size of the fees relative to the liquidity benefit, and the discount will vary

over time as the liquidity premium on the underlying asset changes.15

Our model not only provides a simple rational explanation for the existence of the CEF

discount, but also makes strong predictions about the IPO behavior of CEFs, and sheds light

on the behavior of the discount at and after a fund’s IPO. In the model, new funds come to

market when the premium on existing CEFs reaches a level (determined endogenously by

the model) where investors are indifferent between buying a seasoned fund at a premium,

or paying a premium for the newly IPOd fund; this premium should be high enough to

compensate for the underwriters’ fees. Thus, investors in an IPO pay the underwriters’ fees

not because they are irrational, but because they are interested in the services provided by a

CEF, and these services are currently trading at a high price. The entry of new IPOs reduces

the supply of the underlying assets, and therefore puts downward pressure on the liquidity

premium in that asset.16 An equilibrium is characterized by mean-reversion in the premium,

and operating expenses, and unexpected capital gains or losses. He also notes that OEF manangers may
need to maintain a cash position larger than they would otherwise desire, in order to mitigate the impact of
redemptions.

12This is analogous to a bank-run (see Diamond and Dybvig (1983)). As a specific example of such a
fund-run, more than $32 billion of assets managed by Putnam were redeemed in a single month (see WSJ,
12/8/03).

13Chordia (1996) and Nanda, Narayanan, and Warther (2000) suggest that, for OEFs, these externalities
can be reduced by imposing loads. However, this increases the illiquidity of the fund shares, undermining
their ability to provide liquidity benefits to short-horizon investors. Chordia (1996) shows that investing in
an OEF may provide liquidity risk-pooling benefits, but these are also provided by a CEF.

14It is well-documented that liquidity differences between assets can cause significant price differences
between two assets with identical cash flows. For example, Dimson and Hanke (2004) compare an equity
index with a set of equity index-linked bonds with the same payoff, and find that the (less liquid) bonds sell
at a discount relative to the index. Longstaff (2004) compares Treasury securities with bonds issued by a
government agency, Refcorp, that are backed by Treasury securities and guaranteed by the government. He
finds that the (more liquid) Treasury securities trade at a significant premium.

15Our model predicts that a CEF should trade at a higher price, relative to NAV, as the liquidity of the
CEF increases relative to the liquidity of the underlying assets. Exactly this empirical relation is documented
by Jain, Xia, and Wu (2004), who find that, for single-country CEFs, the discount widens both when the
illiquidity of the home market (where the underlying assets are traded) decreases, and when the illiquidity
in the host market (where the CEF trades) increases.

16For example, if enough CEFs IPO so that all of the underlying asset is institutionally managed, the
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and hence, consistent with empirical observation, investors buy the fund even though they

expect that the premium will, in time, disappear.17 The downward pressure by new funds

entering the market can also explain why the average fund trades at a discount. The model

also predicts that we should see IPOs occurring in waves in different sectors, since if the

liquidity premium in a given sector is high for one fund thinking about coming to market,

it is high for all other funds in the same sector. This pattern in IPOs is exactly what we see

in practice, as shown in Table 1.

Finally, calibrating our model to market data results in our overturning two widely cited

“stylized facts” about the CEF discount. The model predicts that, at the time of an IPO,

existing funds in the same sector should be trading at a premium to NAV, and that reversion

from a premium to a discount should take several years on average. This seems to contradict

the results of prior researchers, including Lee, Shleifer, and Thaler (1991) and Weiss (1989),

but a more careful analysis of the data shows that the model’s predictions are largely correct.

When Lee, Shleifer, and Thaler (1991) found that existing funds were trading at a discount

at the same time as new funds came to market, they were looking at all existing funds. Since

new funds tend to be brought to market only in certain sectors, the appropriate comparison is

between the discounts/premia on new vs. existing funds in the same sector. When we restrict

our attention to this comparison, we find, exactly as predicted by the model, that when a

new fund comes to market, existing funds in the same sector are trading at a premium,

not a discount. Moreover, the rapid reversion to a discount noted by Weiss (1989) is only

descriptive of domestic equity funds that came to market during the period 1985–1987, a very

small portion of all CEF IPOs over the period 1986–2000. A more representative sample,

involving more CEF sectors and a longer time series, shows that the reversion from premium

to discount usually takes several years, consistent with the model’s predictions.

The paper is organized as follows: Section 2 describes prior explanations for the closed-

end fund discount. Section 3 motivates the model, discussing the interaction between liq-

uidity and closed-end funds, and paying particular attention to evidence that supports a

liquidity rationale for the services provided by CEFs. Section 4 develops a formal model

that implements the ideas laid out in prior sections. Section 5 calibrates the model to real-

istic data, and Section 6 discusses the model’s implications for premia and discounts around

the time of an IPO. Section 7 concludes the paper.

liquidity premium vanishes. Naturally, this will not happen in equilibrium since a premium over NAV is
required to justify the underwriting costs.

17See Lee et al. (1991), Sharpe and Sosin (1975).
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2 Prior Explanations for the CEF Discount18

Illiquidity and Inaccurate NAV measurement A number of explanations for the

closed-end fund discount have been proposed that are based on market frictions such as

illiquidity and taxes. If a fund owns a lot of restricted stock, or other illiquid assets, which

do not trade freely, its NAV may not accurately reflect its true value, in which case the fact

that it does not trade at its NAV is not particularly surprising. Malkiel (1977) and Lee,

Shleifer, and Thaler (1991) find that holdings of restricted stock do have some explanatory

power for discounts, but these holdings are small or zero for most funds, so cannot fully ex-

plain the behavior of the discount. Seltzer (1989) suggests that funds holding illiquid assets

are likely to be overvalued, but this is inconsistent with the fact that funds’ price rises when

they are open-ended.

Taxes Full taxes on a fund’s realized capital gains are paid by current shareholders even

if most of the gains occurred before they bought their shares. This would imply that funds

with large accumulated gains should trade at a discount to NAV. However, Malkiel (1977)

finds that even a fund with (a very high) 25% of its assets in unrealized appreciation would

see an average discount of only 5%, and moreover the fact that prices rise to NAV on fund

liquidation suggests that this factor cannot be the main factor driving discounts.

Brickley, Manaster, and Schallheim (1991) and Kim (1994) suggest an alternative tax-

timing explanation based on the idea that holding shares indirectly via a closed-end fund

precludes an investor from doing the direct trading in the underlying shares necessary to

follow the optimal tax timing strategy.19 The empirical evidence is mixed. For example, Kim

(1994) documents a large increase in the number of closed-end funds after 1986, when changes

in the tax-law reduced the tax disadvantage of holding closed-end funds, but DeLong and

Shleifer (1992) document that the discount increased between 1985 and 1990. In addition,

the tax-timing option cannot explain funds trading at a premium, and should apply to both

open and closed-end funds.

Fees and Managerial Ability Besides frictions, the other main explanations that have

been suggested for the discount are fees and managerial ability. The idea that a closed-end

fund will trade for a discount if the manager charges fees (but does not add value) was

originally proposed by Boudreaux (1973). If managers charge fees, and provide nothing of

18The discussion in this section closely follows that in Berk and Stanton (2004), which was in turn based on
very clear surveys of the literature by Dimson and Minio-Kozerski (1999), Lee, Shleifer, and Thaler (1990),
and Anderson and Born (2002)

19See, for example, Constantinides (1983, 1984).
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value in return, then the value of the fund to investors should be lower than the fund’s NAV.

Gemmill and Thomas (2002), Ross (2002a), and Cherkes (2003b) show that if the fund pays

out a fraction γ to investors each year, and pays fractional management fees of δ each year,

the discount is
δ

γ + δ
.

In particular, if the payout rate to investors is zero, the discount is 100% regardless of how

small the fractional fee paid to managers each year.20 Empirically, Malkiel (1977) did not

find that fees significantly explained variation in the level of the discount, although Kumar

and Noronha (1992) and Gemmill and Thomas (2002) find that differences in fees do explain

a small proportion of the cross-sectional variation in discounts.

If some managers add value, a fund will trade at a discount if investors believe its manager

is relatively poor at investing their money (so they do not make back their fees), and at a

premium if investors believe the manager is relatively good at investing. Lee, Shleifer,

and Thaler (1990) point out that for this to explain the usual overall discount, together

with the premium at the IPO, investors must expect superior returns at the IPO, but then

(predictably) later expect poor performance. They suggest that this is the result of investor

irrationality, but the rational model in Berk and Stanton (2004) predicts exactly this behavior

for the return on the fund’s underlying assets. When combined with the time-series behavior

of the discount, investors in the fund’s shares always receive the fair rate of return, consistent

with the results of Sias, Starks, and Tiniç (2001). A related model is that of Ross (2002b),

who also explains the post-IPO discount as a function of the difference between the value

added by the manager and the fees charged.

Our model is complementary to those of Ross (2002b) and Berk and Stanton (2004). We

explain the discount, and the existence of closed-end funds as an organizational form, via a

tradeoff between liquidity and fees, rather than between managerial ability and fees. Unlike

ability-based models, our model has the advantage that it can explain the striking patterns

observed in CEF IPO behavior, as well as explaining why discounts on related funds tend

to move together. However, our explanation does not rule out the existence of managerial

ability. In principle, we could include both features – managerial ability and liquidity – in a

single model.

20A simple way to see this intuitively is to think of the fund manager as being awarded a fraction δ of the
shares remaining in the fund each year. After t years, investors are left with (1 − δ)t times the number of
shares they started with, which goes to zero as t → ∞.
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3 Liquidity and closed-end funds

Direct vs. Indirect Investment in Illiquid Securities There is a huge literature on

liquidity, and its links to market frictions, transaction costs, asset prices and returns.21 While

there is not unanimous agreement on exactly what liquidity is, or how to measure it, most

would agree with O’Hara (2004), who defines a liquid market as “. . . one in which buyers and

sellers can trade into and out of positions quickly and without having large price effects,”

and the overwhelming conclusion of this literature is that expected returns are positively

related to illiquidity, regardless of the exact definition used.

Illiquidity costs are particular severe for small investors. Green, Hollifield, and Schürhoff

(2004) provide compelling evidence that municipal bond intermediaries impose a (one-way)

mark-up on small trades (those below $100,000) averaging 2.5%. Moreover, mark ups of

5% are not unusual. This is to be compared with a far smaller mark-up for institutional

sized trades (over $500,000) averaging −9 basis points, and rarely above 1%.22 A small

investor with a horizon of one year would thus face annual trading costs averaging 5% higher

than those faced by an institutional investor such as a CEF. Given that bid-ask spreads on

CEFs are around 1% (see Nanda, Narayanan, and Warther (2000)), an individual investor

with horizon < 5 years could potentially gain substantially by purchasing municipal bonds

indirectly, through a closed-end fund.

Consistent with the idea that CEFs might provide substantial liquidity benefits (these

benefits being larger for smaller investors, and for more illiquid securities) is the fact that

CEFs in practice do tend to focus on relatively illiquid investments, and are predominantly

held by small investors. Table 1 shows the asset classes attracting newly organized CEFs in

the years 1986–2000. The new funds invested primarily in illiquid assets such as municipal

bonds, high yield bonds, and foreign securities. On a value-weighted basis, well over 50%

of the CEFs over the sample period are bond funds. Similarly, real estate tends to be held

by Real Estate Investment Trusts (REITs), which are similar to closed-end funds. Weiss

(1989) reports that, in her sample of CEFs, an average of only 3.5% of the funds’ equity

was held by institutions one quarter after the IPO, compared with 21.82% for her control

21See, for example, Acharya and Pedersen (2004), Aiyagari and Gertler (1991), Amihud (2002), Ami-
hud and Mendelson (1986), Boudoukh and Whitelaw (1993), Brennan (1975), Brennan and Subrahmanyam
(1996), Campbell, Grossman, and Wang (1993), Chatterjee and Corbae (1992), Chordia, Roll, and Subrah-
manyam (2000), Constantinides (1986), Eisfeldt (2004), Glaeser and Kallal (1997), Glosten and Milgrom
(1985), Grossman and Miller (1988), Heaton and Lucas (1996), Hirshleifer (1988), Holmström and Tirole
(1998), Holmström and Tirole (2001), Huang (2003), Huang and Wang (2005), Kyle (1985), Kyle and Xiong
(2001), Lo, Mamaysky, and Wang (2004), Merton (1987), Orosel (1998), Pagano (1989), Pástor and Stam-
baugh (2003), Routledge and Zin (2004), Stoll (1985, 1989), Vayanos (1998, 2004).

22Green, Hollifield, and Schürhoff (2004) argue within a structural model that intermediaries compete over
larger trades, while competition for smaller trades is rare.
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sample of (non-CEF) IPOs. Over the next three quarters, the difference gets even larger;

the fraction of CEFs held by institutions stays roughly constant, whereas the fraction of

the control group held by institutions rose by about 7%.23 Lee, Shleifer, and Thaler (1991)

report similar results, and also report that, in 1987, 64% of all CEF trades were less than

$10,000 in size (compared with 79% for the smallest decile of NYSE stocks, and 28% for the

largest decile of NYSE stocks).

There is additional, though perhaps less direct, evidence that the majority of CEFs

specialize in illiquid assets. According to Tables I and III in Cherkes (2003b), CEFs have

significantly higher net returns relative to matched OEFs, even while the risks are similar

(or slightly lower for the CEF). Together with the lower turnover ratio of CEFs, this is

consistent with the hypothesis that CEFs are holding less liquid assets than OEFs (and

earning compensation for it). Jain, Xia, and Wu (2004) find evidence that the discount on

foreign equity CEFs is lower when illiquidity in the home market, where the underlying assets

are traded, rises relative to that in the host market, where the CEF trades. Gemmill and

Thomas (2002) find that, while U.K. CEFs are predominantly owned by institutions, their

discount relative to NAV is negatively correlated with the proportion of individual investor

ownership, consistent with the fact that the liquidity benefits provided by a CEF are more

valuable to small investors.

Sources of Illiquidity There are several potential reasons why an investor might face

high illiquidity costs on trading an asset. In particular, these costs might be compensation

for asymmetric information or clearing costs. There is much evidence that many of the costs

of illiquidity are related to clearing costs rather than asymmetric information. For example,

Longstaff (2004) compares Treasury securities with bonds issued by a government agency

(Refcorp) that are both backed by Treasury securities and guaranteed by the government.

He finds that the (more liquid) Treasury securities trade at a significant premium. Similarly,

Dimson and Hanke (2004) compare prices and returns on an equity index with those on a

set of equity index-linked bonds that provide the same payoff, and find that the (less liquid)

bonds sell at a discount relative to the index. Green, Hollifield, and Schürhoff (2004) find

that bid-ask spreads for small trades in municipal bonds are much larger than for large

trades, the exact opposite of what we would expect if the spreads were primarily driven

by asymmetric information, but consistent with the idea that market makers can exploit

their market power relative to small, but not large, investors.24 The fact that so much of

these assets’ illiquidity is driven purely by the trading mechanism, rather than asymmetric

23The average size of the equity offerings in the CEF and control group was roughly the same.
24See, for example, Duffie, Gârleanu, and Pedersen (2004).
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information, lends supports to the idea that these costs could be reduced merely by changing

the trading mechanism.25

While our focus is on the non-asymmetric information component of liquidity costs, asym-

metric information can also provide a rationale for the pooling of assets (see Glaeser and

Kallal (1997) and DeMarzo (2005)), and explain the presence of liquidity costs (e.g., Eisfeldt

(2004)). However, it is not clear that this can explain why illiquid assets are preferentially

pooled as a closed- rather than open-end fund. Moreover, it is less likely that asymmetric

information plays an important role in the illiquidity of federal, state and municipal gov-

ernment bond. Funds specializing in these sectors dominate the CEF universe in terms of

market value.

CEFs vs. OEFs The idea that liquidity might play a role in explaining features of the fund

management industry is not new. For example, Edelen (1999) suggests out that we may see

low returns on OEFs not because their managers are poor, but because these funds provide

cheap liquidity to investors.26 Chordia (1996) suggests that the different fee structures used

by different OEFs can be explained as a way of separating investors with differing liquidity

needs.27 Nanda, Narayanan, and Warther (2000) extends this idea to a world in which

managers have varying levels of ability, and the fee level is set endogenously. Aragon (2004)

describes a similar motivation for the lockup provisions imposed by most hedge funds, which

prevent investors’ from withdrawing funds within some period after their initial investment.

It is important to note that, even though imposing loads on open-end funds may help

to mitigate some liquidity concerns, there are some significant advantages to investing via

CEFs instead. First, OEFs that invest in very illiquid securities are still potentially subject

to the possibility of a bank run.28 If investors believe that other investors are about to sell

their holdings, they may decide to sell in advance, to avoid having to bear their share of

the costs of others’ trading, in turn making these beliefs self-fulfilling. In contrast, since the

underlying assets never change hands, no matter how often investors in the CEF trade, CEF

investors and managers never have to worry about the possibility of a bank-run, even in the

absence of loads.

Second, even if it is possible to separate investors by their liquidity needs using different

25There are other examples where changing the trading mechanism for an asset can significantly affect
its liquidity. For example, O’Hara (2004) comments that “. . . the introduction of EBay has transformed the
trading of hitherto illiquid assets (such as antique clocks) by providing a venue for buyers and sellers to
meet electronically. This new microstructure has thus enhanced the liquidity of the market, and with it the
desirability of holding these assets.”

26He estimates that liquidity motivated trades result in losses to OEFs of 1.5–2% annually.
27Investors who expect to redeem their investments in the near future choose a high-load fund, while

investors with shorter horizons prefer a no-load fund.
28See Diamond and Dybvig (1983).
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fee structures in an OEF, the effect of adding large loads is to increase the illiquidity of the

fund shares, undermining their ability to provide liquidity benefits to investors. The end

result is that highly illiquid securities are held by long horizon and/or low cost investors,

and highly liquid securities are held by short horizon and/or high cost investors, exactly the

same as when they purchase securities directly.29 Since CEF shares are more liquid than the

securities they hold, CEFs provide a way for short horizon/high cost investors to invest in

illiquid securities, providing an important reason for their existence, even in the presence of

OEFs.

4 The Model

Overall, the discussion in the preceding sections builds a persuasive case that CEFs could,

in principle, provide small investors with relatively liquid access to what otherwise would

be illiquid assets. Whether such an explanation can generate the magnitude of observed

discounts and premia, or their dynamics over time, in the presence of managerial costs and

the mean-reversion in liquidity premia, is a question than can only be answered with a formal

model, which we develop here.

The model is based on a tradeoff between the liquidity benefits of a CEF, described

above, and the fees charged by management. The intuition is simple: Investors can choose

to buy illiquid assets directly, incurring costs if they need to sell, or may buy indirectly via

a closed-end fund. In the latter case, they can sell their CEF shares to another investor

without the underlying assets needing to be sold, thus avoiding the illiquidity costs. In the

absence of fees, they will thus be willing to pay more for the CEF shares than they would pay

for the underlying assets purchased directly. Whether the fund trades overall at a discount

or a premium to its NAV depends on whether or not these liquidity benefits outweigh the

fees paid to the managers of the fund.

We first describe the basic framework, in which the underlying asset and CEF are each

assumed to pay out a continuous dividend. In Section 4.1, we solve the model assuming the

liquidity premium on the underlying asset to be constant. This allows us to derive simple

expressions for the value of the CEF, the NAV of the underlying assets, and the discount.

However, since there are no shocks to liquidity, the discount does not vary over time, and

there is no reason for CEFs to enter the market – they are assumed to have come into

existence at some prior date.

In Section 4.2, we allow the liquidity premium to vary over time, as in, say, Acharya

29This is the prediction of models such as Amihud and Mendelson (1986).
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and Pedersen (2004), and also allow for dynamic IPOs by new funds.30 The IPO process

has important implications for the equilibrium behavior of the liquidity premium on the

underlying asset. As soon as the liquidity premium reaches a particular value (determined

endogenously in equilibrium), new funds enter the market via an IPO, putting downward

pressure on the liquidity premium. This downward pressure is modeled via a linear relation

between the liquidity premium and the supply of illiquid assets, motivated by a simple

equilibrium model in Appendix A. The equilibrium effect of these IPOs by new funds is to

impose an upper reflecting boundary on the liquidity premium process (which also determines

how common it would be to see funds trading at a large discount than at a large premium).31

Assume the assets in a CEF pay a dividend flow, Ct, per unit time, whose risk-adjusted

growth follows a continuous-time random walk process:

dCt

Ct
= g dt + σC dZt.

Assume that risk-adjusted cash flows are discounted at the rate r + ρt each period, where r

is a constant risk free rate and ρt is a (potentially time-varying) liquidity premium that is

uncorrelated with the growth rate of dividends. The fund’s net asset value at time t, NAVt,

is equal to the expected value of all future gross dividends, discounted at the risk-free plus

the liquidity premium, i.e.

NAVt = Et

[ ∫ ∞

t

Ct′e
− R t′

t
(r+ρt′′ )dt′′dt′

]
, (1)

= CtEt

[ ∫ ∞

t

e−
R t′
t

(r−g+ρt′′ )dt′′dt′
]
, (2)

where the second equality is a result of our assumption that changes in the liquidity premium

are uncorrelated with shocks to Ct.

In assessing the market value of the fund, Pt, and its potential deviation from the NAV,

we will make use of the following assumptions:

1. We assume that, unlike the underlying assets, the CEF is perfectly liquid, so share-

holders do not require a liquidity premium on the CEF, discounting cash flows from

the fund’s investments at the (lower) rate r.

2. Shareholders do not receive all of the cash flows from the fund, since, as long as the

fund is in existence, the management receive a fraction k of the fund’s cash flows.32

30Our model is also related to Dixit (1989).
31This agrees with the intuition in Gemmill and Thomas (2002), who state (page 2575) that “The lower

bound to the discount . . . [a]rises from the relative ease with which new funds can be issued.”
32In practice, CEFs pay managers a constant proportion of NAV. Our fee assumption is made for analytic
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3. Shareholders can force the liquidation of a fund at a cost, K×NAVt, thereby receiving

the current value of the assets (i.e., NAVt). This cost reflects both physical expenses

as well as less tangible agency costs (e.g., the cost of overcoming a free-rider problem

if the fund shares are dispersed). Since we will assume that K is sufficiently large to

deter investors from forcing liquidation in equilibrium, discussion of the liquidation

option is only included here for the sake of completeness.

4. New CEFs can enter at a cost u × NAVt paid to an underwriter.

5. The management, liquidation and underwriting fees are the same across all funds. In

particular, the management fee cannot be renegotiated. This essentially characterizes

the labor market for CEF managers and underwriters. Specifically, we are assuming

that anyone who can manage or underwrite a CEF will exhibit the same reservation

wage or outside opportunities, and that, subject to this wage, the labor market is

perfectly competitive. We note that this assumption is consistent with the absence of

heterogeneous skill in the managerial labor market and that relaxing this assumption

entails consideration of a model such as the one explored in Berk and Stanton (2004).33

Given these assumptions, the value of the fund is the present value of the fund’s cash

flows discounted by r, added to the present value of proceeds from liquidating the fund at

some future date, τ :

Pt = Et

[ ∫ τ

t

(1 − k)Ct′e
− R t′

t rdt′′dt′
]

+ (1 − K)Et[e
−rτNAVτ ]

= Ct(1 − k)Et

[ ∫ τ

t

e−(r−g)t′dt′
]

+ (1 − K)Et[e
−rτNAVτ ]. (3)

The optimal stopping time at which shareholders exercise their option to liquidate the fund,

τ , maximizes shareholders’ cash flows and is therefore generally stochastic. A valuation

of the fund consists of finding the optimal tradeoff between the value of liquidity service

provided by the manager, the cost of management, and the option value of terminating the

fund. In the ensuing analysis we calculate this tradeoff and later turn to the problem faced

by managers when they decide whether to offer a fund to the market.

convenience, and reduces to the observed practice when ρt is constant. All of our results could be rederived
assuming fees to be a constant proportion of NAV, though the resulting expressions would be substantially
more cumbersome.

33We note that managing a portfolio of illiquid assets entails skill, albeit, not necessarily ‘stock-picking’ or
‘market-timing’ skill. For instance, the manager will have to possess detailed institutional knowledge and/or
industry relationships in order to minimize the transaction costs when trading in the underlying. Moreover,
trading in the underlying is generally unavoidable (e.g., a bond fund might replace maturing securities) and
their tax treatment is often complicated.
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4.1 Constant Liquidity Premium

In this case, the NAV reduces to the expression

NAVt =
Ct

r + ρ − g
.

If the CEF can never be liquidated the value of the CEF to shareholders is given by

Pt = Et

[ ∫ ∞

t

(1 − k)Ct′e
− R t′

t rdt′′dt′
]
,

= Ct(1 − k)Et

[ ∫ ∞

t

e−(r−g)t′dt′
]
,

=
Ct

r − g
(1 − k). (4)

If there is an option to liquidate, it is exercised if and only if

1

r − g
(1 − k) <

1

r − g + ρ
(1 − K).

Suppose therefore that 1
r−g

(1− k) > 1
r−g+ρ

(1−K), so that the fund is never liquidated once

it is in existence, and its value is given by (4) (note that K ≥ k is sufficient to ensure this).

Since the manager receives k of the asset dividends, the value of her claim is

Mt =
k

1 − k
Pt,

=
Ct

r − g
k. (5)

I.e., she effectively owns a portion k of the underlying assets, and the relative ownerships of

the manager and shareholder in the fund are in the ratio k : 1 − k. If this ratio is too large,

the fund is immediately liquidated at the cost of K.

The fund discount, Dt, is given by

Dt ≡ NAVt − Pt

NAVt

=
k(r + ρ − g) − ρ

r − g

When ρ = 0, this is equivalent to results obtained by Gemmill and Thomas (2002) and Ross

(2002a). If ρ is non-zero, the fund trades at a (constant) discount or premium, depending

on whether ρ
r−g

, the capitalized liquidity savings, is smaller or larger than k
1−k

, the relative

ownership of the manager in the fund’s assets.34 Thus, as noted earlier, the discount reflects

34This result for ρ �= 0 was first obtained by Cherkes (2003b).
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a tradeoff between the liquidity benefits of organizing the fund versus the loss of ownership

in the underlying asset.

If the fund always trades at a discount then there is no a priori reason for organizing the

fund. On the other hand, CEFs frequently trade at a premium relative to their NAV. From

this, it should be clear that an appropriate valuation model requires time variation in the

fundamentals of the fund.

4.2 Time-Varying Liquidity Premium

Time variation in the liquidity premium can lead to discounts or premiums relative to NAV.

If the liquidity premium becomes too high, existing CEFs will trade at a premium, and

new CEFs will enter the market, thereby effectively decreasing the liquidity premium on the

underlying asset (equivalently, the underlying increases in value). New entry will continue

until the liquidity premium falls below an (endogenously determined) threshold. To model

this in an equilibrium, we make the following assumptions:

1. There is a continuum, xt ∈ [0, 1], of existing CEFs at any particular point in time

corresponding to the proportion of the underlying asset currently managed by CEFs.

In other words, if the total supply of the underlying asset at date t is one, then the

supply of asset in illiquid form is 1 − xt.

2. The liquidity premium on the underlying is ρt = ρf
t (1 − xt), where

dρf
t

ρf
t

= µ dt + σ dWt.

3. CEFs enter and exit as infinitesimal units.

The second assumption models a linear relation between CEF numbers and the liquidity

premium (the functional form chosen for tractability). A simple equilibrium model in which

this relation holds is described in Appendix A. This is similar to the justification of price-

demand relations, such as P ∝ Qα, where α < 0, often used in equilibrium models of

production (see, for example, Grenadier (2002)). The intuition is that, as closed-end funds

own more of the asset, more and more high-cost investors are able to buy the asset indirectly,

so the illiquidity cost faced by the marginal direct investor in the underlying asset falls,

lowering the required liquidity premium. The third assumption guarantees that CEFs are

homogeneous and non-strategic entities. These assumptions lead to the following:

Let k be the management fee, K the fund liquidation cost, u the underwriter fee, r the

risk-free rate, and g the risk-adjusted growth rate of the CEF.
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Theorem 1. Assume K ≥ k and that ρ follows the reflected Brownian motion process

dρt

ρt
= µ dt + σ dWt, ρt ∈ [0, ρ̄].

Then the values for the NAV and CEF are given by

P (ρt)

Ct

=
1 − k

r − g
, (6)

V̂ (ρt) ≡ NAV(ρt)

Ct

,

=
4

σ2
U+(ρt)

(∫ ρ̄

ρ

ρ′ 2µ

σ2 −2U−(ρ′)dρ′ − U ′
−(ρ̄)

U ′
+(ρ̄)

∫ ρ̄

0

ρ′ 2µ

σ2 −2U+(ρ′)dρ′
)

+

4

σ2
U−(ρ)

∫ ρ

0

ρ′ 2µ

σ2 −2U+(ρ′)dρ′, (7)

where

U+(ρ) = ρ
1
2
− µ

σ2 I
(√(

1 − 2µ

σ2

)2
+ 8

r − g

σ2
,

√
8ρ

σ2

)
,

U−(ρ) = ρ
1
2
− µ

σ2 K
(√(

1 − 2µ

σ2

)2
+ 8

r − g

σ2
,

√
8ρ

σ2

)
,

and I(ν, y) and K(ν, y) are the modified Bessel functions of the first and second kind, re-

spectively.

Proof: See Appendix B.

Theorem 2. Assume r > g, K ≥ k, µ
σ2 > 1, and that one of k and u is strictly positive.

Then there exists a unique threshold ρ̄ > 0 determined as the solution to the equation

1 − k

r − g
= V̂ (ρ̄)(1 + u). (8)

and characterizing an equilibrium in which

ρt = ρ̄
ρf

t

sf
t

, sf
t ≡ max{ρ̄, sup

τ≤t
ρf

t }. (9)

Furthermore,

1 − xt =
ρ̄

sf
t

and the probability of becoming managed by CEFs for an arbitrary portion, ∆, of the 1 − xt
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supply of illiquid asset not yet under CEF management is

−ρ̄
∆

1 − xt
d

1

sf
t

Proof: See Appendix C.

Note that no CEFs enter when ρt < ρ̄. Moreover, because 1− xt is a decreasing process,

the amount of illiquid asset under CEF management increases progressively. Although this

may sseem bizarre, the model can be readily re-interpreted so as to do away with this peculiar

feature. Specifically, nothing changes materially if one writes ρf
t = ρf,1

t Qt, where ρf,1
t is a

standard Brownian motion process and Qt a reflected Brownian motion process in [0, 1
1−xt

];

one can now interpret ρf,1
t as the liquidity premium in the absence of CEFs, and Qt(1 − xt)

as the supply of the illiquid asset in the market. The process, Qt corresponds to random

(i.e., non-strategic) fluctuations in the supply of the underlying (e.g., more illiquid bonds are

issues, or some are retired). In particular, the supply of illiquid asset is no longer a weakly

decreasing function.

5 Calibration of the Model

Theorems 1 and 2 gives NAV and CEF values for different values of the underlying param-

eters. In this section, we calibrate the model to show that it can generate CEF behavior

that looks like that observed in practice, as well as to gain a more detailed insight into the

implications of the model.

In calibrating the model, we pick parameters to match the following moments:

• Annual management fee approximately 1% of NAV.35

• Average discount 10%.36

• Premium at IPO = 7%.37

Table 2 summarizes the final choice of parameters:

With these parameter values, the median liquidity premium, ρ is 0.00446. Figure 1 shows

the NAV and the CEF value, as a multiple of the current cash flow, Ct (i.e. the inverse of

the implied dividend yield) for different values of ρ. Figure 2 shows the CEF discount. As

expected, for low values of ρ, the CEF trades at a discount, but the discount disappears

35According to Lee, Shleifer, and Thaler (1990), annual management fees typically range between 0.5%
and 2% of NAV. Cherkes (2003a) finds that CEFs charge an average of 1% of NAV.

36See, for example, Investment Companies Yearbook 2001, pp. 31–32.
37See, for example, Weiss Hanley, Lee, and Seguin (1996).
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Variable Symbol Value
Manager’s fee / Ct k 0.23
Volatility of cash flows σC 0.3
Correlation between C and ρ ρ 0
Volatility of ρ process σρ 0.1
Drift of ρ process µρ 0.009
Risk neutral interest rate less growth rate r − g 0.035
Underwriter’s fee u 0.07.

Table 2: Parameter Values

when ρ reaches about 1.1%, and the fund trades at a premium for higher values of ρ. The

mean value of the discount is 9.95%, and the median discount is 11.76%.

NAV/C
CEF/C

 

21

22

23

24

25

26

27

0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016
rho

Figure 1: NAV vs. CEF value. The black line shows the NAV, as a multiple of the
current cash flow, Ct for different values of the liquidity premium, ρ. The grey line shows
the corresponding CEF value. All parameter values are equal to those given in Table 2.

Figure 3 shows the manager’s fee as a fraction of the fund’s NAV. This increases sig-

nificantly as ρ increases, averaging approximately 1%. Figure 4 shows the steady-state

distribution of ρ corresponding to the parameter values in Table 2. Most of the time, ρ takes

on small values (corresponding to the fund trading at a discount), but there is a significant

probability of getting up to the upper bound, ρ̄ (equal to 1.78%). Finally, Figure 5 shows
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Figure 2: Discount vs. ρ. The graph shows the closed-end fund discount as a function of
the liquidity premium, ρ. All parameter values are equal to those given in Table 2.

the probability that ρ will shrink from its IPO value (ρ̄) by a fraction x within T years of

the IPO. The three lines correspond to T = 1, 4 and 7 years, and it can be seen that there is

significant mean-reversion in ρ, corresponding to significant mean-reversion in the discount,

as documented by Sharpe and Sosin (1975).

6 IPO Behavior

One of the most puzzling facts about CEFs is why any investors are willing to buy new

funds at a premium at their IPO, knowing that they will later trade at a discount. This fact

has led most authors to conclude that investor irrationality is the only possible explanation.

For example, Lee et al. (1991) observe that “it seems necessary to introduce some type of

irrational investor to be able to explain why anyone buys the fund shares at the start . . . ”,

Pontiff (1996) concludes that “Pricing theories that are based on fundamentals have had

very little, if any, ability to explain discounts,” and Chay and Trzcinka (1999) conclude

that, “The investor sentiment hypothesis of the formation of closed-end funds appears to be

the only plausible explanation for the initial public offering (see Lee, Shleifer, and Thaler

(1991)).”
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Figure 3: Manager’s position as a fraction of NAV. The graph shows the manager’s
annual fee as a fraction of NAV, for different values of the liquidity parameter, ρ. All
parameter values are equal to those given in Table 2.
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Figure 4: Steady state distribution of the liquidity parameter, ρ.. The graph shows
the steady-state distribution of the liquidity premium, ρ. All parameter values are equal to
those given in Table 2.
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Figure 5: Mean reversion in liquidity. The graph shows the probability that ρ will shrink
from its IPO value (ρ̄) by a fraction x within T years of the IPO. The three lines correspond
to T = 1, 4 and 7 years. All parameter values are equal to those given in Table 2.
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Our model makes some very strong predictions for the behavior of the discount at the

fund’s IPO. In particular, IPOs occur in our model only when liquidity premia are high,

and funds (both new and existing) are trading at a premium. By the nature of the reflected

process followed by the liquidity premium, investors definitely expect the fund to fall to a

discount over time, but they invest nevertheless, since they still earn a fair expected return

(since the return on the CEF is a combination of the above-market NAV return and the

change in the premium).

6.1 Premia on Existing Funds at time of new IPO

The model makes an important prediction about discounts and premia at the time of a

fund’s IPO that is, at first sight, apparently counterfactual. If the liquidity premium for

an asset is high enough that it makes sense for new funds to come into the market via an

IPO, the liquidity premium will simultaneously be high for existing funds in the same sector

(since it is a function of the underlying asset). Thus, the model predicts that, at the time

of a fund’s IPO, not only will it trade at a premium, but so will existing funds in the same

sector. This seems to be completely at odds with the results of prior research. For example,

Lee, Shleifer, and Thaler (1991) note that 17 new CEFs were introduced in 1986, while, at

the same time, existing funds were trading at an average discount of 5%, and conclude that

“. . . the fact that investors pay a premium for the new funds (at IPO) when existing funds

trade at a discount is the first part of the puzzle to be explained.”

Not only is this at odds with what our model suggests, but it seems to be a puzzle

that is very difficult to explain rationally.38 If a seasoned CEF exists, and is trading at a

discount, why would a rational, fully informed, investor choose, instead, to pay a premium to

buy a new (but otherwise identical) fund at its IPO? Weiss Hanley, Lee, and Seguin (1996)

(page 130) conclude that “. . . the $1.3B in underwriting fees were an expensive tribute to

the informational disadvantage (or irrationality) of small investors.”

The arguments we have used earlier in this paper to explain why a fund need not trade at

its NAV cannot apply here, since the differences that exist between a fund and its underlying

asset, and that we have used to explain the existence of discounts/premia, do not exist

between a new and a seasoned fund owning the same underlying asset.39

38Though it is not impossible – In the model of Berk and Stanton (2004), new funds trade at a premium
because investors believe the managers have high ability. Old funds tend to trade at a discount because,
over time, good managers get pay raises, while bad managers become entrenched, earning more than they
are worth.

39One other possible difference is the existence of overhanging tax liabilities, but we already know from
prior authors including Malkiel (1977), Brickley, Manaster, and Schallheim (1991), Kim (1994) and DeLong
and Shleifer (1992) that tax liabilities can explain at most a small fraction of the discount on CEFs.
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The resolution of this puzzle turns out to be quite simple. The supposed facts on which

the puzzle is based are not, in fact, true. Lee, Shleifer, and Thaler (1991) are reporting

results based on incorrectly aggregating data on CEFs of different types. When they compare

premia on new funds with discounts on existing funds, they are not comparing equivalent

funds. As our model would predict, IPOs of new funds tend to cluster in narrowly defined

asset classes.40 This can clearly be seen in Table 1, which shows the number of IPOs by sector

from 1986–2000. The average discount of 5% on seasoned funds quoted by Lee, Shleifer, and

Thaler (1991) is an average across CEFs of all types, not the average across CEFs of the

same type as the CEFs currently going through the IPO process.

To perform a more valid comparison, we examined the discounts surrounding CEF IPOs

in several different sectors. Figure 6 shows the number of IPOs per year in government

bond CEFs from 1986 – 1999. On the same graph is plotted the average premium on existing

government bond CEFs during the preceding 12 months.41 The similarity between the two

graphs is striking. IPOs occur only during years in which seasoned funds are trading at a

premium. This pattern does not only hold for government bond funds. The same pattern

exists for high yield bond funds (Figure 7), income funds investing in stocks (Figure 8),

national muni funds (Figure 9), and single state muni funds specializing in CA, FL, NJ and

NY (Figure 10). We see exactly the same pattern in each of these graphs. The two lines

in each graph track each other closely, and new IPOs occur only when existing funds are

trading at a premium, exactly as our model predicts.42 While there seem at first sight to

be some exceptions, these turn out to be all due to the use of annually aggregated data for

the average discounts/premia. For example, looking at figure 10, it looks like there was an

IPO of a CA muni fund in 1997 even though CA muni funds were trading at a discount the

prior year. Figure 11 looks at this in more detail, showing the weekly discount on CA muni

funds in the weeks leading up to the IPO of the MuniHoldings (Ca) Fund on 9/16/97. It can

be clearly seen that, at the time of the IPO, CA funds were, in fact, trading at a premium.

When existing funds are currently trading at a premium, investors are indifferent between

paying the IPO fee to buy a new fund at a premium, and buying existing funds at a (similar)

premium – there is no puzzle to explain!

40If the liquidity premium is currently high on, say, California municipal bonds, but not on equities, we
would expect to see new funds enter that specialize in California munis, but not equities.

41A detailed description of the data and construction of these figures can be found in Cherkes (2003a).
42Exactly the same pattern was observed for REIT equity issuance by Clayton (2003).
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Year 1988 1989 1990 1991 1992 1993 1994 1995 1996
Av. Discount 0.034 0.020 -0.024 0.001 0.019 0.021 -0.018 -0.037 -0.032

Table 3: Weighted average premium on all CEFs IPOd during the period studied by
Weiss Hanley, Lee, and Seguin (1996).

6.2 Speed of Reversion to Discount

It is a widely cited “fact” that CEFs fall from a premium to a discount of around 10% within

120 days of their IPO. For example, Lee, Shleifer, and Thaler (1990) say (page 154), “Weiss

(1989), for example, found that from 1985 to 1987, 20 days after the initial offering, US

stock funds traded at an average premium of almost 5 percent. However, 120 days after the

initial offering, these funds sold for an average discount of over 10 percent . . . . So, puzzle

one: Why does anyone buy these funds when they are first issued?” Similarly, Weiss Hanley,

Lee, and Seguin (1996) report the “typical fund losing 8% 100 days after the IPO.”

With the calibrated values above, while our model predicts that CEFs should fall from

a premium to a discount after an IPO, this fall does not occur within 120 days. Instead, it

takes several years on average. It would be very hard to calibrate our model to generate a

predictable drop from premium to 10% discount in 120 days. A fall of this speed can only be

caused by extremely rapid mean-reversion in the liquidity premium, but this in turn makes

it impossible for the model to generate both premia and large discounts, since the current

level of the premium only has an impact over the very near term.43

As for the behavior of existing funds, it turns out that the 120 day drop is not a fact that

is true of CEFs in general. The first suggestion that rapid reversion to discount may not be

the norm comes from a reexamination of Figures 6–10. It is clear here that premia in most

sectors tend to last for years, not months, although the premia shown here are the average

premia/discount, not explicitly those on newly public funds.

To investigate this more closely, Table 3 shows the average premium/discount by year

on all funds issued during the period studied by Weiss Hanley, Lee, and Seguin (1996).

They report the “typical fund losing 8% 100 days after the IPO,” but this number is not

adjusted for the performance of the underlying assets. Table 3 shows that, while CEFs to

drop from a premium to a discount, the drop is small and occurs gradually, over a period of

several years. To see this in more detail, we constructed a value-weighted portfolio for all

bond CEFs introduced during the Weiss (1989) sample period.44 Table 4 shows the average

premium/discount on this portfolio. It is close to zero. We repeated the same exercise for

43The same argument will hold for any rational model, whatever the exact source of the premium/discount.
The speed of the fall requires a very rapid decay in the impact of the initial conditions, but, in turn, this
makes it very difficult to generate a wide range of possible discounts/premia.

44We found data for 25 Funds out of 27 introduced during the period.
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Year 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Annual average premium 0.06 -0.01 -0.02 0.00 -0.03 0.01 0.04 0.03 0.00 - 0.03

Table 4: Weighted average premium on bond CEFs IPOd during 1987–89

Year 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Annual average premium 0.265 0.069 0.049 -0.037 0.019 0.024 0.018 0.090 0.015 -0.038

Table 5: Weighed average premium on foreign stock CEFs IPOs during 1987–89

Foreign stocks CEFs.45 The weighted average premiums of this portfolio are reported in

Table 5. Again, there is no evidence of a rapid fall from premium to discount. Premia last,

as the model predicts, for several years.

The only group of CEFs for which there is evidence of a rapid fall from premium to

discount is Domestic Equity CEFs issued between 1985–87. The total number of domestic

equity funds studied by Weiss (1989), the source of the 120 day fall, is 22. This is a tiny

fraction of the CEF universe, so the explanation could just be sample selection bias – with

a large sample, an econometrician who looks at enough subsamples can eventually find one

that produces “significant” t-statistics even in the absence of any true effect.46 Even if we

accept that the 120 day fall really was true for these diversified equity CEFs, this is a sector

of the market that has essentially ceased to exist. New IPOs after 1990 were few, and only

in highly specialized fields.

The overall conclusion is that, while CEFs are issued at a premium and later fall (pre-

dictably) to a discount, this fall is, in general, nowhere near as rapid as the literature has

previously believed, and more in line with the speeds predicted by our model.

7 Conclusions

This paper develops a rational, liquidity-based model of closed-end funds (CEFs) that pro-

vides a simple economic explanation for the existence of closed-end funds: Since investors

can sell their CEF shares without the underlying assets changing hands, there are cost sav-

ings to buying illiquid assets indirectly, via a CEF, rather than directly (or via an OEF). In

our model, a CEF may trade at either a discount or a premium, depending on the size of

the manager’s fees relative to the liquidity benefits of the fund. The model makes several

predictions for IPO patterns and the behavior of the discount, all of which match what is

45Weiss (1989) had 15 Foreign stocks CEFs in her sample. We located data for 13 of them.
46For further discussion of the effects of “data-snooping” on the results of statistical tests, see Lo and

MacKinlay (1990), Foster, Smith, and Whaley (1997), Sullivan, Timmermann, and White (1999) and Sulli-
van, Timmermann, and White (2001).
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observed in the data. In particular, IPOs occur in waves in particular sectors at a time,

funds are issued at a premium, and they trade, on average, at a discount. The model also

predicts that, at the time of an IPO, existing funds in the same sector ought to be trading at

a premium. This differs sharply from the conventional wisdom about CEFs, which says that

existing funds at the time of an IPO trade at a discount. However, a more careful analysis

of the data shows that the model’s predictions are correct, and the conventional wisdom

wrong.
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Figure 6: IPO patterns in Government bond funds (income). The dashed line shows
the number of government bond fund IPOs per year, and the solid line shows the average
premium on existing funds during the preceding 12 months.
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Figure 7: IPO patterns in high-yield bond funds. The dashed line shows the number
of high-yield bond fund IPOs per year, and the solid line shows the average premium on
existing funds during the preceding 12 months.
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Stock Funds (Income)
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Figure 8: IPO patterns in stock funds (income). The dashed line shows the number of
stock fund IPOs per year, and the solid line shows the average premium on existing funds
during the preceding 12 months.
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Figure 9: IPO patterns in national muni funds. The dashed line shows the number of
national muni fund IPOs per year, and the solid line shows the average premium on existing
funds during the preceding 12 months.
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New Jersey Muni Funds
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New York Muni Funds
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Figure 10: IPO patterns in muni funds. The dashed line in each subfigure shows the
number of single state muni fund IPOs per year, and the solid line shows the average premium
on existing funds during the preceding 12 months.
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A A Simple Equilibrium Model of Liquidity

This section motivates, via a simple equilibrium model, the linear relation between the

liquidity premium and the proportion of the underlying asset held by CEFs assumed in

Section 4.

The Economy Consider a multi-period economy populated by risk-neutral agents who

live for only a single period. Individuals are ‘born’ at date t and each is endowed with zt

units of consumable cash which can either be invested in an illiquid security or left to grow

at a risk-free rate, r. At date t+1 each agent sells his shares of the illiquid security (possibly

incurring liquidity costs) to agents born at date t + 1, consumes his wealth and perishes.

The total supply of the illiquid asset, St, can vary with time through some unspecified

mechanism.47

Suppose one unit of the illiquid asset is bought by agent i at date t for Vt. At time t + 1

the asset pays a cash dividend Ct+1, and when it is sold by investor i there is a probability λi

that he will be hit by a “liquidity shock” corresponding to a proportional transaction cost,

Hi. This is shown graphically in Figure 12.

Ct+1 + (1 − Hi)Vt+1

Ct+1 + Vt+1

Vt

λi

1 − λi

Figure 12: Payoffs from holding the illiquid asset

When choosing how to invest her endowment when she is born at date t, we assume

investor i maximizes the expected wealth after liquidating her portfolio at date t + 1. Thus

agent i’s primary consideration at date t is whether her expected return from the illiquid

47E.g., some individuals born at date t might perish with their portfolio before reaching date t + 1, thus
effectively reducing the supply of the illiquid asset at date t + 1. Alternatively, there are some agents who
are extremely risk-averse and born endowed with units of the illiquid asset; they will rid themselves of it
regardless the market price and thus essentially exogenously supply the market with more of the illiquid
asset.
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investment exceeds or is exceeded by the risk-free rate, r. Defining ρi ≡ λiHi and assuming

no short-selling of the illiquid asset, investment can take place if and only if,

Vt ≤ 1

1 + r
Et [Ct+1 + (1 − ρi)Vt+1]

We assume that the distribution of agents born at each date is continuously indexed by their

ρi’s and has the cumulative distribution function, Ft(ρ) with support in R+.48

The Liquidity Premium The economics of the situation dictate that every investor with

ρi ≤ ρM
t invests as much of their wealth as they can, where ρM

t is defined by

Vt =
1

1 + r
Et

[
Ct+1 + (1 − ρM

t )Vt+1

]
. (10)

Thus the liquidity premium should be identified with ρM
t and corresponds to the expected

transaction costs of the marginal investor.49 Moreover, the following clearing condition holds:

St = ntFt(ρ
M
t ), (11)

where nt is the number of shares bought by each individual electing to invest. If share

purchases are unconstrained, it must be that nt = zt/Vt — i.e., each investor who finds it

worthwhile to invest, places all of her wealth in the illiquid asset. In this case, ρM
t solves the

complicated non-linear equation,

St

1 + r
Et

[
Ct+1 + (1 − ρM

t )Vt+1

]
= ztFt(ρ

M
t ),

with knowledge of Vt+1 presumed through, say, backward induction. Note that ρM
t will be

increasing in St, although the precise dependence will generally be complicated and involve

the forward looking term, Et[Vt+1].

If investors are risk averse, then nt = zt/Vt is no longer be true since investors will

generally not place all their wealth in the illiquid asset. In order to keep to this intuition yet

maintain the tractability of risk-neutrality, one can assume that each investor may hold no

48There is ample empirical support for heterogeneity in trading costs. For example, Harris and Piwowar
(2004) (page 1) find that “effective spreads in municipal bonds average about 2% of price for retail size
trades of $20,000, and about 1% of price for institutional size trades of $200,000.”

49Eqn. (2) can be derived from (10) in a continuous-time limit by letting ρM
t → ρtdt, r → r dt and

Ct+1 → Ct+1 dt.
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more than a single unit of the illiquid asset.50 Under this assumption,

St = Ft(ρ
M
t ).

One first solves for ρM
t and then uses this to solve for Vt in (10). Recall that our purpose

is to justify a model in which the liquidity premium is proportional to the supply of the

asset. Under the assumption that nt = 1, this easily follows if Ft(ρ) is linear. If Ft(ρ) = Atρ,

corresponding to time variation in the distribution of individual transaction costs, then ρM
t

will vary in time even if the supply of the illiquid asset is constant. The model for ρt

specified in Section 4 captures the time variation in both the supply of the illiquid asset

through St ≡ 1 − xt, and the distribution of individual transaction costs through At ≡ 1

ρf
t

.

B Proof of Theorem 1

There are two regions to consider:

R1 : xt = 0, ρt ∈ [0, ρ̄]

R2 : xt ∈ (0, 1], ρt ∈ [0, ρ̄]

Although there are two state variables, given the CEF strategies and strictly inside any

one of the regions, there is only a single effective state variable – specifically, ρt. The

differential equation satisfied by V̂ ≡ NAVt

Ct
strictly inside each of these regions is given by

0 =
σ2ρ2

2
V̂ρρ + µρV̂ρ − (ρ + r − g)V̂ + 1.

The homogeneous solution to this differential equation is

αU+(ρ) + βU−(ρ)),

where

U+(ρ) = ρ
1
2
− µ

σ2 I
(√(

1 − 2µ

σ2

)2
+ 8

r − g

σ2
,

√
8ρ

σ2

)
,

and

U−(ρ) = ρ
1
2
− µ

σ2 K
(√(

1 − 2µ

σ2

)2
+ 8

r − g

σ2
,

√
8ρ

σ2

)
.

50Alternatively, one can view r in (10) as a risk-adjusted rate that makes the marginal agent indifferent
to holding one unit of the illiquid asset, and assume that individuals with ρi ≤ ρM

t have the precise level of
risk aversion to make it optimal for them to hold exactly one unit of the illiquid asset.
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I(ν, y) and K(ν, y) are the modified Bessel functions of the first and second kind, respectively.

U+ increases, while U− decreases, in its argument. Moreover, U− is singular at the origin.

The constants α and β are determined by the boundary conditions on the problem. The fact

that the Wronskian, W (K(ν, y), I(ν, y)) = 1
y
, can be used to show that the Green’s Function

associated with the homogeneous differential equation is

G(ρ, ρ′) =

⎧⎨
⎩

4
σ2 U+(ρ)ρ′ 2µ

σ2 −2U−(ρ′) ρ ≤ ρ′,
4
σ2 U−(ρ)ρ′ 2µ

σ2 −2U+(ρ′) ρ ≥ ρ′.

A particular solution to the differential equation for V̂ is therefore,
∫ ρ̄

0
G(ρ, ρ′)dρ′:

4

σ2
U+(ρ)

∫ ρ̄

ρ

ρ′ 2µ

σ2 −2U−(ρ′)dρ′ +
4

σ2
U−(ρ)

∫ ρ

0

ρ′ 2µ

σ2 −2U+(ρ′)dρ′.

One now adds a solution to the homogeneous differential equation which makes the sum

satisfy appropriate boundary conditions. In other words the general solutions in regions

R1, R2 are respectively

V̂ R1 =
4

σ2
U+(ρ)

(
α1 +

∫ ρ̄

ρ

ρ′ 2µ

σ2 −2U−(ρ′)dρ′
)

+
4

σ2
U−(ρ)

(
β1 +

∫ ρ

0

ρ′ 2µ

σ2 −2U+(ρ′)dρ′
)

V̂ R2 =
4

σ2
U+(ρ)

(
α2 +

∫ ρ̄

ρ

ρ′ 2µ

σ2 −2U−(ρ′)dρ′
)

+
4

σ2
U−(ρ)

(
β2 +

∫ ρ

0

ρ′ 2µ

σ2 −2U+(ρ′)dρ′
)

The following boundary conditions must be imposed in order to ‘paste’ the solutions in the

regions together:

1. Since liquidation of a CEF is assumed to be suboptimal, once xt > 0 it is always

greater than zero and the liquidity premium is perpetually in region R2. Region R2 is

therefore characterized by steady state reflecting boundary conditions at 0 and ρ̄. In

particular, these are given by V̂ R2
ρ (0) = V̂ R2

ρ (ρ̄) = 0 (see Dumas (1991)).

2. Region R1 is characterized by a reflecting boundary at ρ = 0 (i.e., V̂ R1
ρ (0) = 0 and a

value matching condition at ρ = ρ̄ (i.e., V̂ R1(ρ̄) = V̂ R2(ρ̄)).

Implementing these conditions gives the following, under the assumption that µ
σ2 	 1:

β1 = β2 = 0

α1 = α2 = −U ′
−(ρ̄)

U ′
+(ρ̄)

∫ ρ̄

0

ρ′ 2µ

σ2 −2U+(ρ′)dρ′
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Substituting this, one gets

V̂ (ρt) =
4

σ2
U+(ρt)

(∫ ρ̄

ρ

ρ′ 2µ

σ2 −2U−(ρ′)dρ′−U ′
−(ρ̄)

U ′
+(ρ̄)

∫ ρ̄

0

ρ′ 2µ

σ2 −2U+(ρ′)dρ′
)
+

4

σ2
U−(ρ)

∫ ρ

0

ρ′ 2µ

σ2 −2U+(ρ′)dρ′

V̂ (ρt) is monotonically decreasing, and V̂ (0) = 1
r−g

. Moreover, from the asymptotic expan-

sion of the Bessel functions and their integral, V̂ (ρ̄) → 0 as ρ̄ → ∞. Thus the equation

1 − k

r − g
= V̂ (ρ̄)(1 + u)

has a unique solution if at least one of k and u is strictly positive.

C Proof of Theorem 2

Still need to clean up. First note that if K ≥ k then no CEF ever liquidates. Thus one

only needs to worry about the entry of CEFs. Begin by assuming that for some ρ̄ > 0, firms

enter with probability 1

ρf
t +dρf

t

|dρf
t | if dρf

t > 0, xt < 1, and ρt = ρ̄ where ρt ≡ ρf
t (1−xt). Given

this assumption, firms only enter at ρt = ρ̄, and the number of entering firms is 1−xt

ρf
t +dρf

t

|dρf
t |

just enough to ensure ρt is reflected Brownian motion between zero and ρ̄.

In equilibrium, the value of ρ̄ will be the value at which the CEF trades at a premium

exactly equal to the underwriting costs, i.e. ρ̄ solves the equation

1 − k

r − g
= V̂ (ρ̄)(1 + u).
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