
 

 
 
 

Arturo Cifuentes 
 
 

 
 

On the Most Vexing Portfolio 
Diversification Question: How 
to Choose N?

 

www.clapesuc.cl Documento	de	Trabajo	Nº	114	(junio	2022)
	  



On the Most Vexing Portfolio Diversification Question:  

How to Choose N? 

 

Arturo Cifuentes 

Senior Research Associate, CLAPES UC  

Catholic University of Chile, Santiago, Chile  

ac@arturocifuentes.com 

 

Abstract 

This paper is concerned with estimating the minimum number of positions (N) 

required to construct a portfolio that achieves an adequate level of risk reduction 

when compared to holding just one asset of a given universe.  The paper proposes 

a simple but general expression that links the three key variables: (i) the desired 

level of risk reduction; (ii) N; and (iii) the average correlation within the asset class 

considered.  This expression captures both systematic and non-systematic risk and 

makes no assumptions regarding the type of asset class or market conditions.  The 

only assumption is that one can estimate the average correlation of returns for the 

assets considered.  The usefulness and validity of this approach are demonstrated 

with two examples. 
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INTRODUCTION AND MOTIVATION 

The merits of portfolio diversification have been promoted at least since the time 

of the Babylonian Talmud (3rd-6th century).  Initially, the case for diversification 

was based on sound, albeit qualitative, reasoning.  It was only in 1952, when 

Markowitz published his seminal paper, that a solid quantitative argument 

demonstrating the benefits of diversification was articulated (Markowitz, 1952).  

The concept has survived well the test of time and today it is widely accepted as 

one of the bedrocks of modern investment theory.  Yet, for all its theoretical merit, 

there is still a nagging practical matter: there is no agreement in terms of how 

many assets (N in financial lingo) one must hold to achieve an adequate level of 

diversification. 

The fact that the question remains unsettled has not been for lack of trying: more 

than 300 academic studies have been published on this topic (most of them in the 

last twenty years), not to mention the many articles written by market participants 

(see Figure 1 in Zaimovic et al., 2021).  It seems fitting in this context to recall the 

view of the head of research of a well-known financial institution who opined, in 

reference to how to choose N, that “the quest for diversification is never ending” 

(Fragkiskos, 2014).  In fact, as of this writing this quest seems to continue 

unabatedly: a recent study claimed that it is necessary to hold 40-to-50 stocks to 

reduce diversifiable risk effectively, contradicting the traditional view, in the 

authors’ opinion, that 15-to-20 should suffice (Raju and Agarwalla, 2021). 

Notwithstanding the merits of previous studies, they share certain weaknesses.  

First, they have focused on specific markets (e.g., the Malaysian or U.S. stock 

market) instead of tackling the problem from a broader, and thus, more conceptual 

viewpoint.  And second, frequently, they have paid too much attention to the non-

systematic (diversifiable) risk and have neglected to take into consideration 

explicitly the systematic (non-diversifiable) risk.  We speculate that a direct 

consequence of these two shortcomings (a point we discuss in detail later) has been 

the failure to produce an easy-to-use and widely-applicable formula to estimate N 

while accounting for both, systematic and non-systematic risk.  The goal of this 

paper is to propose a formula for this purpose. 

REVIEW OF PREVIOUS WORK 

A recent paper by Zaimovic et al. provides a comprehensive review of the relevant 

literature (Zaimovic et al., 2021).  These authors concluded that what constitutes a 

well-diversified portfolio (in reference to stocks, but the claim can be extended to 



any asset class) does not have a unique answer for it depends on many factors, 

namely, the asset class, the risk appetite of the investor, the time-period 

considered, and the treatment of systematic risk.  Nevertheless, it is useful to 

mention a few studies, just to give a sense of how the treatment of this problem has 

evolved since Markowitz’s 1952 paper.   

In 1977 Elton and Gruber presented both, exact and approximate, analytical 

expressions to calculate the variance of returns of a portfolio of N assets (Elton and 

Gruber, 1977).  They tested their formulas with stock returns data from the 1971-

1974 period.  However, their approach was rather cumbersome and relied on 

expressions based on too many parameters to be of practical use.  Ten years later 

Statman did a study using stocks from the S&P 500 and a CAPM-based model and 

claimed that at least 30 holdings were required to build a well-diversified portfolio 

(Statman, 1987).  This same author argued that his findings challenged the 

accepted view (his opinion) that ten stocks were sufficient.  Later, in 2004, Tang, 

again, derived an expression for the variance of returns of a portfolio of N assets 

(Tang, 2004).  Yet, he focused then on the diversifiable risk and overlooked the 

possibility of finding an expression for N.  He suggested that 20 positions were 

required to eliminate about 95% of the diversifiable risk; correlation was not 

mentioned explicitly in this recommendation.  Shawky and Smith analyzed the 

composition of U.S. mutual funds and concluded that in general they held between 

40 to 120 stocks, presumably, a number adequate to achieve a reasonable level of 

diversification (Shawky and Smith, 2005).  Alexeev and Dungey, looked at 2003-

2011 returns data based on the S&P 500 companies, and decided that ten positions 

were good enough to achieve a 90% risk reduction (Alexeev and Dungey, 2015).  

The year before Zhou voiced a similar opinion (Zhou, 2014).  In 2018, de Jong 

suggested incorporating utility theory into the portfolio diversification conundrum.  

However, she did not demonstrate how this concept could be inserted into a real-

life investment decision (de Jong, 2018).  Habibah et al., analyzing the Pakistani 

stock market, recommended holding 20 securities (Habibah et al., 2018).  Again, 

although they presented an expression for the portfolio variance of returns, they did 

not progress as far as re-working the formula to arrive at an estimate of N.  More 

recently, and somehow surprisingly, a number of authors have taken the expression 

for the variance of portfolio returns as the basis of their analyses, but unfortunately, 

have failed to push it further to arrive at an expression linking N, risk reduction, 

and both systematic and non-systematic risk (Norsiman et al., 2019; Adamiec and 

Cernauskas, 2019; Haensly, 2020).  These authors approached the problem based 



on data from specific markets (Malaysia, S&P 500, and, U.S. Large Cap index) 

and using different techniques arrived at estimates that could be as low as 25 or as 

high as 300 depending on whether systematic risk was considered. 

In summary, most previous studies have focused on estimating the potential risk 

reduction one can achieve (often neglecting systematic risk) in some specific 

market and for a given value of N.  But have ignored the possibility of arriving at a 

general expression for N, that took into account both, systematic and non-

systematic risks, and that could be used with any asset class.   

The following clarification is needed at this point: in recent years the standard 

deviation of returns has been losing popularity as the risk metric of choice and an 

increasing number of practitioners have embraced the VaR and/or the CVaR.  The 

reason is that both, the VaR and the CVaR, capture losses, something more useful 

than volatility in the context of risk management.  Nevertheless, since in this study 

the focus is really relative risk reduction when the comparison is made with a 

portfolio of one asset, instead of estimating absolute losses, we will use the 

standard deviation in what follows.  This is also consistent with the approach taken 

by the majority of the studies already mentioned. 

ANALYTICAL APPROACH 

A more formal statement of the problem is required at this point.  Assume an 

investor has access to a large universe of assets whose returns, and standard 

deviations of returns, are, on average, μ and σ.  Further assume that their 

corresponding correlations, on average, are equal to ρ.  In short, we are assuming 

that three parameters − (μ, σ, ρ) − are sufficient to describe the key features of the 

universe of potential assets.  (Accordingly, the average covariance can be 

expressed as ρ σ2.)  

The problem is: what is the minimum-size portfolio (N) such that this portfolio can 

achieve a reasonable level of diversification?  Reasonable, of course, is an 

undefined term which depends on the investor’s risk profile.  Clearly, if the 

investor holds N assets his/her expected return will still be μ, but the corresponding 

standard deviation (σP), will be lower than σ.  Hence, we seek to estimate how 

much reduction in risk, measured as σP / σ, we can achieve for a given N.  We 

should note that this formulation is valid for any type of asset class, not only 

stocks.  Finally, we assume that the investor will hold an equally-weighted 

portfolio (also known as 1/N portfolio).  This assumption simplifies the exposition 

without losing generality.   



The expression for the variance of returns of the portfolio, VarP, is 
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where σi j denotes the different entries in the variance/covariance matrix.   

After some algebra this expression can be reorganized as follows,  
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or, more succinctly 
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The first term in Eq.[4] represents the non-systematic risk.  The factor A (see 

Eq.[5]), is the average asset variance, which in this case is simply σ2.  The non-

systematic risk clearly becomes negligible if N is large enough.  It is common to 

find in papers dealing with this subject the familiar plot which shows the non-



systematic risk approaching zero asymptotically as N grows (e.g., Solnik, 1974; 

Norsiman, 2019; Haensly, 2020).  

The second term in Eq.[4] represents systematic risk.  Note that 1 – 1/N 

approaches 1 as N grows.  Also notice that the factor B (see Eq.[6]) is the average 

covariance, thus, it can be expressed as ρ σ2.  Hence, an approximate expression 

for VarP is 

𝑉𝑎𝑟𝑃 ≈  (
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which leads to 
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and since we are interested in the relative risk reduction with respect to a portfolio 

of one asset (that is, σP / σ), we take Ψ, defined as follows 

Ψ =   √
1

𝑁
 +  𝜌           [9] 

as a useful figure of merit to assess risk reduction.  (Note: the above expression is 

somewhat more useful than writing N = 1 / (Ψ2 - ρ), since in general what we like 

to do is exploring how combinations of N and ρ affect total risk.) 

Two observations are in order.  First, from a practical viewpoint, what an investor 

cares about is total risk.  Therefore, focusing only on diversifiable (non-systematic) 

risk while neglecting systematic risk is just an academic curiosity with no relevant 

significance.  The usefulness of Eq.[9] is that it captures both risks.  And it also 

links all three relevant variables: N, risk reduction (Ψ), and ρ (a proxy for 

systematic risk).  Despite the obvious simplicity behind the derivation of this 

equation (it only required the trivial step of finding an approximate expression for 

the average correlation), we have not seen it anywhere.  More surprisingly, many 

authors started their analyses with expressions similar to that of Eq.[4].  However, 

instead of finding an approximate expression for the second term, they have 

concentrated on analyzing actual returns data to estimate the total risk, in some 

specific markets, and for different values of N (e.g., Habibah et al., 2018; Adamiec 

and Cernauskas, 2019; Alexeev and Dungey, 2015; Haensly, 2020).  Evidently, 



there is nothing wrong with such exercises.  But we reckon that using Eq.[9] is not 

only simpler but it also offers more insight.  Moreover, Eq.[9] makes no reference 

to either μ or σ.  The approaches used in the papers just mentioned required 

estimates of both, μ and σ, which seems like an unnecessary burden.  One might 

argue that estimating correlations is challenging.  After all the process is 

computationally intensive and correlation estimates are often marred by errors.  

But to use Eq.[9] we only need to have a reasonable approximation of the average 

correlation for the assets considered, not a precise value for each ρij entry.   

EXAMPLES OF APPLICATION 

Back to the original question then: what is the appropriate N?  Table 1, which 

shows the value of Ψ (based on Eq.[9]), for different combinations of N and ρ 

(average correlation) provides some useful guidance.  If the average correlation 

within the universe of assets considered is high, say, 80% or higher, not much risk 

reduction is achieved, regardless of N.  If the average correlation is low, say, 

between 10% and 20%, a value around N = 30 seems sufficient since for N > 30 

the benefits of diversification tend to vanish.  (Note that a zero-correlation situation 

is unlikely to be found in most practical cases.)  For correlation values in the 

middle, a value of N between 10 and 20 is sufficient.  Note that this table is valid 

for any asset class and any time period.  In summary, to estimate the value of N, 

only a rough idea of the value of ρ is required.  And in the absence of any 

correlation estimate, N = 50 is a safe choice.   

For anyone skeptical about the usefulness of Table 1, or the validity of Eq.[9], the 

following example should be convincing.  The example is from the study carried 

out by Elton and Gruber who analyzed returns from 3,290 securities traded in the 

New York and American Stock Exchange from June 1971 to June 1974 (Table 8 in 

Elton and Gruber, 1977).  Their goal was to estimate for different values of N the 

corresponding risk reduction, measured by the standard-deviation-of-returns ratio, 

Ψ in our notation.  (Note: this example, with minor variations, was also included as 

recently as 2014 in the authors’ finance book (Elton et al., 2014); it was also 

discussed in the paper by Statman (1987)).  After a fairly involved analysis which 

required several pages of algebra and statistical derivations in the main body of the 

paper, three appendices that occupied eleven pages, and estimating a host of 

unnecessary parameters (e.g., third and fourth moment of CAPM’s beta), in 

addition to the average variance (46.62) and the average covariance (7.05), the 

authors arrived at the table which is reproduced here (see Table 2, second column).  



Had the authors realized that they could have estimated the average correlation 

using their own data, as 7.05/46.62 = 0.15, they could have used Eq.[9] to calculate 

Ψ with much less fuss.  The third column in Table 2 shows these values.  It is clear 

that the approximate values provided by Eq.[9] are good enough to make a 

decision regarding the appropriate N.  It is also worth noting that in their paper 

Elton and Gruber reported their results without mentioning the average correlation 

behind their calculations.  Lacking that key information, it is doubtful that an 

investor could have found that table useful.  Note also that the results shown in the 

third column of Table 2 could have been easily been interpolated from the entries 

in Table 1. 

CONCLUSION 

Three conclusions emerge from this study.  The first is straightforward: estimating 

the appropriate N really reduces to estimating the average correlation for the 

universe of assets considered.  This piece of information, in combination with 

Table 1, is all one needs.  Anything else is a distraction.  Given the fact that 

correlation is time-varying (it changes depending on market regimes), settling on a 

range seems more prudent than agonizing over the “exact” value.  After all, in 

most cases risk reduction becomes stable once N reaches 30 or 40.  A value of N = 

50, seems sufficient no matter what ρ is. 

Second, for all their sound and fury, most previous efforts regarding this topic 

leave inevitably a much-ado-about-nothing taste.  Future efforts should be aimed at 

finding efficient algorithms to estimate average correlations, especially for assets 

other than stocks (e.g., bonds, real estate, commodities).  The idea of keeping on 

producing tables showing how portfolio risk decreases as N increases in some very 

specific market, and especially if systematic risk is not included, seems 

unwarranted and of little use. 

And third, a practical suggestion that has important public policy implications.  

Pension funds and insurance companies are typically subject to strict investment 

rules dictated by the regulator, where the degree of diversification is of paramount 

importance.  Frequently, such rules are based on the idea that the portfolio (or 

some asset class within the portfolio) must have a minimum number of positions to 

achieve “full diversification.”  This study challenges this idea for it shows that in 

general an adequate level of diversification can be achieved with less that 50 

positions.  Moreover, our study shows that more emphasis should be placed (from 

a regulatory viewpoint) on looking at the average correlation, since for highly-



correlated assets increasing the number of positions does not decrease the market 

risk, but instead increases the operational risk (monitoring becomes more onerous). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 1.  Value of Ψ (risk reduction ratio) for different values of N and ρ. 

 

 

 

Table 2.  Value of Ψ (risk reduction ratio) for different values of N, based on the 

example analyzed by Elton and Gruber (1977), using two different approaches.  
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