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1. Introduction 

Private equity is an alternative investment class consisting of capital that is not listed on 

a public exchange. As explained by Kaplan et al. (2005), a private equity firm serves as 

the “general partner” (GP) managing a fund which is endowed by the “limited partners” 

(LPs). The LPs (mainly institutional investors and wealthy individuals) commit to provide 

a certain amount of capital to the fund. The GP then has an agreed time period in which 

to invest (around 5 years) and in which to return capital to the LPs (usually around 10–

12 years). Each fund or limited partnership, therefore, is essentially a closed end fund 

with a finite life. Their illiquidity and the fact that actual profitability is only disclosed at 

the end of the fund’s life raises the issue of how to measure the performance of private 

equity in terms of its profitability (and also how to define an appropriate benchmark to 

assess whether it yields larger risk adjusted average returns than traded securities). A 

standard profitability measure often used to assess profitability relative to costs and 

expenses is return on assets (ROA), which is defined as net profit or net income (after all 

costs, expenses and taxes) divided by total assets.  

Various papers have in fact provided evidence on the profitability of private equity 

vis-à-vis different benchmarks (see, e.g., Phalippou and Gottschalg, 2009, and Cochrane, 

2005). However, none of them have examined the stochastic properties of private equity 

returns for a wide range of countries and investment types and using a general empirical 

framework that encapsulates a variety of possible stochastic behaviours. The present 

study aims to contribute to the existing literature in those two respects. More specifically, 

it analyses data for four specific areas (US, Europe, Asia/Pacific and Rest of the World)  

as well as the “Total”, and for seven investment types (Buyout & Growth Equity, Venture 

Capital, Fund of Funds & Secondary Funds, Infrastructure, Natural Resources, Real 

Estate, Subordinated Capital & Distressed), as well as the aggregate category “All 
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Types”. For this purpose, fractional integration methods are used that are more general 

than those based on standard unit root tests (Dickey and Fuller, ADF, 1979; Phillips and 
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Furthermore, several measures have been employed for returns
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when their size increases further, performance declines. However, the relationship 

between fund performance and the sequence number of the fund is convex, although not 

significantly. Roggi et al. (2019) obtained similar results: there is no fast increase in fund 

performance until a certain fund sequence is reached, and the marginal increase in the 

sequence number seems to produce positive effects on fund IRR and PME, even at a high 

sequence number (i.e., from a 4 to 5 sequence). 

As for the behaviour of PE profits over time, Ang et al. (2018) noted that limited 

data availability makes it particularly difficult to evaluate their time series properties; 

however, it appears that the cycles of PE returns for separate classes of Venture Capital, 

Buyout, and Real Estate are not highly correlated. This suggests that a diversified strategy 

across sub-asset classes of PE may be beneficial. Moreover, PE returns exhibits negligible 

serial dependence, in contrast to industry indices. This result is consistent with the 
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3. Methodology 

The standard approach widely used to determine if a series is stationary I(0) (and thus 

shocks have only temporary
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& Growth Equity, Subordinated Capital & Distressed, Natural Resources, Real Estate, 

Infrastructure, Fund of Funds & Secondary Funds, and All Types). The sample period 

varies depending on the geographical area and the investment type: it ends in all cases in 

2021Q3 but the starting date is 1981Q2 in some cases and later in others (
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  (2) 

where β0 and β1 denote the unknown coefficients on these deterministic terms. More 

precisely, the estimated model is: 

          !! " #" $ ##% $ &!' () * +,$&! " -!,% " )./. 0 1  (3) 

We report the estimates of the differencing parameter d for three specifications: i) 

no deterministic components, i.e., setting β0 and β1 equal to 0 in Eq. (3); ii) a constant 

only, i.e. β1 = 0 and β0 being freely estimated; iii) both β0 and β1 being freely estimated 

from the data together with d. In each case a preferred model is selected on the basis of 

the significance of the regressors. In addition, we assume that the error term ut in (3) 

follows either a white noise process (Table 4) or an autocorrelated one (Table 6); in the 

latter case, we use the exponential spectral approach of Bloomfield (1973), which is non-

parametric in the sense that it does not require to specify a functional form for ut but only 

its spectral density function, which is very similar (in logs) to the one produced by AR 

structures. Finally, given the quarterly frequency of the data, a seasonal AR(1) process is 

also assumed (Table 8).  

Concerning the results by geographical area based on white noise errors (Table 

4), it can be seen that the time trend is not required in any case, and the intercept 

coefficient is significant only in the case of Europe. As for the degree of integration, the 

values of d range from -0.09 in Europe to 0.43 in the USA. The null hypothesis of short 

memory or I(0) behaviour cannot be rejected for Europe, although it is in the remaining 

cases in favour of long memory (d > 0) or fractional integration, the estimated value of d 

being 0.25 for Asia-Pacific, 0.35 for the Rest of the World, and 0.41 for the Total. 

Concerning the results by asset class based on the same white noise assumption, 

the time trend is significant for “Infrastructure” (INFR) in the Total and the USA, and 

also for “Natural Resources” (NRES) and “Subordinated Capital & Distressed” (SC&D) 

,...,2,1t;txt10ty =+b+b=



10 
 

in Europe. In the first two cases, the time trend coefficient is positive while it is negative 

for the two European asset classes (see Table 5 that reports the estimated coefficients of 

the selected models). As for 
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B&GE, NRES and SC&D for the USA; all asset classes except NRES in Europe and Asia, 

and finally all except RSTATE for the Rest of the World. Thus, there is less evidence of 

long memory under the assumption of Bloomfield errors, this being found only for FoF 

in the Total (with d = 0.44) and in Europe (0.47); NRES in the Total (0.23); RSTATE (in 

the Total, 0.65: USA, 0.79, and Europe and the Rest of the World, 0.36); also in INFR 

for the USA (with d = 0.37) and finally for VCAP (the Total, 0.46, and the USA, 0.49). 

Finally, when a seasonal AR process is assumed for the errors (Tables 8 and 9), 

the results are very similar to those based on white noise errors (Tables 4 and 5): there 

are only three series for which the time trend is statistically significant (INFR in the Total 

and the USA along with SC&D in Europe, in the latter case with a negative coefficient). 

Evidence of short memory or I(0) behaviour is found for INFR in all regions, but also for 

all other asset types except FoF and RSTATE in Europe. In general, RSTATE and VCAP 

display the highest degrees of integration in all regions except Europe.  

[Insert Tables 8 and 9 about here] 

As a robustness check, we also apply two widely used semi-parametric estimation 

methods, namely the log-periodogram estimator (Geweke and Porter-Hudak, GPH, 

1983), and the local Whittle estimation approach of Künsch (1987) (Table 10). In both 

cases, a bandwidth parameter specifying the number of Fourier frequencies must be 

chosen between 0 and 1 - 
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Table 2: Descriptive statistics 

Area Type avg_IRR 
median

_IRR 
stddev_ 

IRR 
skew_ 

IRR 
kurt_ 
IRR 

USA 

VCAP 3.867% 2.377% 9.719% 3.948 32.619 
B&GE 3.710% 3.951% 4.900% -0.431 5.365 
SC&D 2.682% 3.049% 3.952% -1.490 9.777 
NRES 

.
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Subordinated Capital 
& Distressed 

0.20   (-0.01,  0.46) 0.17   (-0.01,  0.43) 0.13   (-0.08,  0.43) 
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Buyout & Growth 
Equity 

0.11   (0.00,   0.26) 0.03354   (2.79) --- 

Fund of Funds & 
Secondary Funds 

0.21   (0.05,   0.42) 0.02710   (1.93) --- 
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Real Estate 0.67   (0.49,  0.91) --- --- 
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Table 6: Estimates of d based on autocorrelated Bloomfield errors 

Area: TOTAL 

Series No deterministic 
terms 

An intercept An intercept and a  
linear time trend 

All Types 0.30   (0.01,  0.72) 0.28   (0.01,  0.71) 0.30   (0.04,  0.71) 

Buyout & Growth 
Equity 

0.24   (-0.08,  0.65) 0.22   (-0.08,  0.65) 0.25   (-0.04,  0.62) 

Fund of Funds & 
Secondary Funds 

0.44   (0.05,  0.94) 0.41   (0.05,  0.94) 0.46   (0.08,  0.94) 
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Real Estate 0.36   (0.05,  0.79) 0.34   (0.04,  0.81) 0.35   (-0.03, 0.81) 

Subordinated Capital 
& Distressed 

-0.26  (-0.40,  0.20) -0.14  (-0.33,  0.14) -0.46  (-0.71,  0.02) 

Venture Capital 0.12   (-0.20,  0.53) 0.11   (-0.19,  0.53) 0.09   (-0.21,  0.53) 

Note: the values in bold correspond to the selected specification on the basis of the statistical significance 
of the deterministic terms. The confidence intervals at the 95% level are reported in brackets. 
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Table 7: Estimates of d based on autocorrelated Bloomfield errors  

Area: TOTAL 

Series No deterministic 
terms 

An intercept An intercept and a  
linear time trend 

All Types 0.28   (0.01,  0.71) 0.0293   (2.17) --- 

Buyout & Growth 
Equity 

0.22   (-0.08,  0.65) 0.03527   (3.00) --- 

Fund of Funds & 
Secondary Funds 

0.44   (0.05,  0.94) --- --- 

Infrastructure -0.06  (-0.30,  0.25) -0.00470   (-1.64) 0.00041   (2.67) 
 
 Natural Resources 0.23   (0.03,  0.53) 0.02657   (2.46) --- 

Real Estate 0.65   (0.33,  1.11) --- --- 

Subordinated Capital 
& Distressed 

-0.24  (-0.44,  0.05) 0.02667   (26.14) --- 

Venture Capital 0.46   (0.17,  0.96) --- --- 

    Area:  USA 

Series No deterministic 
terms 

An intercept 
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Buyout & Growth 
Equity 

 0.07  (-0.11,  0.37) 0.03491   (3.78)  

Fund of Funds & 
Secondary Funds 

 0.13  (-0.28,  0.70) 0.02759   (2.70)  

Infrastructure -0.04  (-0.30,  0.32) 0.02799   (3.35)  
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Real Estate 0.36   (0.05,  0.79) --- --- 



33 
 

Table 8: Estimates of d based on seasonal autoregressive errors 

Area: TOTAL 

Series No deterministic 
terms 

An intercept An intercept and a  
linear time trend 

All Types 0.41   (0.29,  0.56) 0.41   (0.29,  0.56) 0.41   (0.29,  0.56) 

Buyout & Growth 
Equity 

0.29   (0.16,  0.46) 0.29   (0.16,  0.46) 0.29   (0.16,  0.46) 

Fund of Funds & 
Secondary Funds 

0.48   (0.35,  0.63) 0.47   (0.33,  0.63) 0.48   (0.35,  0.64
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Real Estate 0.69   (0.49,  0.97) 0.69   (0.49,  0.98) 0.
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Buyout & Growth 
Equity 

0.11   (-0.01,  0.26) 0.03392   (2.92) --- 0.059 

Fund of Funds & 
Secondary Funds 

0.21   (0.05,  0.41) 0.02701   (1.85) --- -0.061 

Infrastructure 0.09   (-0.09,  0.32) 0.03744   (2.08) --- -0.029 
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Table 10: Semi-parametric estimates of the differencing parameter 

Area (All Types 
of Assets) 

bandwidth = 0.65 

GPH Estimate 
Local Whittle 

Estimate Standard error
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Table 11: Estimation of d based on ARFIMA  

Area Type d 

 
 
 
 
 
USA 

VCAP 0.4634 * 
B&GE 0.2898 * 
SC&D 0.2042 
NRES 0.2543 * 
RSTATE 0.3964 * 
INFR 0.


