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Management Summary

Private equity is agrowing asset class and is renowned for its opaque characteristics. Being a
large investor in private equity AEGON Asset Management is interested in macroeconomic
factors that drive private equity performance. Evaluation and forecasting of private equity
performance in two distinct geographic areas, Europe and the United States, are of key
interest to AEGON Asset Management.

This research shows that it is reasonably well possible to evaluate and forecast private equity
performance albeit under a series of assumptions and without back-testing results. The used
estimation model based gpproach is constructed flexibly to adgpt to more available
information in the future. The validity of the results will increase with the availability of more
quantitative and qualitative information on private equity (performance) and with
improvements to the used algorithm.

Potential macroeconomic drivers are based on aliterature search and the opinion of
professional portfolio managers at AEGON Asset Management and external professionals.
Aggregated private equity performance data of both the US and Europe is used as the basis
for an estimation model to determine a “private equity index”. Linear regression is used to
relate thisindex with the determined macroeconomic drivers.

The results of this research quantitatively confirmed the expectations of AEGON Asset
Management about private equity: private equity performance is highly cyclical and thus
depends strongly on economic conditions. This research was not aimed at determine risk
adjusted performance or alpha performance. High yield credit spreads and stock market
developments are important drivers/ forecasting indicators for private equity performance.

A quadrant model has been developed for AEGON Asset Management. Thisis an automated

tool to evaluate and forecast private equity annually or semi-annually. Thistool is based on
the results of the regression analysis.
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Management samenvatting

Private equity is een groeiende asset class en staat bekend om haar ontransparante
karakteristieken. AEGON Asset Management is als grote investeerder in deze asset class
geinteresseerd in macro economische factoren die private equity performance beinvloeden.
AEGON Asset Management is vooral geinteresseerd in het evalueren en voorspellen van
private equity performance in twee verschillende geografische gebieden: Europaen de
Verenigde Staten.

Dit onderzoek laat zien dat het redelijk mogelijk is om private equity performance te
evalueren en te voorspellen zij het onder een aantal aannames en zonder backtest resultaten.
Het gebruikte schattingsmodel is flexibel geconstrueerd en kan zich aanpassen aan betere
toekomstige informatie. De validiteit van de resultaten zal toenemen als er meer kwantitatieve
en kwalitatieve informatie beschikbaar komt over private equity (performance) en met de
verbetering van het gebruikte algoritme.

Potentiéle macro economische factoren zijn gebaseerd op literatuuronderzoek en de inzichten
van professionele portfolio managers van AEGON Asset Management en enkele externe
partijen. Geaggregeerde private equity rendementen van zowel de Verenigde Staten a's
Europa zijn gebruikt als bas's voor een schattingsmodel methode om een “ private equity
index” te bepaen. Lineaire regressie is gebruikt om de private equity index te relateren aan
macro economische factoren.

De resultaten van dit onderzoek bevestigen kwantitatief de verwachtingen van AEGON Asset
Management over private equity. Private equity performance is sterk cyclisch en dus sterk
afhankelijk van macro economische factoren. Dit onderzoek is niet bedoeld om risico
gecompenseerde rendementen of afarendementen bepalen. High yield credit spread en
aandelenmarkten zijn belangrijke waardestuwers / voorspellende indicatoren voor private
equity performance.

Een kwadrantenmodel is ontwikkeld voor AEGON Asset Management. Dit is een

geautomatiseerde tool om private equity performance jaarlijks of halfjaarlijks te evalueren of
te voorspellen. De tool is gebaseerd op de resultaten van de regressie analyse.
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Preface

During the intense period of the last examinations of my graduation programme | solicited at
AEGON Asset Management for athesis project. This project concerned the attribution of
macro economic performance drivers to private equity performance. | have a strong interest in
the private equity asset class since | did an earlier internship at a corporate finance / merger &
acquisition advisory organisation. | was aware of the potential pitfallsin researching private
equity regarding the lack of appropriate information. Nevertheless this thesis project appeared
to me awonderful opportunity to learn more about private equity in combination with asset
management so | gladly accepted the challenge.

After theinitial phase of literature analysis and data collection | spent along time determining
an appropriate research method. This research lacked the data thet is available to other
academic researchers; this made it difficult to execute a straightforward analysis. The
challenge of this research was to find a research method that could cope with the available
data and the research objectives. After three attempts | created an aternative research method
to attribute macro-economic performance drivers to private equity performance under a series
of assumptions.

This research could not be completed without the help of several people. Since this thesis
project marks the end of my study | would like to thank my parents who supported me and
never lost confidence in me actually completing this study. | would like to thank my
girlfriend, Martine, who supported me at all times, especially in the last period when | spent
most of my time working and writing this thesis.

At AEGON Asset Management | would like to thank Michael Entzinger and Rutger
Schreuder. Michadl Entzinger, my company supervisor, helped me arranging private equity
industry contacts, finding other information sources and helped me whenever possible.
Michael and | held weekly sessions about the research developments, which were helpful to
reflect on my progress. Other colleagues at AEGON Asset Management helped me with
gathering useful information as well and provided a pleasant and interactive working
environment.

I would like to thank Sam Robinson, from SVG Capital Plc, for providing the most important
information for this research: private equity performance datal Without thisinformation |
could not perform thisresearch at all.

Last but not least | would like to thank Dominique Dupont and Berend Roorda, my professors
from the University of Twente, who took the time to understand my estimation model, gave
me valuable feedback during several meetings and stimulated alternative research methods.

| hope that one, after reading this thesis, better understands private equity in an asset
management environment and finds that alternative research methods can provide a useful
perspective in the absence of extensive information.

Coen Tolkamp
The Hague, May 2007

& WLEGON



Predicting private equity performance Coen Tolkamp

List of figuresand tables

Figure 1 Organisational chart AEGON ASSet Management...........ooueeueerieenienieeenieeseeeee e 9
Figure 2 General outlay quadrant MOE! ............ccooee i 11
Figure 3 Quadrant models with different time horizons............cccoecieiiiiieiieneeeee 12
Figure 4 Direct and indirect private equity iNVESLING...........ccoeierrereeniisieeee s e 19
Figure 5 Number of buyout funds (US and EUrOpe)............cceeieriierieenienieeeeeee e 20
Figure 6 Fundraising buyout funds (US and EUIOPE) ..........cccoiueirieriieniisieeee e e 20
Figure 7 J-CUrve Private @QUILY ........ceorueerieeeie ettt e e e e 23
Figure 8 Macroeconomic parameters (US and EUrOPE).........coceieerieeniiiniieneeseiesiee e 38
Figure 9 Pooled IRR’S (US aNd EUIrOPE)........ccoiiiiiee et 41
Figure 10 Pooled TVPI (US and BUrOPE).........cooirieiieiiee ettt 41
Figure 11 Private equity index and historica private equity performance...........cccceevevenee. 42
Figure 12 Different diveStMent PACES ........cooueeiiriie et 44
Figure 13 J-curve mode by Takahashi & Alexander (2002) ...........ccevieriereeniieneeneeesieee 45
Figure 14 Stability of the algorithm (EUIOPE) ..........oooeiiiiiieiie et 52
Figure 15 Stability of the algorithm (US).........cooiiii i 52
Figure 16 Private equity indices estimation model la (US and EUrope) ...........ccceeceeeivveneeenne. 53
Figure 17 Actua and fitted IRR estimation model 12 (US)..........ccoeieniiniinieieeeeieee 54
Figure 18 Actua and fitted TVPI estimation model 12 (US).........ccoceiiniiniieiieneeeeeseeee 54
Figure 19 J-curve with different divestment PaceS..........ccooceeriiiieiierieee e 55
Figure 20 Divestment paces estimation model 1b (US and EUrope)...........cceceevveneeeveenenenne. 56
Figure 21 Private equity indices estimation model Ib (US and EUrope)...........cccevvveiiieninnne. 57
Figure 22 Actua and fitted IRR estimation model 1D (US) .......cooviiiiiiiiieeeeeeeee 57
Figure 23 Actua and fitted TVPI estimation model 1b (US) ..o 57
Figure 24 Results objective function with different divestment paces (US and Europe) ........ 58
Figure 25 Output estimation MOdel 11 (US)........ooiie i 59
Figure 26 Output estimation Model 11 (EUrOPE) ........ccuiieeieeriiee e 59
Figure 27 Best fitting private equity indices estimation model 11 (US and Europe) ............... 59
Figure 28 Actua and fitted IRR estimation model 11 (US) ..........ccoeieiiiniinieieeeeeeee 60
Figure 29 Actua and fitted TVPI estimation model 11 (US) ..o 60
Figure 30 Actua and fitted IRR estimation model 11 (EUrope) ...........cooeeveeiieeriienieeeiiesieee 60
Figure 31 Actua and fitted TVPI estimation model 11 (EUrope)..........cccoevereeerieneenieeeneeene 61
Figure 32 Actua and fitted TVPI estimation model 11 (US) ..o 62
Figure 33 Residuals actual and fitted TVPI estimation model 11 (US) ........cccceviiiiiniiiinnene. 63
Figure 34 One-factor regression analysiS EUrOPE. ..........ccooiieiieiriiniieee et 65
Figure 35 One-factor regression analySiS US ..........ooiiiiiiienie e 66
Figure 36 S& P 500 vs. US Private equity index (relative)...........cceeeniiiieenienieeeceeeee 66
Figure 37 S&P 500 vs. US Private equity index (abSOIULE) ..........cccoceriiiiieiiiiniieeeeeie e 67
Figure 38 One-factor forecasting regression anal ySiS EUrOpe............cooerverieeniieniienieeeneeene 68
Figure 39 One-factor forecasting regression analySiS US............ccoeiiiniinieenieneeeeeeee 69
Figure 40 Multiple-factor forecasting regression analySisUS ............ccoeiiiiiniinieenieneee 71
Figure 41 Multiple-factor forecasting regression analysis EUrope..........c.cccecoervenieeninennenne 71
Figure 42 Quadrant model for US private QUILY .........cooerieerieisienieneesiie e 72
4

& WLEGON



Predicting private equity performance Coen Tolkamp

Table of contents

MaNAGEMENT SUMIMEIY ......cetee et et iees e e et e e e sse e e es e e s e e s ane e s enreeenreeesnnne e 1
ManagemMeNt SAMENVELTING ........eoueeeeeieie ettt ss e e e b e e s e esseesteasseeenneenreeas 2
PIEIBICE ... e h et e bt ae e et e nae e e e ene e 3
List Of figures and tal €S ..........eo i 4
TabIE O CONLENES. ...ttt e e e et e e e e e ne e ebe e sae e ee e 5
TabIE O CONLENES. ...ttt e e et e eae e e ne e ebe e sae e ee e 5
11700 [T 1o o FEO TSP U RPRTOPRUPRRPRUPR 7
Chapter 11 AEGON ...ttt et sbe e st et e s sa e she e e e sa e en e e s e e nnbeenneenneas 8
1.1 AEGON ASSEL MANAGEMENT .....ccviiiiiiie et nnnes 9
1.2 ARErNGLiVE INVESIMENES ........eeuieitieeie ettt et st sae e ee e sr e re e e s e 10
IR @ 0= [ = | 0170 (= S 11
Chapter 2: Research fOrmulation .............cooeoiiiiii e e 14
2.1 Problem identifiCalion...........ouiiie ettt e 14
2.2 RESEACH @PPIOBCN. ...ttt ettt ee e 15
Chapter 3: Private equity CharaCteriStiCS..........uuiviiiiiiieiiieie et 16
I3 I 1 1o To [0 Tox i o] o IO OO PR RPRTPPP 16
B2 DEFINITION ...ttt b e e ae e n e et e e e 16
3.2.1Venture Capital FUNGS .........ooeiiiieie et 17
322 BUYOUL FUNGS ...ttt ettt e n e 17
2.3 FUNG SEMUCKUIE ...ttt ettt ettt e es et sn e b e an e n e e ens 18

3.3 Historical deVEIOPIMENT ........ccuiiiie ettt e e 19
3.3.1 The development of private equity strategies in the past 25 years...........cccceevueeeee. 19

B4 FUNG HTECYCIE. ..ttt ettt et ene e 20
341 FUNAraiSING PRESE.....ccueeeiieie ittt 20
342 INVESHING PHASE ...ttt 21
343 HOIAING PRESE. ... .ot e 21
3.4.4 DIVESHING PNESE.....c.eterueeetieste ettt ettt ettt e e sb e as et ebe e e e e e neeens 22

S5 CASN FIOWS. ...ttt e r e e s 22
3.5.1 Private equity phases and the J-CUIVe............coeoeiiiiieenies e 23
3.5.2 Company valuation MELNOAS............ceeiieiiriie e 23
5.3 REMAIKS. ...ttt ettt ettt e e h e e b ae e e ens 24

3.6 Private equity performance MEBSUIEMENL............uerueerirrriereeeeeereeeseeeee e eee s 25
3.7 Private equity risks & risk MeaSUreMENT ...........ooueriieiiiiriieeeeeeeee e e 26
BT L LIQUITITY FISK ..ttt 26
.72 BUSINESS 11K ... ettetteeieeet ettt ettt ettt et sbe e e e s te et e e e e e e es e ens e et e e eneeenneeneeenes 27
.73 INLEIESE FALE TISK ..ttt et n e e 27
.74 MANAGET TISK ...ttt ettt ettt et bt e se e s et s bt e e e s e e st eas e e s e e eneeenneeeeeens 27
3.7.5 RISK MEASUMEIMENT ...ttt e sr e s e e e nns 27
Chapter 4: Risk / return properties of private @QUILY...........ccoeereirieeereeree et 29
4.1 Capital asset Pricing MOGE ..........cooeiiiiiie et 29
4.2 SySEEMELIC MISK & TELUM ...t et ettt et e e nne e enes 30
4.3 UNSYSEMALIC FSK & TEIUM ...ttt et 31
A4 REOMAIKS ...ttt ettt et h e et e e bt e e et a e e e n e s b e ebe e ean e ere e eas 31
Chapter 5: Private equity investmentsin an institutional portfolio ............ccccovverieeiieiicnnnns 32
5.1 Markowitz portfolio tNEOIY ..........ooeeiiiieeee e e e s 32
5.2 Private equity in an institutional POrtfolio ...........c.eeiiiiiiiieeiieee e 33
5.3 AEGON, private equity and portfolio management.............cocceeeereereenieeeressee e 33
Chapter 6: Private equity performance related [Iterature...........cooceeveiiee e 34

5




Predicting private equity performance Coen Tolkamp

6.1 PerfOrmManCe ArIVEL'S. ......coouee ittt et b e sne e sne e eaeesneaeeas 34
6.1.1 FinanCiNg €NVIFONMENT .........ceruierieirie e erieesieeeee e see e eessee s e e e e ssseesseeneeseeeenes 34
6.1.2 BUSINESS ENVIFONMENT........oiitiiiiie ettt ee e 35
6.1.3 Market ENVIrONMENT ......cc.oiiiiiie e 36

6.2 Overview of (non-) literature related performance drivers...........coevveeereerceeeiie e, 37
6.2.1 Current performance indicators used by AEGON..........cccooiiiiiiiiienieeeeeeeeeee 37
B.2.2 OVEIVIBWW ...ttt ettt e ettt e he et b et e st eh e s e e s e b e enn e eneeenis 38

6.3 Research methodS in HIEEIIUIE. ........ccviiiieee e e e 38
6.3.1 BIiaS FEAUCLION. ...ttt ettt ettt ettt et s et ae e e s e e neeeens 39

Chapter 7: MethOTOIOgY ... .. eooiueeiieeiee e s et ne e 40

4% 1 1 oo [0 Tox i o] o OO U PP RRPRTPPP 40

T2 REIONAIE ...ttt ettt et ettt eebe e eae e te e ebe e eneeeeeeeneas 41
7.2.1 1lliquid alternative asset fund MOdEl ............cooee i 43
7. 2.2 ASSUMPLIONS ...ttt sttt ettt et et e eae e e e sb e e e e s e e es e eas e e s eeereeenneeeeeens 45

7.3 Mathematical formulation of the estimation Model ............cccveiiiiiiiieiieree e, 46
7.3.1 Modified Takahashi & Alexander MmOodel............cooiiiiieieiii e 46
7.3.2 Estimation model for the private equity iNdeX ..........occeeeeeiiinieeieesiieeeeeeeee e 48

7.4 Algorithm for the general estimation MOE ...........cceoiiiiiiriiiiiieee e 50
7.4.1 Stability of the agorithm ... 50

7.5 ESMation MOGE! T8.......cooei it et 53

7.6 ESimation MOGE! 1D.......ooiii ettt 55

7.7 ESmation MOCE! 11 ...t et 58

7.8 Robustness of the estimation MOdel OULPUL ...........ccueeiiiiieriieiee e 61
7.8.1 Reliability and validity of the private equity INAEX ..........ccoverieeiierieeiieeeee 61
7.8.2 RESIAUA @NAIYSIS ...ttt ettt n e 62

7.9 Future development of estimation MOTES. ............oouiiiiiiiieieeee e 63

Chapter 8: RESUITS ... ettt e rbe e ae e sre e sae e e nnne e 65

8.1 (Non-forecasting) one-factor regreSSioN @NAlYSIS. .......ccueiuerieeriieneeeieeiee e 65

8.2 Comparison regression results With lIterature............coovveeeiiinieieieee e 67

8.3 Forecasting regreSSioN @NAlYSIS. ......coooueiiieieeriesiie ettt se e ee et ste e see e e 68
8.3.1 Forecasting one-factor regression analySiS .........cooveereerierreneeee e 68
8.3.2 Forecasting (multiple factor) regression analysis per quadrant..............cccceuvereenne. 69

8.4 Out of sSample DaCK-TESIING .......coiiie i e 71

Chapter 9: QUAIraNt MOUEL....... ..o e et eesnre e 72
O 0 INPUL. et et et n e r e e nn e e e e n e e e nnnes 72
S 2 O 1 o | TP PPRR 72
9.3 Quadrant MOdEl IN PraCliCe.........ee ittt et e e 73
Chapter 10: CONCIUSIONS. .......eiiiieiiieie ettt ettt e te e sae e seeebe s sae e saeesnnesnbe e eesnenas 74
Chapter 11: RECOMMENUELIONS. .......cceiitiieiieiieeiie ettt see e se e se e be e e e snne e 76

11,1 “What if” SITUBLION. ....ceeieeieeeest ettt ettt sr e e e e 76

11.2 CUITENE SITUBLION ...ttt ettt ettt s aee e sbe e saeeeaee s sbeenseesnesnreens 76
Chapter 12: REFIECHION. .......coeie e e et nnee e 78
REFEIEINCES. ... ettt a e b e s et e b e s e e e e s e ean e eeeens 79
APPENAICES ...ttt ettt ettt et b e a e e e st e ae £ e et e b e e eae e e e e ene e eneeeneeneas 81

AL AIGOITtRM IN PraCLiCe. .....eeeieeieee ettt e n et 81

A.2 Divestment paces of estimation Model [1............coce i 85

A 3 REGIESSION FESUITS ...ttt ettt ettt ettt b e st s e b sbe e eaneere e e 86

6




Predicting private equity performance Coen Tolkamp

Introduction

What drives private equity performance? And how do certain factors influence private equity
performance? These questions are stated by AEGON Asset Management in the perspective of
the US and European private equity markets. The ultimate objective of thisresearch isto
construct amode that evaluates and forecasts private equity performance based on macro-
€economic parameters.

Thisresearch report is structured as follows to provide answers to all questions of AEGON
Asset Management regarding private equity.

First ageneral of AEGON is givenin Chapter 1. This chapter presents the
organisational structure of AEGON, AEGON Asset Management and the Alternative
Investments team. This chapter will also give a general introduction to so-called quadrant
models. Thisis amodelling philosophy used by AEGON Asset Management and is a
blueprint for the private equity quadrant model, which is developed in this research.

Chapter 2 describes explicitly what the research background of thisresearchis,
culminating in two research objectives.

Thirdly, athorough background on private equity as an asset classis given in Chapter
3. All private equity characteristics and risk and return properties are discussed. This chapter
is especially interesting for people that are not familiar with private equity in general.

In Chapter 4 and Chapter 5 private equity risk and return characteristics are discussed
ina CAPM and portfolio management perspective. These chapters anal yse private equity with
conventional finance theories and methodologies.

The 6™ Chapter evaluates private equity literature that relates private equity
performance to macro-economic drivers. This chapter discusses the research methodsin
literature and gives an overview of all performance indicators that will be used in this
research.

Chapter 7 describes the methodology used in this research. The results of thisresearch
hold under a series of assumptions. The research results are presented in Chapter 8 and the
congtruction of the quadrant model is given in Chapter 9.

Chapter 10 and 11 will respectively present the conclusions and recommendations of
this research. The final chapter, Chapter 12, will give a personal reflection on this research
and gives the reader amore personal insight of the important graduation period.

& WLEGON
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Chapter 1: AEGON

AEGON isone of the world' s largest listed life insurance and pension companies and an
important provider of investment products. AEGON is mainly active in the Netherlands, the
United States and the United Kingdom. Besides these main markets, AEGON is aso activein
anumber of other countriesincluding Canada, China, Poland, Slovakia, Spain, Taiwan and
the Czech Republic. Headquartered in The Hague, the Netherlands, AEGON employs
approximately 27,000 people worldwide. Total revenuesin 2005 were EUR 30.3 billion and
theincome after tax was EUR 2.7 billion.

AEGON serves both private individuals and corporate clients like SME’s (Small /
medium enterprises), large companies and pension funds. The products AEGON offers range
from collective and individua pensions, life insurance, indemnity insurance, social welfare

insurance, wealth management to saving and investing.
(Source: annual report 2005 AEGON)

Originally AEGON garted in 1759 in Haarlem, the Netherlands, where one of its
predecessors, called “ De Broederlijke Liefdesbeurs’ started the first cooperative funeral
insurance company in the Netherlands. After merging in alarger entity, called “De Groot-
Noordhollandsche van 1845”, of life insurers, funeral funds, widow funds, social welfare
insurers and endowments, this group became one commercial enterprisein 1983.

The name AEGON incorporates the characters of 5 of its most important predecessors:
“Algemeene Friesche” (1844), Eerste Nederlandsche” (1882), “ Groot-Noordhollandsche”
(1845), “Olveh” (1879) and “Nillmij”(1859). After the last merger, between the cooperative
“AGO” and thelisted company “ENNIA”, the name AEGON was born. The name AEGON
would be a“Greek name with a classy charisma: reliable, correct and solid”. .

AEGON The Netherlands consists of 5 service centres (or business units) for administrative
organisation and product innovation. These service centres are: Life Insurance (life insurance,
mortgages and funeral insurances), Banking (savings and investing), Asset M anagement
(asset management), Pensions (individual and collective pensions) and Non-life insurance
(social welfare insurance and indemnity insurance). The service centres provide the sales
organisation with new products, services and take care of the contract administration.

AEGON The Netherlands employs approximately 5690 people. The head office is located in
The Hague. Total revenues in The Netherlands were EUR 6.1 billion in 2005.

! Source: corporate website of AEGON, the Netherlands

& WLEGON
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1.1 AEGON Asset Management

Like other large insurance companies AEGON N.V. has its own asset management services.
Being a multinational company there are several business units &t AEGON N.V. that execute
asset management services. AEGON USA and AEGON UK have their own asset
management business units that serve these geographic areas. In the Netherlands, AEGON
Asset Management in The Hague and TKPI in Groningen execute asset management services.

AEGON Asset Management in The Hague servesinternal clients and external clients. Internal
clients provide insurance premiums and products that need to be invested in all kinds of assets
depending on insurance mandates. External clients are mostly institutional clients such as
pension funds and a minority of investments are for retail clients.

AEGON Asset Management is a business unit of AEGON Nederland with approximately 125
employees. The figure below presents the organisational chart of AEGON Asset Management
with all functional and servicing departments or teams.

Eric Ruttan ™

AEGON Investmiant ﬁEG_g"N

Managament B V.

Compliance
Legal & Tax Tatjaria Bcarsmas

Hiuman Recaurces Claire Ho#

Patrich wan e Laar

Auud Lips

=
Willam Horstmann' I Henz qu-.-'hsu' Antak Wazniakoveh I

| Product Cantral Platfarm I Partfolio Management Piatform I | Frocess Platform I

Garwin Zandbargen Olal van den Heweal Paul van Dulnen

Patty Hofrmans

| Fimancial Rizk Managemeng | | Inusziment Strategy | I Inwestment Execution |
P arliss van Boom Syan Boumian Frmme s paslid
Investment Sclutions | Equities | I Dperathons & Pedosmance |

Thorvald G uunnak Wim Almaloo Siman Misdema

Praduct Managemaent & Implsmentation | Fiwed Incormie Cradite | I Firiamneinl BEds iy ting & Cantrel |
Tam Hoafakiar Enk Lemaman Pagcal Vigaad

| Retadl |nnoyation & Securdtication | | Fived Income Sowsrsigns | T |
Larm Lustermans Ruiger Schraude

Managemant Aeesunting & Cemtral | Alemative lnvestments |
Frank Mgijsr
Quant Desk I.r

Figure 1 Organisational chart AEGON Asset M anagement

AEGON Asset Management (functional name) or officially AEGON Investment M anagement
B.V. consists of three functional groups: Product Control Platform, Portfolio Management
Platform and the Process Platform. The Product Control Platform is responsible for new and
existing asset management products for internal and external clients. The process platform is
the back-office of AEGON Asset Management and is responsible for al supporting processes
in the entire business unit. The Portfolio Management Platform is responsible for al assets
under management. An in-depth analysis of al departments or teams will not be given here.
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Depending on desired risk / return and liquidity preferences clients of AEGON Asset
Management can choose from alarge range of different funds to invest their capital in. These
funds have different mandates that impose restrictions on the investments regarding asset
classes, benchmarks, accounting & tax benefits, allocation limits, etc. For large institutional
accounts funds are constructed upon request and designed according to specified desired
mandates. At AEGON Asset Management the Product Management & Implementation team
designs these funds.

The different investment categories or asset classes at AEGON Asset Management are
managed by the different departments or teams at the Portfolio Management Platform. The
Equities team is responsible for European and Asian equity investments. The Fixed Income
Credits team is responsible for investment grade and high yield corporate bonds (global
focus). The Fixed Income Sovereigns team manages governmental bonds (globa focus). The
Investment Strategy activities will be described in the Quadrant models section. The Quant
Desk isresponsible for data analysis and decision model development for the different teams
at the Portfolio Management Platform. The Alternative Investments team is mainly
responsible for fund-of-fund investments in hedge funds and private equity. This team will be
described in the next section.

1.2 Alternative | nvestments

The Alternative Investments team consists of two separate functional groups: Derivatives,
Hedging and Fund Management and Alternative Investments.

The former isagroup that performs arange of tasks that are not covered by other teams
within AEGON Asset Management. These tasks comprise of foreign exchange risk hedging
for (international) equity portfolios, execute liquidity management and the development of
hedging solutions for fund management.

The latter isthe group that coordinates private equity and hedge fund investments at AEGON
Asset Management. These investments are not direct investments. The investments are
indirect via afund-of-fund concept. This means that AEGON invests in diversified portfolios
of funds managed by a fund-of-fund manager. The Alternative Investments team selects the
fund-of-funds manager, monitors the managers and reports to AEGON on the private equity
portfolio under management. The private equity investments are Europe-based. The hedge
fund investments are mainly exposed to US and European markets.

The Alternative Investments team is currently orienting towards single fund investing and
focussing on other alternative asset classes such as timber funds and infrastructure funds.
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1.3 Quadrant models

At AEGON Asset Management so-called quadrant models are used for the decision making
process concerning asset allocation. The quadrant models are used at different levels of asset
allocation. Below afigure present the general outlay of a quadrants model.

Macro Valuation
Score: Score:
Sentiment Technical
Score: Score

Figure2 General outlay quadrant model

Quadrant models are used in several forms but have the same underlying framework. Firs the
underlying systematic will be discussed and subsequently the different forms of quadrant
models.

Investment decisions are based on numerous aspects. To structure this decision process at
AEGON Asset Management quadrant models have been introduced. Quadrant models consist
of four quadrants or four decision categories. The four decision categories are: macro,
valuation, sentiment and technical. The macro and valuation quadrant are used for long-term
indicators and the sentiment and technical quadrant contain short-term indicators. The macro
guadrant usually contains macroeconomic indicators such asinflation, industria growth and
GDP growth. The valuation quadrant usually contains valuation indicators such as
price/earnings ratios or liquidity premium proxies. The sentiment quadrant contains indicators
that are believed to drive market sentiments such as I1PO numbers or headlines in news papers.
The technical quadrant incorporates technical analysis components of an investment decision.
The macro-, valuation- and technical quadrant are usually driven by quantitative information.
(Sentiment factors, often hard to define quantitatively, are qualitatively defined in the
sentiment quadrant.)

The different quadrant model forms which will be described hereafter apply scores per
quadrant ranging from -2 to +2 depending on the performance of the particular indicators on
market or asset conditions. The total quadrant model consequently has a score ranging from -
8 to +8. With -8 being the worst score and + 8 being the best score for an asset (class) or
market. These scores are used to forecast and evaluate performance of a certain market or
asset (class) over acertain time period. Some quadrant model forms are used daily (individual
asset classes), monthly to yearly (tactical asset allocation) and some for even longer periods
(dynamic strategic asset allocation).
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Investment decisions are based on these scores and the relative scoresin a certain timeframe
(being a day, amonth or even a year). For example, a stylised application could be: “The
quadrant model of European equity markets indicated a score of +5 for the coming year
(2007) compared to +4.5 of 2006, this increase is largely driven by a stronger macro quadrant.
Low inflation and strong employment rates indicate a good year for the European equity
market.” Maybe the Asian equity markets have aless fortunate forecast for coming year and
on the highest portfolio level European equity markets are overwe ghed compared to Asian
equity markets.

0-3 months 3-12 months 4 years 10 yesrs
Investment
Expected return
horizon
Timing Tactical asset dloction Dynamic strategical asset Strategic asset
dlocation dlocation
M \" M V M V M V
> y s T s T s T

Figure 3 Quadrant modelswith different time horizons

The figure above represents the different quadrant model forms used at AEGON A sset
Management. As one can see, the different forms are used for different time periods.

The strategic asset allocation is a very long-term decision tool and is only based on the
valuation quadrant. The main question is: how much value does every asset class add to the
total portfolio over the very long term? The Investment Strategy team at AEGON Asset
Management tries to answer this question. Obvioudly thisis not a very realistic question for
asset management since performance over such along period is generally hard to predict for
asset managers! Therefore the dynamic strategic asset allocation forms the basis for strategic
asset allocation.

The dynamic strategic asset alocation is usually based on macroeconomic reports. AEGON
Asset Management publishes a quarterly and yearly macroeconomic report with long-term
scenario forecagts. This outlook contains AEGON'’ s view on global markets and reports
expected return, expected volatilities and correlations of all asset classes (equities, bonds,
commodities, red estate, hedge funds, emerging market debt etc). Combined with
international reports and the Global Fixed Income Strategy report (a combined report of TKPI
in Groningen, AEGON Asset Management in The Hague and AEGON Asset Management in
the US) the yearly macroeconomic report is used as input for the dynamic strategic asset
allocation quadrants model. This results in amedium term asset alocation (1-4 years) for the
tota investment portfolio of AEGON Asset Management. For this decision processonly the
macro and valuation quadrant, both consisting of long term indicators, are used. This decision
process creates the possibility to upgrade or downgrade portfolio weights and is executed by
the Investment Strategy team.
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Thetactical asset allocation also depends strongly on macroeconomic views of the various
reports. This processis used to add value across assets classes (for example stocks versus
bonds) and within asset classes (regional or country allocation in stocks) over alonger time
period (3-12 months). Tactical asset alocation is executed by the Investment Strategy team
with the use of the tactical asset allocation quadrant model. This quadrant model uses all four
quadrants for its forecasts.

Timing quadrant models are used to evaluate and forecast most asset classes also called
“timing” asset classes. Liquid asset classes such as stocks and (corporate) bonds are timing
asset classes and are evaluated on adaily basis or longer ranging from 0-3 months. For such
short forecasting periods, the short-term focus becomes more important and therefore usualy
the sentiment and technical quadrants are leading.

Iliquid asset classes, the focus of this research, are obvioudy not atiming asset class. Dueto
illiquidity issues purchase and selling decisions are not executed in short-term periods.
Especially private equity investments are long term investments and decisions concerning this
asset class are only made at the strategic asset allocation level. Forecasting and evaluating
private equity performance is only reasonable over longer periods, such as a year.

The last three quadrant models in the figure are used by the Investment Strategy team. This
team is responsble for strategic portfolio management. This means that this team determines
the long term asset allocations of the different asset classes at AEGON Asset Management.

Thefirst model, meant for timing asset classes are used by the different asset class teams at
AEGON Asset Management. Portfolio managers run quadrant models daily, weekly or
monthly depending on the preferred decision support.
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Chapter 2: Research formulation

2.1 Problem identification

Like other asset management teams at AEGON Asset Management, the Alternative
Investments team wants to gain more insight in their alternative investments portfolio. Unlike
other asset classes, industry information and academic research is not as widespread as with
other asset classes. Hedge funds and private equity funds are both relatively young asset
classes that are developing and are regularly related to controversies.

Besides the controversies both hedge funds and private equity funds are said to offer
favourable risk / return properties. Other relevant aspects of hedge funds and private equity
are that these funds are said to offer positive returns independent of market movements. Low
correlation with general market movements is a desired property for diversifying market
portfolios.

The characteristics of private equity, the risk / return properties, its dependency on
market conditions and its correlation with other asset classes and macro economic variables
are of interest to Alternative Investments.

As mentioned before AEGON Asset Management uses quadrant models for the
evaluation and forecasting of asset class performance. Currently Alternative Investments only
uses a qualitative quadrant model for private equity.

Asset management and portfolio management are always viewed in arisk / return
perspective. This research only focuses on returns and forecasts of returns. The model
developed in this research will not specifically generate risk forecasts. On the strategic level
of portfolio management at AEGON Asset Management a certain allocation is assigned to
private equity. If that allocation is determined it is very important that the allocated capital is
monitored closely. Risks are minimised within the private equity allocation by diversification
over managers, geographic regions and different years. For portfolio management it is
important to understand what influences private equity performance in a macroeconomic
perspective.

Private equity is not a so-called timing asset class, it is not possible to invest today and
sell tomorrow or in three months. Nevertheless, a quantitative analysis of how the market
conditions influence private equity performance can be useful for long-term decision-making
processes.

With the problem identification in mind the main research goal is stated as follows:
Develop a quantitative quadrant model for private equity performance.

The goal of thisresearch istranslated into a research problem:

How can private equity performance be forecasted quantitatively?

It is not the intention of AEGON Asset Management to evaluate individual funds or specific
sectors. The research is meant to forecast private equity performancein general or otherwise
in alarge geographical perspective, for example the United States and Europe. Therefore the
quality of fund managers, the sector focus or other fund specific aspectsis not included in this
research.

Based on the research problem severa sub-problems are identified:
What are performance driversfor private equity?
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What private equity performance datais available to AEGON Asset Management?
What is an appropriate research method to relate private equity performance datato
performance drivers given the availability of private equity performance data?
What isthe reliability of the forecasting method?

2.2 Research approach

To find an answer to the research problem and the additional sub-problems two research
objectives are stated to structure this research.

Find relevant performance drivers for private equity.

This objective requires analysis of the private equity industry and relevant academic literature.
Specific characteristics of the private equity industry as well asrisk / return properties are
analysed. In this analysis research methods in literature are discussed.

Find and use an appropriate research method to forecast private equity performance.

Based on the results of the first objective aresearch method is to be specified. Private equity
industry characteristics, data availability and research methods used in literature have alarge
influence on the research method used. This method should be able to reliably relate
macroeconomic factors to (future) private equity performance.

The results from both objectives are used as input for the goal of this research: the
development of a quantitative quadrant model for private equity. This quadrant model assigns
values to different forecasting factors and each quadrant gives a private equity performance
forecast for six months to one year based on its unique set of factors. It is not the goal of the
quadrant model to find one single measure of expected future performance.

15

& WLEGON



Predicting private equity performance Coen Tolkamp

Chapter 3: Private equity characteristics

3.1 Introduction

In the search for risk diversification or return enhancement, institutional and other investors
are always looking for new opportunities. Easier access, ICT developments, globalisation,
increased liquidity, an increased product offering and a growing complexity characterise the
financial markets in the past two decades. All these developments are driving new investment
opportunities. These new opportunities are offering risk / return characteristics that are
appealing but sometimes are complex to understand. In this relatively young asset class, also
known as alternative investments, private equity and hedge funds are the most prominent
categories. Other dternative investments are for example commodities, real estate,
infrastructure, timber or carbon emission trading. These investments are not discussed in this
research.

These investment categories are said to offer a different alpha/ beta exposure compared to
traditional asset classes. Beta exposure indicates how sensitive security returns are towards
general market movements. Alpha exposure indicates that a part of a security returns are
independent of market movements.

Institutional investors are aways looking to outperform certain benchmarks.
Currently, ingtitutional investors are very interested in alpha exposure, adding value
independently of market movements is an appealing idea when trying to deliver strong
positive returns. Due to theilliquidity and opacity of the aternative investment categoriesit is
not always easy to determine whether ingtitutional investors face alpha or beta exposure.

Hedge funds offer a wide range of trading strategies based on bonds, stocks, futures, interest
rates and commaodities which are able to generate returns in both up and downwards markets.
This asset class is best known for its alpha exposures. Hedge funds are among the most
complicated asset classes due to opacity and complexity of trading strategies. Some trading
strategies are even controversial. An example of controversial hedge fund strategies are the
“activist-fund” strategies. These funds use activist shareholder methods and publicly “ attack”
listed companies. Recent examples are Paulson and Centaurus targeting Stork N.V. or TCI
targeting ABN Amro. For amore detailed discussion on hedge funds | refer to Nicholas
(1999).

Private equity funds are topic of this research. Whereas hedge funds are based on shorter term
trading strategies, private equity funds are focusing on long-term value creation. Just like
hedge funds, private equity funds do not have undisputed reputations. The historical evolution
of this alternative investment category has known some controversial activities aswell. In the
search for cost-reductions private equity funds could sell red estate and fire employees. The
use of considerable amounts of debt to structure transactions is al'so a well-known argument
againgt private equity. In the next sections the characteristics of private equity will be
discussed.

3.2 Definition

What is private equity? In essence private equity is the universe of all privately held equity
stakes. Usually private equity is not associated with all privately held equity stakes.
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The EVCA, the European Venture Capital Association uses the following definition for
private equity: “Private equity is the universe of al Venture and Buyout investing, whether
such investments are made through funds, fund of funds or secondary investments”.

Venture capital fundsinvest in companies that are in the first phases of the company life
cycle. These fundsinvest in and support young entrepreneurial companies, which often do not
generate profit or even sales yet. Thereis alow emphasis on active management of the
portfolio companies by the venture capital fund. These fundsinvest in approximately in 20-40
companies during their lifetime.

Buyout funds invest in more mature companies with steady (free) cash flows. Free cash flows
can be defined as the cash flows that remain after all projects with a positive net present value
arefinanced. Compared to venture capital funds there is more emphasis on active
management of the portfolio companies. These funds invest in 10-15 companies during their
lifetime.

Other forms of private equity funds are related with mezzanine financing or distressed
securities financing. These latter categories will not be discussed because of their minor
importance in the private equity industry.

3.2.1 Venture capital funds

Venture Capital (VC) funds often specialise in different stages of the company life cycle. A
venture capital fund can also lead a young company through the different phases depending
on the performance and potentials. Usualy venture capital funds hold minor equity interests.

VC funds are considered to be the riskiest investmentsin the private equity industry. The
target companies are small and not well diversified. The value created by VC fundsis based
on finding the best potential revenue generating ideas and companies. By accumulating a
portfolio of these companies, the probability that one or more of the portfolio companies will
grow exponentially increases. The few successful companies are the value generators for VC
funds.

VC funds can be distinguished by the maturity of the target companies:

- Seed stage: Investments in the seed stage are meant for research & development and
prototype development. This phase is the predecessor of the early stage phase.
Early stage: In this phase marketing and product development are the important
activities that need financing. Sales and thus profit are not generated yet.
Late stage: This phase requires financing for expansion and growth. The company is
breaking even and needs financing for production capacity or working capital.
Product or marketing development activities could require financing as well.
Expansion capital: The company reaches maturity and other investors purchase a
minority of shares. The majority of shares are still owned by the company founder.

3.2.2 Buyout funds

Where venture capita funds end financing, at the maturity of companies, buyout funds start
financing. Buyout funds usually acquire the majority of shares of mature companies with

steady free cash flows. These cash flows are essential for the repayment of debt. In essence
the companies repay the debt used for their own acquisition. The target companies are often
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restructured or strategically repositioned. After afew years the target company will be sold by
the private equity fund.

This mechanism of buying, reorganising and selling of companies obviously creates different
risk and return properties than ordinary stocks have. Industry professionals often relate the
skills of the private equity fund manager to apha generating capabilities. Due to the lack of
appropriate market information it is debated if private equity funds generate alpha at al.

In this research the definition of private equity is narrowed to buyout funds only.

3.2.3 Fund Structure

A private equity fund is afinancial vehicle (Limited Partnership) that invests in companies
during alimited time period of in general 10-12 years. After afund raising period, the private
equity fund closes and new entrants are not allowed. It isalso not allowed to leave the fund
once you are in. After thisinitial period, the private equity fund starts investing in companies.
If the general partner (GP) finds investment opportunities, he will give a capital call to each
of the limited partners (LP), the investors. At that moment the LP' s are obliged to submit a
portion of their commitment. If aportfolio company is sold the revenues are distributed to the
limited partners. The vintage year of afund marks the start of the funds investing activities.

The genera partner usually earns management fees and a performance incentive, aso known
asacarried interest. The carried interest is based on value growth beyond a certain level, the
hurdle rate.

The mandate of the limited partnership arranges aspects of the investment scope, commitment
features and financial agreements. Typical aspects are: the geographical investment scope, the
frequency and magnitude of capita calls, the specific sector focus, type of deals, type of exit
strategy etc. The fund is usually structured to benefit the investor in terms of tax regulations
and legal jurisdictions. To prevent an additional tax layer the fund is based on a transparent
limited partnership.

There are several waysto invest in private equity. A direct investment in private equity means
that you select and invest in companies yourself.

Anindirect investment in private equity is established with a private equity fund. A fund
manager (the GP) controls the fund you are investing in. This construction inevitably requires
a management fee.

The most indirect approach is the fund-of-fund investment. A fund-of-fund manager selects
private equity funds for investors. A disadvantage of this congtruction is that it requires a
double fee layer. The advantage is that your investment in private equity iswell diversified
over different vintage years, geographies and possibly different stages and phases.
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Figure 4 Direct and indirect private equity investing

Some investors prefer publicly listed private equity vehicles because of liquidity issues. A
disadvantage of listed private equity vehiclesis that their stocks usually trade at a discount to
the Net Asset Value (NAV) of the underlying fund. These stocks are aso highly correlated to
stock market movements, a potentially undesired characterigtic.

The secondary market for private equity investments or even entire private equity portfoliosis
developing but mostly offer unfavourable conditions to sellers.

3.3 Historical development

Thefirgt private equity funds date back to 1945 and 1946. The Industrial and Commercial
Finance Corporation was the first officia private equity fund, founded in 1945 in the United
Kingdom. This fund still exists under the name Investorsin Industry or 3i and is alarge player
with thousands of companiesin its portfolio. One year later, the first United States private
equity fund, Whitney, was founded.

The private equity industry has grown significantly since that first period.
Governments stimulated the availability of capital for small businesses in the post war period.
In the 1970’ s the legal possibilities increased by the introduction of the limited partnership
congtruction. With this limited partnership construction and the regulatory changes for banks
and pension funds in the 1980’ s, the private equity industry really started to grow in size. In
this period, large ingitutional investors took over the role of private individuasin investing in
private equity. In the 1980’ sthe industry became generally known when large takeovers were
executed by private equity funds. After asmall recession in the early 1990’s, the number of
private equity funds increased enormously in the late 1990's. After the “internet-bubble” in
the year 2000, the private equity industry and its venture capital category experienced afew
hard years. However, the industry has showed its resilience, mostly based on globa macro
economic growth.

3.3.1 The development of private equity strategiesin the past 25 years

According to Smit (2002) the strategy of private equity funds evolved in the past decades. In
the 1980's, highly leveraged buy-outs were the main method for private equity funds to earn
money. A short-term profit making focus was the main driver for the industry. This resulted
in abad reputation for the private equity industry. In 1992, at the peak of this development,

2 Source: Robeco research paper
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private equity strategies started anticipating more on growth. Instead of being aggressive
takeover firms, private equity cooperated with the takeover target and invested in growth with
capital, management advice and business network support. A more long-term vision replaced
the short-term money making vision. At the end of the ninetiesin the last century, strategic
industria players became fierce competitors for private equity funds. Private equity funds
turned their growth strategy into a buy-and-build strategy. Private equity funds may for
examply purchase several companies and ultimately merge them in one consortium with the
objective to create added value.
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Figure 5 Number of buyout funds (US and Eur ope)

3.4 Fund lifecycle

The lifecycle of a private equity fund consists of 4 phases that are overlapping. All of the four
phases are crucid to the performance of a private equity fund. In the next section all phases
with their specific characteristics will be described.

3.4.1 Fundraisng phase

The fund raising phase starts the cycle. Without funds a private equity fund is not able to
invest. This phase normally takes between half a year and two years.
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Figure 6 Fundraising buyout funds (US and Europe)
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3.4.2 Investing phase

After the fundraising phase private equity funds start investing. The investment phase can last
up to 6 years. The target companies are either publicly listed or privately held. If companies
are publicly listed, private equity funds preferably delist these companies.

Usually private equity funds use debt to finance their acquisitions. So for successful investing,
private equity funds rely in this phase on favourable market conditions to purchase debt and
to acquire a company. Short-term and intermediate-term interest rates for low-grade bonds are
the most important factor in this phase.

3.4.3 Holding phase

The phase between investing and divesting is called the holding phase. In this phase the target
company is restructured or strategically reoriented. Aim of a private equity fund is to create
shareholder value in this phase. In this phase the private equity fund, asalarge (or largest)
shareholder, has alarge influence on the management of the company. With this influence the
private equity fund tries to maximise the value of the target company. The factors described
below are only important in the holding phase of the private equity fund.

According to Van der Wurf & Mertens (2001) private equity funds create shareholder value
with three different factors: stakeholder, operational and financial factors.

3.4.3.1 Sakeholder factors

According to the agency theory there is a distinction between management and the
shareholders. The agent, the management, makes the operational decisions for the principal,
the shareholders. The interests of the management may not comply with the shareholders
interests. Due to these potentia conflicting interests agency costs will emerge like monitoring
costs and bonding costs. Bonding costs are costs that arise from legal issues between the
principal and the agent.

In aleveraged buyout (LBO) the management usualy gets a stake in the new
company. In the new situation the management’ s interests are aligned with that of the new
shareholders, the private equity fund. In this situation no costs are related to the principal-
agent problem.

The management of companies usually has an information advantage compared to its current
shareholders. Due to this information asymmetry the management could be able to buy the
company (with the help of a private equity fund) because of hidden value unrecognised by the
current shareholders (Van der Wurf & Mertens (2001)).

3.4.3.2 Operational factors

After alignment of interests the management will focus more on profitability (instead of
growth by acquisitions). This focus is driven by management equity stakes and interest /
redemption of the debt burden used for the acquisition. Non-core activities (and sometimes
red-estate) will be sold.

With active cost management and working capital management the productivity of leveraged
buyouts is usualy higher than before the LBO. Higher profit margins, higher capital
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investments, higher turnover per employee and a more efficient use of working capital are
measured indicators in reported research (Van der Wurf & Mertens (2001)).

3.4.3.3 Financial factors

Short-term cost management is used to serve the debt; this increases efficiency of a company.
Ultimately this short-term cost management will be the basis for long term performance. This
last statement has not been confirmed in literature yet.

High financial leverage used in the acquisition requires management to make value creating
decisions and efficiency improvements. The capital structure of the company will be
improved and non-core activities will be sold. High interest and redemption costs will affect
theresilience of a company. This can be compensated by the increased operational efficiency.

The free cash flow theorem states that managers try to invest as much as free cash flow as
possible in new investment projects because their bonuses are related to company size. The
free cash flow is defined as the remaining cash flow after all investment projects with positive
net present values are financed. By financing an LBO with debt, the free cash flow will be
minimised and this will prevent managers from investing and making acquisitions (Van der
Wurf & Mertens (2001)).

3.4.4 Divesting phase

From year 3 private equity funds start divesting up to the last year of the funds lifetime.

An exit of the companiesis either done by an Initia Public Offering (IPO), atrade sale, a
secondary buy out or even awrite off. A paradoxical result could be adelisted company that
is brought back to the stock market by a private equity fund.

An PO isnot acommonly used exit route. Only experienced private equity funds use this
(expensive) exit route if the market conditions are favourable. |PO’s are usually clustered in
small time intervals with strong market sentiments often related to strong stock market
performance. An PO could generate significantly more value for the private equity fund than
other exit routes.

A trade sale, or an exit viaastrategic buyer, is the most preferred exit route. This route
usualy generates the best value compared with the internally reported vaue.

A secondary buyout is used when an IPO or atrade sale are not available options. A
secondary buyout is the sale of a company to another private equity fund. A secondary buyout
will generate less value compared to an IPO or atrade sale. A lack of trade sale and IPO
opportunities and the increase in private equity investments created an increase in popularity
of this exit route in the past 5 years.

3.5 Cash flows

Unlike stocks or bonds there is no continuous trading in private equity funds. Because
continuous trading does not exist, prices or valuations are not available at any given moment.
Usually private equity funds provide financia information on aquarterly basis. This
information is only meant for LP' s and not for public markets. This financial information
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includes the valuation of the current portfolio, which is a subjective figure. The financial
information is not broadly available in the market, which is a specific characteristic of private
equity. Thismakesit hard to do quantitative performance research on private equity.
Jenkinson (2006) and others acknowledged this issue and thisis still abig challengein
researching this asset class.

For LP sit isdifficult to measure performance of their private equity investment. Besides the
fact that the portfolio of companiesis valued subjectively, the timing and magnitude of capital
cals and the timing and magnitude of return distributions are often unknown. These capital
calsand return distributions are usually analyzed in acash flow framework to measure
performance. Of course market and deal conditions combined with the quality of the private
equity fund influence these uncertain distribution properties.

3.5.1 Private equity phasesand the J-Curve

Every phase in the private equity lifecycle has a distinct effect on the cash flow pattern of a
private equity fund. The investment phase obvioudy generates negative cash flows. When the
fund starts divesting, positive cash flows are generated. When both cash flow sequences are
combined a net cash flow sequence emerges. A private equity fund can also be characterised
by its Net Asset Value (NAV) pattern. The net cash flow pattern of a private equity fund is
often called the J-Curve. In the figure below a stylised J-curve is presented.
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Figure 7 J-curve private equity

Only fully liquidated funds have a determined performance measured by the Internal Rate of
Return (IRR) or amultiple. For funds that are not liquidated yet, the performance is calculated
based on the investments and divestments so far and the reported estimated NAV. The
companies in the private equity fund portfolio, or the NAV, are valued by the genera partner
on aquarterly basis and provide an indication for future cash flows. Valuing companiesis an
arbitrary exercise. The GP could provide too positive or too conservative valuations to the
fund’s LP' s and this distorts performance measurement for the LP's.

3.5.2 Company valuation methods

Private equity funds frequently value their portfolio to inform the limited partners. With this
valuation the limited partners can evaluate the value development and “ performance” of their
investment. Private equity funds use the NAV metric to indicate the value of the companiesin
portfolio. Obviously, the portfolio companies are not sold yet and the determined valuation
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does not need to be equa to the price offered by the market in case of an exit. Ergo, valuing
companies is a subjective matter and evaluating performance based on subjective valuation
requires caution.

A vast body of literature is written on valuing companies. Both professional and
academic literature provides a range of valuation techniques and methodologies. The next
section will classfy the most commonly used methods for valuing companies. Key
determinants in using a certain valuation method are expected growth, the size and maturity
of acompany.

Corporate finance professionals usually use several methods parallel and generate a
certain bandwidth for the value of a company. This bandwidth is based on unfavourable,
intermediate and favourable future scenario forecasts.

Asset valuation and income valuation are the two main approaches for valuing
companies. (Source: http://www.ventureline.com/bizval .asp) The former method will be
treated first and subsequently the latter. The two main approaches are not inflexible; they can
be combined to improve the valuation. A third approach is based on company comparisons,
also known as “multiple-analysis’, which will be described as well.

3.5.2.1 Asset valuation

Asset valuation uses mainly the balance sheet as a foundation for the company valuation.
Traditionally this was the only method of valuing a company. In the early days, you only used
the book value of assets minus debts and that was the value of a company. Asset valuation is
still based on this basic principle but new (additional) methods have been developed. The
adjusted book value method, economic balance sheet method and the liquidation method are
examples of the extended book value method.

3.5.2.2 Income valuation

Income va uation uses the P& L account for valuation calculations. The methods based on
income valuation analyze the cash flow and profit generating abilities of a company. Methods
in this category are: capitaization of earnings, discounted future income, discounted cash
flow and the economic income method.

3.5.2.3 Multiple analysis

The previous two methods were implicit methods. The valuation is based on internal,
company unique information. This method, the multiple analysis, is an explicit method that
compares certain profit and sales multiples with comparable publicly listed companies. For
this analysis, comparable companies preferably are from the same industry and have the same
Size and maturity.

3.5.3 Remarks

It is beyond the scope of this research to give athorough analysis of the methods mentioned,
for more information on this subject | refer to Brealey & Meyers (2003). It isimportant to
understand that there is no general rule for determining the value of a company, which gives
room for subjective valuations. The uncertainty of subjective valuations will affect the way
private equity performance is measured.
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3.6 Private equity performance measur ement

This research focuses on factors influencing future performance of private equity. For this
reason it is of key importance to have methods to measure private equity performance.
Measuring private equity performance is not straightforward and not immediately comparable
with other (more liquid and publicly listed) asset classes. The next section will describe
severa performance measurement methods with their (dis-) advantages. Usually several
methods are used to measure and present private equity performance, in this way the
disadvantages of each method are diminished.

A simple but effective private equity performance measurement method is the multiple
method. The multiple is the ratio of the cash inflow and the cash outflow. If this multipleis
larger than one, the private equity fund has created value. Usually when investments are held
for longer periods the private equity fund is able to create more vaue. The related
distributions are larger and thus positively influencing the multiple. The multiple can be
subdivided in distributed value to paid in capital (DPI) and residual vaue to paid in capital
(RVPI); combined it istotal value to paid in capital (TVPI):

SDistributions + SResidual Value
SContributions SContributions

TVPI =DPI + RVPI =

But as mentioned before, the time value of money is important to calculate the real
performance of a private equity fund. The disadvantage of this method isthat it does not
incorporate the time value of money.

A method that incorporates the time value of money is the Internal Rate of Return (IRR)
method. For example Ljungqvist & Richardson (2003) use the excess IRR based on the S& P
500 index to analyze the profitability of private equity funds. This method is based on in and
outgoing cash flows and on the Net Present Value (NPV) method. The IRR isthe return rate
that resultsin a NPV of zero. Obviously, the NPV method is also a way of measuring private
equity performance. The disadvantages of the NPV method are equal to that of the IRR
method. The first disadvantage is that the fund managers determine the NAV of an unsold
portfolio. The second disadvantage of the IRR method isthat the time pattern of cash flowsis
unknown so officially the cash flows need to be reinvested at an interest rate equal to the IRR.
The second disadvantage is that the IRR rate is not straightforward comparable with stock and
fixed income markets. In these markets, performance is measured accurately with recorded
returns in predetermined time intervals with so caled Time Weighted rates of Return (TWR).
Thereturnsin each of these periods are equally weighted unlike the IRR method that depends
on the time pattern of cash flows.

In the case of IRR measurements it is important to notice that IRR numbers can be non
unigue. If a sequence of cash flows has more than one sign change (For example: -3, +2, +2, -
1) more than one IRR number can be calculated (Brealey & Meyers (2003)) In the rest of this
research it is assumed that J-curves only have one sign change and thus exhibit one unique
IRR number.

To compare returns of private equity with stock market returns, one can adjust the IRR
metric. Thismetric isa TWR metric using periodic IRR’s. The NAV of a portfolio at the
beginning of aquarter is marked as a negative cash flow and the NAV of a portfolio at the
end of that quarter is marked as a positive cash flow. The cash flows in this period generate an
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IRR, which in histurn is comparable with an ordinary stock time series. The time-weighted-
IRR of several funds can be combined to create a “private equity market” rate of return series.
This method still relies heavily on subjective NAV figures.®

The IRR method uses the NAV of a private equity portfolio to be calculated. The NAV isa
subjective metric as mentioned before. To cope with this subjective figure one could use the
Public Market Equivalent (PME) measurement method. Kaplan & Schoar (2003) use the
PME and find that the average fund returns are comparable with the S& P 500 returns. This
method is able to compare the IRR results with public markets. The methodology is based on
timing investments and divestments in an index when a private equity fund has draw downs
and distributions. This strategy replicates the irregular investment and divestment pattern. The
investments and divestments in the return index can be adjusted in magnitude to ensure a
better fit in NAV at the end of theinvestment period. An improved version of PME is PME+,
which will not be discussed here.*

Phalippou & Zollo (2005) use a profitability index (PI) to measure the return of a sample of
mature private equity funds. This profitability index uses the present value of cash inflows
and divides them with the present value of cash outflows. In their research the return of the
S& P 500 is used as the discount factor. Outperformance of thisindex is measured if the Pl is
larger than one.

3.7 Private equity risks & risk measur ement

Compared to other asset classes private equity exhibits unique risks. This section will describe
the most important distinguishing risk factors. Private equity risks are described by numerous
authors and in this section the risk descriptions are based on the Partners Group Research
Series.

3.7.1 Liquidity risk

Private equity fund investments are subject to liquidity risk. Liquidity of public securitiesis
measured by the bid-ask spread (among others). A larger spread indicates a lower liquidity of
the security. Due to infrequent and subjective valuations of portfolio investments by private
equity fundsit is complex to determine a bid-ask spread. The question is: are potential buyers
willing to pay the price you ask for the investment given your valuation?

Rational investors would demand a compensating liquidity premium for the liquidity risk.
What is a reasonable premium for private equity investments? There are several factors
influencing the bid-ask spread of private equity investments. Infrequent and subjective
valuations, asymmetric information, long holding periods, transfer restrictions and other
factors are of importance to answer the question.

A quantitative analysis of liquidity risk will not be given here. For private equity it is
important that portfolio companies cannot be sold at any moment for your desired price.
Unless you lower the price (this is the bid ask spread) and sdll it, but this obvioudy affects
private equity performance.

3 Source: Robeoo research paper
4 Source: Private equity benchmarking with PME+, Christophe Rouvinez
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Financial markets circumvent these liquidity issues. Listed private equity funds offer the
possibility to invest in private equity stocks with high liquidity. Securitisation of private
equity portfolios creates securities with private equity exposure but with more liquidity.
Secondary buyouts, a portfolio company is sold to another private equity fund, are
increasingly popular with private equity funds. Obviously this liquidity solution affects
private equity performance due to the applied discount (bid-ask spread). Secondary buyouts
are expected to become one of the most important exit routes for private equity in the future.

3.7.2 Businessrisk

Private equity funds invest in companies with specific characteristics like for example large,
stable cash flows (for debt repayments), mature industries and with the potential to improve
efficiency. Although the portfolio companies are stable companies, they still are exposed to
the business cycle or economic conditions.

Funds starting in the same vintage year will face comparable economic exposures during their
life time. For exampleif private equity funds of a certain vintage year experience low or even
negative economic growth the underlying companies will not perform as good as in other
periods. Diversification across several vintage years isaway to mitigate this risk and other
business risks.

3.73Interest raterisk

Private equity performance depends largely on the leverage used in the acquisition of
companies. The debt aswell asthe interest has to be repaid by the company. The large and
stable cash flows of the company should be sufficient to repay both within a certain period,
usualy 5-6 years, until the exit of the company is planned.

Depending on the type of debt used, changing interest rates could threaten the available free
cash flow of a company. If interest rates increase substantially a portfolio company may fail
to meet itsfinancial obligations. This research will not discuss all possible (exotic) kinds of
debt financing used in the private equity industry.

3.7.4 Manager risk

For institutional investorsit isimportant that their private equity portfolio generates good
results. Selecting the right private equity fund managers is of high importance. Managers
differ in experience, network, strategy, sector-focus, regional focus, deal-size, reputation,
integrity, historical track record, consistency of returns etc. A thorough due diligence phase
prior to investing in private equity funds based on the before mentioned aspects is necessary.
Manager risk can be mitigated by investing in several managers based on thorough due
diligence.

3.7.5 Risk measur ement

Due to high leverage and liquidity risk in private equity, it is said that private equity
investments exhibit more risk than ordinary assets. But it is a'so mentioned that private equity
funds strongly focus on efficiency programs and overall cost reduction. This should make
portfolio companies less vulnerable to economic downturns in comparison to industry related
companies.
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Unlike most other investments private equity isilliquid and does not exhibit continuous
pricing. Changesin valuation levels are measured on a quarterly basis. For other asset classes,
like stocks, it is common to measure the volatility as an indication for risk. This measure
cannot be used in private equity because of the absence of unbiased and high frequent
valuations. Private equity valuations are subjective and infrequent.
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Chapter 4: Risk / return propertiesof private equity

Since private equity funds differ substantially from other asset classes a structural analysis of
therisk and return propertiesis desired. The risk and return properties of private equity are
not easy to deduce from available performance information in the industry. Several authors
use different measurement methods to analyse risk and return properties of private equity. The
results of this academic research are not unanimous. Different measurement methods seem to
generate different results. An ongoing academic debate is the potential premium or apha
generated by private equity funds. Related to this debate is the extent of the correlation
between private equity and stock markets. It seems that a proper risk adjustment for
performance is important to determine reliable results.

After ashort introduction in the conventional analysis framework, the capital asset pricing
model, the second section discusses the systematic risk and return properties of private equity.
Thirdly, the complementary unsystematic risk and return properties are anal ysed.

4.1 Capital asset pricing model

In financial literature risk and return properties are often analysed with the Capital A sset
Pricing Model (CAPM). This model determines how risk and return characteristics of a
security are related. Thismodel will aso be used in the analysis of the risk and return
characteristics of private equity.

The return of a security can be seen as a combination of systematic return and unsystematic
return. The systematic return is proportionally related to the market return R,, . The factor b
indicates the sensitivity of the security with the market. The idiosyncratic return is
independent of market movements and is expressed by a. The formulais completed by the
error term with a zero mean.

R=a +bR, +e

The capital asset pricing model only uses the beta of the security to determine the expected
return. Alpha returns, both positive and negative, can be added to the expected return
caculated according to CAPM. Alphais ameasure for excess return and related to
unsystematic risks. Factors like liquidity and information asymmetry are not incorporated as
in the CAPM modedl. R; istherisk freerate. This model describes the return of an individual

security in relation to the market.
E(R) = RF + bi[E(RM)' RF]

Systematic risk can be expressed as: b * stdev(R,, )
Unsystematic risk can be expressed as. stdev(e)

For amore detailed discussion on the CAPM modé | refer to Luenberger (1998) and Fabozzi
& Modigliani (2003)
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4.2 Systematicrik & return

Private equity investments and thus private equity funds have a complex risk profile. The risk
profile is changing over time (due to strategic, operational and capital structure changes of
underlying investments) and cannot be compared easily with other asset classes. Therisk
profile of asingle private equity investment changes during its lifetime. A company is
purchased with a certain equity beta. Theinitial leverage amplifies this market exposure.
During the lifetime of the investment the leverage decreases due to the debt repayment and
thus the market exposure decreases consequently. The declining leverage in private equity
investments creates a dynamic risk profile. An average private equity fund holds
approximately 10-15 investments. These investments all have this dynamic risk profile. The
investments, probably differing in industry sectors or geographical areas, all have different
initial market exposures and different market exposures at exit. It is very complex to analyse
the risk exposure of the complete private equity fund portfolio during the different phases. For
fund of fundsit is even more complex to analyse the market exposure of the portfolio.

Systematic risk or undiversifiable risk is related to beta or market exposure. This risk depends
on market developments and cannot be diversified. Like other companies (privately held and
listed) private equity companies are exposed to the market and thus exhibit undiversifiable
risk aswell. Private equity fundsinitially focus on low volatility companies with alow
correlation to market movements (Groh & Gottschalg (2006)). This allows the funds to
reorganise a company without having too much market exposure with potential negative
consequences. However a company is acquired with a considerable amount of leverage that
increases the business risk of the equity. This leverage decreases over time and the business
cycle sensitivity of the equity (or NAV) decreases as well. One could draw a beta exposure
curve that represents the theoretical market exposure of aprivate equity fund. This curve
depends on the investment and divestment timing of the individual investments of a private
equity fund and is thus related to the J-curve. Other driving aspects are the leverage profile,
equity weights of each investment, portfolio investment maturities and investment industry
sectors.

Groh & Gottschalg (2006) analysed operating and leverage risk to adjust private equity
performance for systematic risk in the US. In their article comparable companies (size and
sector) are “re-leveraged” to get the same risk profile as the aready leveraged buyout
companies. Both groups then exhibit the same equity beta. During the holding period the
leverage in the buyout group decreased and so the leverage of the control group was adjusted
consequently. After the holding period of the leveraged buyouts, the company values of both
groups were compared. In their analysis the authors find that when adjusted for systematic
risk leveraged buyouts outperform comparable companies. The method the authors used
required confidential company specific information which was available for the first time.
The calculations the authors used are an indirect way to measure market risks related to
private equity investments. Re-leveraging comparable companies can reveal market risk
exposure.

Other authors also analysed private equity performance and adjusted risks differently. The
different risk adjustment methods result in different research results (Ljunggvist &
Richardson (2003), Kaplan & Schoar (2005) and Phalippou & Zollo (2005))
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To determine risks related to private equity investments it appears necessary to use precise
information regarding target companies and their capital structure developments as well as
precise industry related data.

4.3 Unsystematicrisk & return

Unsystematic risk or diversifiable risk is related to company specific events. Unsystematic
risks can be diversified; unsystematic returns occur independent of market movements. Alpha
isameasure for the average unsystematic return over a certain period.

Private equity is believed to generate high alphareturns and low beta returns. This means that
private equity funds are able to generate returns largely independent of (stock) market
movements. Whereas in traditional asset management alphais generated by superior stock
selection skills by portfolio managers, in private equity investing, it is believed that aphais
generated by superior skills of the genera partner. The GP is able to raise sufficient funds,
finds good investment opportunities, is able to structure adedl, is able to add value to the
investment company by reorganising (strategically, operationally or financially), and is able
to exit the investment successfully. All these and supporting activities are said to generate
alpha returns independent of market movements.

Ick (2006) analysed risk and return characteristics of private equity compared with public
equity. He bases his analysis on the IRR and PME measure and finds that downside deviation
and shortfall are better risk measures than standard deviation because of the non-normal
return distribution of private equity. The author compares the Sharpe-ratio, a modified
Sharpe-ratio and Omega as an alternative risk measure.

_rf

;
The Sharpe-ratio represents the excess return per unit of risk: S= , Where the numerator

S
represents the excess return over the risk free rate. The latter two risk measures are not
discussed here. The author acknowledges that the volatility measure used in all used risk
measurement techniques is based on industry clusters and is not representative for private
equity investments according to other research. The author concludes that private equity
investments are of limited quality and that finding a good GP is very important.

4.4 Remarks

Capturing private equity in the conventional CAPM framework is not as easy as with other
asset classes. The underlying risk and return characteristics of private equity funds and
investments are not clear and not calculated uniformly by all authors. This problem will
remain as long as there is an information scarcity about private equity investments.
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Chapter 5: Private equity investmentsin an institutional portfolio

5.1 Markowitz portfolio theory

To analyse private equity in a portfolio perspective, a thorough understanding of portfolio
theory is necessary. The portfolio theory developed by Nobel Prize laureate Harry Markowitz
(Markowitz (1952)) is the most frequent used framework in the financial industry.

The construction of an asset portfolio is based on maximizing return with a given level
of risk. The portfolio theory provides the framework to generate the optimal portfolio for its
investor. Due to diversification effects the total risk of a portfolio with assetsis not equal to
the aggregated risk of the included assets. The return of a portfolio is equal to the weighted
average of the included assets.

The Markowitz portfolio theory is based on a mean-variance framework. The return or the
mean of a portfolio (E(R,)) isequal to the weighted average of the expected returns of the

individua stocks (R;):

E(R.) =8 PR

=1

Therisk or the variance of the portfolio (Var (R;) ) is based on aweighted covariance matrix
that eliminates correlations between G stocks (the diversifiable part of risk):

G G
Var(R;) = é é WgWhCOV(Rg’ R.)

g=1 h=1

Both the return and the risk data can be based on different data series. Historical data or
Monte Carlo simulations can be inputs for the portfolio analysis (Crouhy, Mark, Daa
(2000)).

By changing the weights of the individual assetsin the portfolio, other risk/return
combinations are generated. With the available assets any portfolio can be created and are
caled feasible portfolios. The collection of all feasible portfolios can be graphically
represented as a feasible set of portfolios.

A portfolio that generates the highest expected return of all feasible portfolios with the same
level of risk isa Markowitz efficient portfolio. These portfolios are al portfolios on the upper
part of the curve in the graphical representation of the feasible set of portfolios, the so-called
Markowitz efficient frontier. For more information on Markowitz portfolios and portfolio
theory | refer to Fabozzi & Modigliani (2003) and Luenberger (1998).

The Markowitz portfolio theory assumes that the assets included have comparable risk and
return measurement characteristics. Originally the theory only compared listed stocks. The
inclusion of illiquid assets (like private equity) and assets with other risk measures (like
private equity) need special attention in portfolio theory. The next section will discuss these
issues.
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5.2 Private equity in an institutional portfolio

Since private equity doesn't have easy to compute mean-variance and correlation
characteristics, it is not smple to anal yse private equity in aportfolio perspective as discussed
in the previous section. Alternative approaches or assumptions on characteristics are used to
analyse institutional portfolios with private equity added to them.

Several authors analysed private equity investmentsin an institutional portfolio (Koren &
Szeidl (2002), Zimmermann et a. (2005), Schneeweis, Karavas, Georgiev (2002) and
Schmidt (2004)). In their articles they try to assign portfolio allocation weights to private
equity and anayse the risks and return characteristics of the entire portfolio (in different
market conditions). The authors use different proxies for private equity performance and this
leads to different conclusions. At this moment there is no accurate and unanimous method to
analyse private equity in a portfolio context.

5.3 AEGON, private equity and por tfolio management

AEGON adopted fund-of-fund investing as a way to structure private equity exposure. The
Net Asset Value of AEGON'’s private equity investments on the 31% of December 2006 were
EUR 591 million. Not all committed cepital has been called at this moment, but thisis
inherent to private equity investing.

As mentioned in the introduction, AEGON offers a range of investment funds and has added
private equity exposure to some mix funds. AEGON does not offer funds that are entirely
exposed to private equity. The current private equity fund-of-fund investments at AEGON
Asset Management have a European focus.

Asof per June 1% 2004, AEGON Asset Management launched the AEGON Private Equity
Fund. Not all characteristics described earlier are applicable to this fund. The AEGON Private
Equity Fund is more customised and gets round theilliquidity issues and the structure of
commitments and capital cals. No long-term commitment is necessary; there is apossibility
to enter or to leave the fund twice a year. It is not possible to invest directly in this fund, in the
near future it is meant as an improvement of the risk-return profile for existing funds.

AEGON uses private equity to generate alpha in portfolios and not specificaly for risk
diversification. The general opinion at AEGON is that private equity has a strong correlation
with stock markets and that it does not offer specific risk diversification. By investing in a
fund-of-fund approach risks are diversified across industry sectors, vintage years, managers
and countries.
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Chapter 6: Private equity performancerelated literature

This chapter discusses private equity performance attribution in literature, gives an overview
of the (non-) literature related performance indicators and briefly highlights research methods
in literature as well as frequently mentioned biases.

In the first section performance driversin literature are discussed. This part is structured as
follows. The first subsection describes the effects of the financing environment. Private equity
investments are structured with a significant amount of debt. The leverage aspect is a critical
element of the success of private equity. The second subsection describes performance factors
in the business environment. Obviously private equity fundsinvest in companies that are kept
in portfolio for a certain period. These portfolio investments will depend on the same business
environment as other companies. The last subsection describes the dependency of private
equity on market conditions. Private equity funds need to raise money, buy companies and

sell them eventually. For these transactions participating counterparties are necessary.

In the second section an overview of al (non-) literature related performance drivers are
presented. The performance drivers are based on literature, advice by portfolio managers a
AEGON Asset Management and the current qualitative quadrant model. The parameters
mentioned are used in subsequent chapters (7& 8) for further research.

The last section discusses research methods in literature. It isimportant to understand
commonly used research methods to determine a research methodology for this project. This
section also discusses a few information biases, often reported by academics in private equity
research.

This research focuses on the private equity market in general. A lot of literature is devoted to
individua fund and investment company performance. For example fund size; geographical
focus, sector focus or GP skills are popular research subjects. These subjects will not be
treated in this literature section.

The problem with private equity research is the availability of relevant data. The available
data mainly comes from commercial databases. These databases are compiled of self-
reporting private equity funds. A self-selection bias and survivorship bias are inevitable.
Private equity funds that report performance base these numbers on valuations of portfolio
companies. The arbitrary nature of these numbers creates a valuation bias. In the second part
research methods in literature will be discussed and bias reduction methods will be
highlighted.

6.1 Performancedrivers

Private equity depends on several phases to be successful. In each of these phases private
equity isexposed to certain risks. In literature this fact is recognised and certain performance
drivers are related to certain performance aspects. In perspective of the different phases and
risk exposures the performance drivers are discussed in subsequently the financing
environment, business environment and the market environment.

6.1.1 Financing environment

Private equity investments are structured with significant amounts of debt. The investment
companies repay the financing debt that is used in the acquisition. Van der Wurf & Mertens
(2001) discuss how the acquisition capital structure and its underlying legal structure work
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(the structure is based on afiscal unity). Preferably potential target companies have a large
free cash flow to be able to repay the debt loads. For private equity funds the availability of
debt and the interest rates are important factors that influence private equity performance.
Several authors anaysed the effects of interest rates and credit spreads on the performance of
private equity funds.

Groh & Gottschalg (2006) analysed buyout performance by comparing buyout companies
with areplicating strategy. The authors re-leveraged a sample of comparable S& P 500
companies with an equal risk-profile. In their analysis the IRR’s of both categories were
compared and buyout investments appeared to significantly outperform the replicating
strategy sample.

Phalippou & Zollo (2005) find that the level of corporate bond yields at the time that
investments are made are significantly affecting private equity performance. The authors used
BAA-rated corporate bond yields for their study. Credit spreads at the time that investments
are made affect private equity performance but not as strong as BAA-rated corporate bond
yields. Private equity performance decreases if BAA-rated corporate bond yields increase
during the holding period of investments. In this research all relevant factors were related to
all specific private equity fund phases: fund raising, investing, holding period and divesting.
The authors have found several other significant factors that will be treated in alater stagein
this literature section.

Bauer, Bilo & Zimmerman (2001) find that listed private equity is sensitive to changesin
credit spreads and TED spreads. The authors measure credit spreads as the difference between
AAA-rated and BAA-rated corporate bonds. TED spread is the spread between the 90-day US
treasury bills and the 3-month Eurodollar deposits.

6.1.2 Business Environment

Buyout funds prefer investing in mature companies with large free cash flows and potential
reorganisation possibilities. A reorganisation could be financial, operational or strategic.
Mature companies that operate in stable sectors exhibit alower operational risk profile than
average in the market (Groh & Gottschalg (2006)). The free cash flows are used to repay the
debt used for its own acquisition. Despite alow operational risk profile the buyout investment
companies are still exposed to the general economic environment. Severa articles have
identified business environment or macro economic factors that influence private equity
performance. The business environment mainly influences the holding phase of the private
equity fund cycle.

Phalippou & Zollo (2005) find that private equity is significantly pro-cyclical. GDP growth
and the average level of interest rates (already discussed) respectively affect private equity
performance positive and negative. Both relationships are significant. The authors find that
these factors are particularly important when investments are made. Stock markets are
significantly correlated with private equity performance, especially during the holding period
of investments. The authors aso related the returns of call options on the S& P composite
index to private equity performance and found a significant positive relationship especially
during the holding period of investments. Concluded from this finding isthat private equity
funds possess tail risk or non-linear systematic risk.
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Bauer, Bilo & Zimmerman (2001) find a positive correlation between listed private equity and
stock markets. The authors dso find that global GDP growth rate is significantly positively
correlated.

Contrary to other research Diller & Kaserer (2005) find that for European private equity funds
stock markets are unrelated and that the state of the economy is negatively correlated with
private equity performance. The focus of their research is the analysis of fund inflows and the
effects on performance. The authorsrelated the stock market performance of the vintage year
of the fund to the final return of the vintage year. This approach is quite misleading when
compared with other articles.

6.1.3 Market Environment

Private equity investments do not have continuously quoted prices. The exact price or
valuation of an investment only occurs at the moment of investment and divestment. Private
equity funds face specific risks at every phase of the private equity fund cycle. Fird, private
equity funds need money; a successful fundraising phase is of key importance. After the
fundraising phase private equity funds need to invest their money. Dependency on credit
markets and the merger and acquisitions (M&A) market is unambiguous. After acertain
holding period where private equity depends on general market developments an investment
needs to be exited due to the limited lifetime of a private equity fund. The exit phase depends
on favourable exit conditions such as astrong M&A and PO market.

In the three phases described here, market interaction isinevitable. Private equity funds
depend on willing markets. The competition on these markets affects these phases in another
way than in the holding phase. Private equity funds have to compete with each other as well
as other strategic buyers and sellers, hedge funds, other asset managers etc. This makes
private equity a complex asset class with very specific risks related to specific phases.

6.1.3.1 Fundraising phase

An important article on the fundraising phase and the impact on private equity performanceis
written by Gompers & Lerner (1999). These authors state that capital inflows in venture
capital funds increase valuations of new investments. Obviously this impacts venture capital
performance negatively. A comparison with buyout fundsis not straightforward but aparalel
pattern could be evident.

Gottschalg & Zipser (2006) analysed the effects of supply and demand of private equity
financing on the performance of buyouts. The authors assess whether the efficient market
hypothesis or price pressure effects in behavioura finance theory is valid. The results are
twofold: a“money chasing deals’-effect and a*deals chasing money” -effect. Supply of
buyout funding has a significant negative impact on buyout performance and the demand for
buyout funding has a positive impact on buyout performance. This article confirms that
buyout firms share comparable behaviour as venture capital funds in the article of Gompers &
Lerner (1999).

Determinants of venture capital fundraising activities are GDP growth and increases in R& D
spending according to Gompers & Lerner (1998). Another important driver is capital tax
gains on interest. Previous fund performance and the age of funds are the main drivers of
venture capital fund raising.
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6.1.3.2 Investing & divesting phase

Investing and divesting are comparable activities. Favourable conditions for buying and
selling companies depend on various factors. Good M&A and 1PO markets are necessary for
private equity to thrive. But what is the effect of these markets on performance of private

equity?

Schmidt, Nowak & Knigge (2004) analysed the market timing abilities of private equity funds
and the impact on performance. The authors find that for venture capital funds the investment
timing has impact on fund performance. Divestment timing had no impact on venture capital
fund performance. For buyout funds market timing was not adriver for performance.

Ljungqvist & Richardson (2003b) analysed the timing behaviour of private equity fund
managers. They find that in good investment times, private equity fund managers invest their
capital and exit their investments fast in order to take advantage of the positive climate. This
leads to better fund performance. In times of fiercer competition private equity fund managers
draw down capital at a sower pace and holding periods tend to become longer. Performance
is significantly lower when competition is fiercer. Deal flow competition affects investment
timing and private equity fund performance negatively.

Bauer, Bilo & Zimmerman (2001) state that M&A activity has a positive and negative impact
on private equity funds. High M&A activity facilitates a good exit climate for investments but
private equity funds have to pay higher pricesfor their acquisitions. In their model M&A
markets do not have a significant impact on listed private equity returns. The volume of the
global 1PO market does affect the performance of listed private equity positively.

6.2 Overview of (non-) literaturerelated performancedrivers

The introductory chapters on private equity and the literature discussion provided a scattered
view on all factorsdriving private equity performance. This section will give a structural
overview of al performance drivers or parametersthat will be used in further research. This
overview will be complemented with some additional performance drivers currently
qualitatively used by AEGON to forecast private equity performance. This section will be the
result of the private equity industry analysis and literature search and partialy cover the first
research objective.

6.2.1 Current performance indicators used by AEGON

The private equity quadrant model currently used by AEGON is entirely qualitatively driven.
It is not based on quantitative analysis. This section will briefly discuss the indicators
currently used to evaluate and forecast private equity performance.

The macro quadrant comprises the development of high yield credit spreads, the development
of M&A markets, the development of the absolute level of the 5 year yield of US and EU
government bonds, accommodating policy of the FED (proxy: real interest rate) and the
development of the debt/equity ratios of US and EU companies.

The valuation quadrant consists of the spread between the average E/P ratio and the 5 year
government bond + high yield spread and the development of the liquidity premium (proxy:
yield spread between 2 and 10 year government bonds)
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The sentiment quadrant consists of the development of stock markets (FT All World), the IPO
climate and fund raising (number of funds and size of funds)

Thereis no technical quadrant applicable for private equity.

6.2.2 Overview

The figure below presents all performance drivers that will be used for further research. These
parameters are based on all mentioned literature and current qualitative quadrant model input.
These relevant performance parameters are the result the first research objective. The second
research objective will proceed with this information in subsequent chapters (7&8).

Parameters US Parameters Europe

BAA bond yield
High yield

FTSE Europe
Leverage buyouts

High yield credit spread with government bond

Buyout fundraising

Industrial production US High yield

Leverage US Buyouts FED rate

S&P 500 BAA Bond

P/E ratios S&P 500 High yield credit spread with government bond
FTSE USA FTSE All world

FED rate M&A volume Europe

FTSE All World IPO volume Europe

GDP growth

Buyout fundraising

Liquidity premium: 10-2 year government bond
M&A volume US

IPO volume US

Figure 8 Macroeconomic parameters (US and Europe)

6.3 Research methodsin literature

In most private equity research, access to aprivate equity database is crucial. There are
several commercia databases available for private equity research. These databases are
supplied by Thomson Venture Economics, the Centre for M anagement Buy Out Research and
Sand Hill Econometrics. For example Thomson Venture Economics provides information on
investments and cash flow between GP'sand LP's. The price of the commercial databasesis
the reason why this research has to do without it.

Most researchers correct the database for certain biases and compose a sample of the
database. This sample is then adjusted, for risk or other purposes, and used for their field of
interest. Risk adjustment methods are discussed in chapter 4. (Multiple) Regression is used to
generate results. Based on these results conclusions are formulated.

The next section will describe what biases are acknowledged and how they can be reduced.
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6.3.1 Biasreduction

As mentioned most commercia databases have biases. Several authors have acknowledged
that and developed methods to correct the databases for these biases.

Selection bias and survivorship bias are comparable biases. Fundsthat perform very well or
poorly are not eager to report their performance. These funds are not likely to report their
performance to commercial databases. Poor performing funds fear that future fundraising will
become problematic and good performing fund fear undesired attention. This effect is called
selection bias.

Private equity funds that are not able to raise new funds (due to bad performance) will not
report their performance to commercia databases anymore. These funds did not “survive” and
only good performing funds will survive. This effect is called survivorship bias.

Private equity funds are known for their arbitrary valuation methods. Aslong as private
equity funds are not liquidated, their performance is partially based on the fund’ sresidual
value. Kaplan & Schoar (2005) constructed a method based on quasi-liquidated funds.
Phalippou & Zollo (2005) also write-off “living-deads’. Living-deads are funds that did not
divest in the past 4 years and still had alarge residual value.

Gottschalg & Zipser (2006) completely removed the unrealised investments from their sample
composition. The authors also removed a transaction if it lacked information on the industry
Sector Identification Code (SIC), the investment amount, acquisition and exit date and the
location. The authors constructed a method to roughly calculate gross performance numbers
from net performance number since Thomson Venture Economics (the commercial database)
reports data net of al fees. Thisis done because dl their other datais based on gross
performance numbers.
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Chapter 7: Methodology

The second objective of thisresearch isto find an appropriate method to analyse and forecast
private equity performance based on the results of the first objective. This chapter will explain
what research method is used.

In this research method the illiquid alternative asset fund model by Takahashi & Alexander
(2002) isusad. In their article these authors use a fixed annua growth rate (equal to the
estimated final IRR of an illiquid alternative asset fund) and other fixed parameters to model
illiquid alternative asset funds. In this research two estimation models are constructed based
on their illiquid alternative asset fund model. The first model assumes variable annual growth
rates and all other parameters being fixed. The second model assumes variable annua growth
rates and some other fixed parameters are varied. Both models are used to construct a private
equity index which benchmarks private equity performance.

In section 7.1 an introduction in the underlying issues concerning the availability of datais
given. In the second section (7.2) the rationale behind the research methodology is given. In
this section both the illiquid alternative asset fund model (7.2.1) by Takahashi & Alexander
(2002) and the underlying research assumptions (7.2.2) are introduced. The third section (7.3)
gives a mathematical description of the general estimation model of this research. To solve
the objective function of the mathematical function an algorithm is consgtructed. This
algorithm is described qualitatively in the fourth section (7.4). Stability issues of the
algorithm are subseguently discussed in section 7.4.1. The fifth section (7.5) will present a
private equity benchmark or index based on the first estimation model (variable annual
growth rates and fixed parameters). The sixth section (7.6) will present a private equity index
based on the first estimation model (variable annua growth rates and adjusted fixed
parameters). In section 7.7 the second estimation model will be presented. This estimation
model assumes both variable annua growth rates and some other variable parameters. This
model will ultimately result in the best fitting private equity index for this research. In section
(7.8) the robustness of private equity indices based on this modelling methodology is
discussed. In the last section (7.9) two estimation model improvements are proposed for
future research.

7.1 Introduction

The methodology in this research largely depends on scarce quantitative and qualitative
information about private equity performance. Ironically the appropriateness of the research
objective can be explained as: the method that is able to generate the best possible results
given the lack of sufficient private equity performance data. The only data available for this
research is aggregated performance data (pooled TVPI and IRR) per vintage year (1986-2005)
for certain geographic regions (US and EU). This performance data is from the Thomson
Venture Economics database, which is considered to be the most representative database in
theindustry by academics and practitioners. Because this performance data consist solely of
IRR and TVPI numbers they cannot be compared straightforwardly with other
macroeconomic factors or performance data of other asset classes. The available performance
data needs to be modified in such away that it can be related to other macroeconomic factors.
The absence of detailed individual fund or vintage year cash flow data, which isused in
literature, forces the use of an unconventional research method.
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Figure 10 Pooled TVPI (US and Europe)

7.2 Rationale

When analysing the historical IRR and TVPI sequences of private equity performance of a
certain geographic region (US or Europe) one could argue that two neighbouring vintage
years are somehow correlated. If for example both vintage years last 10 years (the lifetime of
the average fund), they are exposed to the same economic environment for 9 of the 10 years.
So, in away all the historical IRR and TVPI numbers are correlated abeit in another way than
in the analysis of ordinary time series. To be more precise, one could assume one economic
environment that facilitates/drives private equity performance and relates all historical IRR
and TVPI numbers. This general ideaisthe most important assumption in this research.

Every private equity fund consists of the different phases of the private equity fund lifecycle:
fundraising, investing, holding and divesting (explained in section: 3.4). The success and thus
performance of a private equity fund depends on al phases. Every phase depends or interacts
differently with economic conditions during its time horizon. This holds for every vintage
year during every fund’slifetime. This reasoning further crystallises the general ideaof the
section before: there is one economic environment that facilitates/drives private equity
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performance and relates all phases of individual vintage years and therefore affects historical
IRR and TVPI numbers.

The phases of a single private equity fund are always in the same order. After fundraising a
fund startsinvesting and after a certain holding period the portfolio of investments are
divested. After the divestment period the fund closes. In this process the investment, holding
and divestment phase will inevitably overlap. If one analyses all single funds of a particular
vintage year the individual phases of all these funds will overlap as well. For example the
investment phase takes the same amount of time on average for each individua fund. One
could argue that this holds for all phases of single funds of a certain vintage year. In this
research it is assumed that this isthe case. To put it more precise: one could assume that one
large vintage-year-J-curve can be constructed if all phases of all single funds of a certain
vintage year are aggregated.

A common way in financial research to relate (economic) performance driversto acertain
asset classis to use abenchmark and perform regression analysis with that benchmark. Unlike
most asset classes, private equity does not have a publicly available industry benchmark. This
research approach will result in an appropriate private equity benchmark or index and cope
with that void. The essence of the methodology is based on the assumption that one macro
economic environment facilitates the performance of al individua vintage years and that the
performance of these vintage yearsisrelated. In other words: one performance index drives
thereturns of al individual vintage years. Thisindex can then be related to the
macroeconomic environment that facilitates private equity performance. Thisideais
presented in the figure below.

Private equity index

Individual vintage
year estimation
e —| par ameter
————————————— sequences, which
—— 7 areinput for the J-

J-curve —)

calculations —

—————————

Calculated IRR and TVPI ﬁ The algorithm minimises the

sequence differences between the sequences by
changing the private equity index

Historical IRR and TVPI
sequence

Figure 11 Private equity index and historical private equity performance

In the top of this figure one can see the private equity index. Thisindex consists of growth
rates. Each growth rate stands for the NAV growth private equity funds were able to generate
in that specific year. A specific growth rate affects every vintage year that exhibits this year
(regardless whether it isthe first or the tenth year). Based on this private equity index one can
make shifted copies, or convolutions. Every vintage year has its own copy or partial sequence
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of growth rates depending on the private equity index. With the model of Takahashi &
Alexander (2002) J-curves can be calculated based on every individual vintage year’s
sequence of growth rates. Based on this model individual vintage year performance measures
(IRR and TVPI) can be calculated. By choosing the private equity index in such away it is
assumed that it is possible to fit the (real) historical performance measures with the calculated
performance measures. By using an algorithm the private equity index is calculated that is
able to fit calculated performance with actual performance best. Once the best private equity
index is determined regression analysisis used to relate macroeconomic variables to private
equity performance and ultimately forecast private equity performance. This chapter will
discuss how the private equity index is developed.

7.2.111liquid alter native asset fund model

Takahashi & Alexander (2002) (T&A) describe a J-curve model that is based on three
principles: NAV growth, Capita Contributions and Capital Distributions. With these three
principles the authors construct a simple method to deterministically construct J-curves for
individud illiquid alternative asset funds like real estate funds, venture capital funds, oil and
gas funds and private equity funds. According to their article the modelling approach fits
higtorical performance data surprisingly well. Below a short (mathematical) summary of their
model is given. For simplicity the dividend or yield aspect of the original model of T&A is
left out.

7.2.1.1 Input factors

RC, = Rate of contribution at timet, in the article 25% in year one, 33.3% in year two and

50% thereafter

CC = Capital Commitment (in USD)

L = Life of thefund (in years)

B = Factor describing changes in the rate of distribution over time
G = Annual growth rate (%) (fixed)

7.2.1.2 Output factors

C,= Capital contributions
D, = Distributions (in USD)
NAV, = Net asset value (in USD)

7.2.1.3 Model equations
NAV, = (NAV,,(1+G)) + C, - D,

The Net Asset Value (NAV, ) of anilliquid alternative asset fund at time t depends on the
yearly contributions (C, ), distributions ( D, ) and autonomous annual (fixed) growth (G). The
NAV, increases with positive autonomous annual (fixed) growth and contributions. The
NAV, decreases with positive distributions.
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t-1
C, = RC,(CC-PIC,) aPiCc = 3¢
0

Contributions (C,) at a certain time t depend on the initial amount of committed capital (CC),
the amount of capital that is already paid-in ( PIC,) and the rate of contribution (RC,). The
paid-in capital consists of the total of previous contributions. The rate of contribution (RC,)
determines how much of the remaining capital (CC- PIC,) at timet can be used for an
additional contribution cash flow.

.B
D, = RD(NAV, ,(1+G)) A RD = min(giLE 1)
eLg

Distributions (D, ) at timet dgpend on the NAV of the fund at time t-1 and the rate of

distribution (RD). Every year a portion of the NAV isdistributed via the rate of distribution
(RD). The rate of distribution itself isafunction of t, L and B. This function describes
whether the rate of distribution increases or decreases during the life (L) fund. Factor B
describes whether the rate of distribution islarger in the beginning or the end of the fund. The
rate of distribution can never be larger than 1 because otherwise you would distribute more
than the NAV, of the fund. This justifies the minimum function of the rate of distribution

(RD). If B hasthe value 1, the rate of distribution is equal in every year. If B hasavalue
larger than 1, the rate of distribution is larger at the end of the fund. If B has a value smaller
than 1, the rate of distributionislarger at the beginning of the fund. The figure below gives an
intuitive presentation of the distribution rate during the life of anilliquid alternative asset
fund.

Distribution rate change (B)

120%

100%

—B=0.8

—B=1
B=25
B=3

80%

60%

40%

20%

Rate of distribution (RD)
(%)

0% +—

Years (t)

Figure 12 Different divestment paces

The model equations actually present the J-curve of a private equity fund. The Net Asset
Value grows each year with afixed growth rate (G) and contributions (C,) and distributions

D, will increase and decrease the NAV over the lifetime (L) of the fund. On their turn the
contribution and distribution characteristics ultimately depend on investment pace (RC,) and
divestment pace (B).
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J-curve (Takahashi & Alexander (2002))
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Figure 13 J-curve modd by Takahashi & Alexander (2002)

Asone can see in the figure above this model represents the phases of a private equity fund.
The capital commitments (CC) depend on the fundraising phase. The investment phase

strongly depends on the investment pace ( RC, ), the holding period depends strongly on the
growth (G) of the NAV and the divestment phase is driven by the distribution rate change (B).

7.2.2 Assumptions

The lack of detailed performance data forces an alternative research method. The results of
this research method are consequently more or less biased. For the results to be valid the
adopted research method requires a series of assumptions. All assumptions are discussed
below. The assumptions are divided in general assumptions and modelling assumptions.

7.2.2.1 General assumptions

Private equity performance partially depends on prevalent economic conditions like all
other asset classes. This assumption holds best for geographically and economically
bounded areas like the US and Europe. Private equity fundsinvesting in the US
depend on economic conditions in the US, the same holds for European private equity
funds.

Economic conditions affect the specific phases of the private equity life cycle
differently.

Private equity funds of different vintage years overlap each other in terms of time and
thus face equal economic conditions abeit lagged. Economic conditions affect the
timing of the phases and affect the specific private equity lifecycle phases differently.
The performance of two neighbouring vintage yearsis related. Performance cannot
vary significantly.

Thereisone “index” driving all private equity performance. Thisindex is able to
explain historical private equity performance.

7.2.2.2 Modelling assumptions

Private equity funds do not exhibit fixed yearly NAV growth rates like Takahashi &
Alexander (2002) assume.
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Entire vintage years of private equity funds can be modelled with an adjusted version
of the model of Takahashi & Alexander if the cash flows and related performance
numbers are pooled.

The validity of the private equity index increases with better estimated investment and
divestment conditions. Ergo, more detailed vintage year cash flow information will
increase the validity of the private equity index.

The J-Curve mode congructs J-Curve patterns that exhibit unique IRR’s (only one
sign change)

7.3 Mathematical formulation of the estimation model

Section 7.3.1 presents the modified model of T& A mathematically. The index estimation
model is based on the modified model of T& A and is presented in section 7.3.1. Two versions
of this model will be used in further analysis.

7.3.1 Modified Takahashi & Alexander model
7.3.1.1 Fixed parameters (g )

n =1986, 1987,..., 2005 (Indication of a certain vintage year)
t = 1986, 1987,..., 2006 (Indication of a certain year)

Exogenous fixed parameters

RC, . = Rate of contribution (Investment pace) of a certain vintage year n in a certain year t
CC,, = Capital commitment of a certain vintage year n (always fixed at 100%)

L, = Lifeof aclosed fund of a certain vintage year n (in years)

TT, = Total Time, the life of an open fund of a certain vintage year n (in years)

B, = Factor describing the rate of distribution over time of a certain vintage year n
(Divestment pace)

The endogenous fixed parameter B, will be fixed in the first estimation model (section 7.5 &

7.6) and will be “varied” in the second estimation model (section 7.7). Thiswill be explained
in section 7.7.

The exogenous parameters are the only parameters that can be set at initial valuesthat are
representative for certain vintage years.

Endogenous fixed parameters

RD, . = Rate of distribution of a certain vintage year n

G, (= Capitd contributions of a certain vintage year n in a certain year t
D, . = Capital distributions of a certain vintage year n in acertain year t
NAV, . = Net Asset Value of a certain vintage year n in a certain year t
PIC, , = Paid-In-Capital of acertain vintage year n in a certain year t
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The endogenous fixed parameters are directly or indirectly determined by the exogenous fixed
parameters and the estimation parameters. The endogenous fixed parameters can considered
to be process parameters.

7.3.1.2 Parametersto be estimated (q;)
G, = Growth rate in a certain year t

7.3.1.3 Model equations

NAVh e ( NAVh ,t-1(1+ Gt )) + Ch,t - Dh t

The NAV of acertain vintage year at timet dependson the NAV at t-1, auniform growth rate
(al vintage years have the same growth rate in NAV in year t) and the contributions and
distributions of this vintage year at timet.

C..=RG,(CC,-PIG,) & PIG,,=8 G,

Contributions (C, , ) depend on the rate of contributions (RC, , ), the paid-in capita (PIC, ;)
and the committed capital (CC, ) just like in the original model of Takahashi & Alexander

(2002). The only difference is that each vintage year has its own certain contributions, rate of
contributions, paid-in capital and committed capital.

..Bn
2t 0

D,,= RD,,(NAV, .,(1+G)) & RD, = min(lgﬁi )
%}

Like the Net Asset Value (NAV, ;) and the contributions (C, , ) thedistributions (D, , ) are

almost identical to the original model by Takahashi & Alexander (2002). The only difference
isthat each vintage year has its own digtributions, rate of distributions and a uniform growth
rate independent of the vintage year. The rate of distributions (RD, , ) depends, just like the

origina model, onthe factor B, (andt and L, ).

7.3.1.4 Model output

IRR°= Calculated IRR of acertain vintage year 1
TVPI &°= Calculated TVPI of acertain vintage year n

Both IRR®® and TVPI ° are caculated in Excel and are based on Contributions,

Distributions and Net Asset Values as presented in the model equations. Only TVPI & is

expressed in an analytical form. In their turn Contributions, Distributions and Net Asset
Values depend on the fixed parameters (q. ) and the estimation parameters (q. ). Ergo, ina
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short notation both IRR®*® and TVPI,“*° can be expressed as functions f, and g, depending
ong. andqg.

IRPhcalC:f(Dhyt'ch,t’Dh,t+1_Ch,t+1"""Dh't+|—h _Ch,t+Lh): fo (de.0e)
t+Ly,
o
a b,
TVPIhCalc :g(Ch,t’Ch,Hls----sCh,HLh ’Dh,t’Dh,t+l""" Dh,t+Lh): H'tl-h = G (qF’qE)
o
a G,
t

The calculation of both IRR™® and TVPI < is partly based on the residual NAV when funds

arenot closed yet. (For example vintage year 2001, the residual NAV isused for the
caculation of the IRR and TVPI number.)

If L, >TT, then |RR1calc: f (Dh,t 'Ch,t ' Dh,t+l_Ch,t+l 1enen Dh,m-rh _Ch,t+'l'l'h ' l\IAVh,m-rh ) =
fo (Qr.Ge)

If Lh >-I_I—h then TVPI hcalc:g (Cht ) Ch,t+l"""Ch,t+'|'|'h ) Dh,t ) Dh,t+l’ R Dh,t+1'rh + NAVh,H'I'I'h ) =
t+TT,

[¢]
NAV, wmm ta D, 1t

t

o = Oy (de.0e)
o

aG.

t

7.3.2 Estimation mode for the private equity index

The modified model of Takahashi & Alexander will be used to fit calculated performance
data to actual performance data. Thiswill be done with an agorithm. Thisalgorithm
optimises the objective function of the estimation model. The result of this algorithm, and the
objective function, is the private equity index. Below the input parameters (7.3.2.1) and the
objective function (7.3.2.2) of the estimation model are discussed.

7.3.2.1 Input parameters

Calculation parameters

IRR®°= f, (q,,q) = Cdculated IRR of acertain vintage year
TVPI &°= g, (g, ,q.) = Calculated TVPI of acertain vintage year

The calculation parameters depend on the fixed parameters (q. ) and the estimation
parameters (g, ) for their initial values.

Historical parameters
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IRRM"9=d = Historical IRR of acertain vintage year
TVPI 9= g, = Historical TVPI of acertain vintage year
h h

The historical parameters are from the Venture Economics database.
Endogenous parameters

| = Weight assigned to importance of IRR as a performance measurement in the objective
function, in this research always set at 1

nm = Weight assigned to importance of TVPI as a performance measurement in the objective
function, in this research always set at 1

Yy ., = Weight assigned to the importance of the difference between f, (q.,q.) and d,, for

vintage year h in the objective function
j » = Weight assigned to the importance of the difference between g, (q,,q.) andg, for
vintage year h in the objective function

The endogenous parameters depend entirely on how important they are considered to be. Both
| and m are weights for the importance of respectively IRR or TVPI as performance

measure for private equity. One could consider one measure to be more important than the
other in finding a private equity index. It is up to the end user to determine what the best
digtribution is. It isimportant that both parameters are chosen in relationship with each other.
In this research both parameters are set at 1. Both parameters are considered to be equaly
important.

Theweights y , and j , are meant for “eliminating” the valuation bias in the historical data.

Especially immature vintage years have estimated or subjective valuation measures. In this
research the vintage years 2000, 2001, 2002, 2003, 2004 and 2005 have weights other than 1.
The endogenous weights are equal for every vintage year. The year 2000 has both parameters
set at 0.9, 2001 at 0.5, 2002 at 0.2, 2003 at 0.1, and 2004 and 2005 have both parameters set at
0. Itisagain up to the end user to adjust these weights.

With these adjusted weights the algorithm will not assign equal importance to fully realised
vintage years and immature vintage years. With this weight adjustment the algorithm does not
“price” the valuation bias in its resulting private equity index. Again it is up to the end user to
determine appropriate weights.

7.3.2.2 Objective function
' 2005 2005

Mind Ay, (f,@.q0)- )’ +ma] , (9@ de)- gh) u
e h=1986 h=1986

The objective function minimises the quadratic differences between the historical IRR

(& TVPI) sequence and the calculated IRR (& TVPI) sequence. Since the historical IRR and
TVPI sequence cannot change the calculated IRR and TVPI should change. Since the fixed
parameters (g, ) of the calculated IRR and TVPI are fixed at certain values the estimation

parameters (g ) or G, aretheonly parameters that change when the algorithm runs.
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7.4 Algorithm for the general estimation model

The objective function implies that 21 estimation parameters (q. ) should be calculated (21
dimensions). The underlying functions f, (q-,q:) and g, (g:,q.) aenon-linear. The

algorithm that optimises the objective function should thus be able to find a solution to a high-
dimensional non-linear optimisation problem. Theoretically there are more than 2%
possibilities that have to be checked for the optimal solution. To solve this problem atime-
efficient algorithm is constructed to find the optimal solution (or more expectedly a
suboptimal solution) and ultimately create a private equity index. In practice, the algorithm is
expected to find sub-optimal solutions given the complexity of the optimisation problem.
Nevertheless the best possible sub-optimal solution could provide a reasonable private equity
index for the objectives of this research.

An excel program, with several macro’sor VBA-functions is constructed to solve this
optimisation problem. This optimisation problem could be solved in several ways. For
pragmatic reasons a simple agorithm is constructed to find a reasonable private equity index.

In this section only the algorithm of the general estimation model will be discussed. In
the subsequent sections the two versions of the general model will be described. Aninitial
sequence of estimation parametersis used to sart the algorithm (for example al values are
10%). The fixed parameters are also set at predetermined values.

Given all fixed input parameters the algorithm calculates the private equity index in three
phases. In the first phase the algorithm calculates the result of the objective function for every
individua estimation parameter G, (for example 10%) and two surrounding values of this
parameter (9% and 11%) based on an initial step sizeh =1 (1 / h = 1%). Consequently the
algorithm calculates for every individual estimation parameter which of the three values
minimises the objective function most. If al combined local minimising values minimise the
global minimum the combination of the related growth values is used as the next “initial”
segquence of estimation parameters. If all combined local minimising values do not minimise
the global minimum the step size is doubled (1 /2 = 0.5%, the three values are now: 9.5%,
10%, 10.5%) with a maximum of h = 1024. In every run all estimation parameters are
adjusted to minimise the objective function. Once the algorithm has found the region of the
(sub-) optimal solution the gainsin each run become smaller and smaller. It isup to the end
user to determine at what moment the (sub-) optimal solution is reached (depending on the
number of predetermined runs or the change in decrease of the objective function per run).

Summarised, the algorithm calculates a new “optimal” solution based on the previous
“optimal” solution and repeats that process several times. In this way the agorithm calculates
a sequence of estimation parameters culminating in the private equity index. Actualy the
algorithm reversely calculates convolutions of the private equity index.

7.4.1 Stability of the algorithm

This optimisation problem is classical; high-dimensional non-linear optimisation problems
usualy exhibit stability issues. Therefore it isimportant to analyse the stability of the
algorithm in combination with the estimation model.

After initial estimation runs, two potential biases appeared in the private equity index. Both
biases are related to the used agorithm. The first biasis related to the objective function and
the second biasisrelated to the design of the iterative algorithm.
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7.4.1.1 Objective function bias

It appeared that after awhile the algorithm always ends with large second and the third
estimation parameters (1987 and 1988) to irrational large values and the first estimation
parameter (1986) cannot be changed at all. One could think that these years where
exceptionally good for private equity performance or one can question the robustness of the
model. Since the surrounding vintage years are not exceptionally good, growth rates of over
60% per year are not to be considered rationd.

The algorithm has a declining progress in finding smaller results of the objective function at
each run. In the process of finding smaller absolute differences the model will continue to
adjust estimation parameters. Unlike the other estimation parameters that affect vintage years
ranging from 4 to 10 (depending on the average fund life time of course), the first three
estimation parameters only affect the first three vintage years. When the differences in results
of the objective function between consecutive algorithm runs are getting smaller it becomes
harder to find estimation parameters that are easy to adjust (most estimation parameters affect
between 4 and 10 vintage years). Consequently the algorithm starts adjusting the first 3 values
to irrational heights because of the limited effect on other vintage years.

A solution to this problem could be to prevent the algorithm to fix these first three growth
values and adjust these values manually (within reasonable boundaries) later. The calculation
of the objective function will use the fixed values of these first vintage years. By adjusting the
growth rates later by hand it can create biases in the IRR and TVPI numbers of these and
subsequent vintage years.

One could aso set hard boundaries as restrictions in the algorithm for the first three
estimation parameters (For example: -10% <= estimation parameter <= 30%). After some
tests with this construction it appeared that the algorithm consequently assigns the maximum
value of this boundary to the first three estimation parameters. For subsequent regression
analysis these values are not useful, since they are still “manually” adjusted.

The solution used in thisresearch is that the first three estimation parameters will not be used
in the regression analysis. These parameters are highly biased and it is not expected that they
influence the other parameters because the bias occursonly in alater stage of the iterative
process when all other estimation parameters almost have reached their ultimate values.

7.4.1.2 Algorithmdesign bias

It is important that the algorithm generates stable results. With another set of fixed parameters
another private equity index will emerge after a certain amount of runs. Thisis adesired
property of the model but it is not possible to analyse and explain the differences between the
resulting private equity indexes. What can be analysed is the robustness or stability of the
algorithm with different initial estimation parameter sequences with equal fixed parameter
settings. The agorithm is programmed to minimise the summed squared differences between
the calculated and historical TVPI and IRR sequences (the objective function). For the
algorithm being stable different initial estimation parameter sequences should eventually
converge to the same private equity index with the same final summed squared differences
number. To test the stability of the algorithm an analysis of the sensitivity to different “first
guesses’ of initial estimation parameters is performed.
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The figures below represents the output of the algorithm with the same fixed parameters but
with different initial estimation parameter sequences for both the US and Europe. The used
initial estimation parameter sequences are: 0% fixed for all years, 5 % fixed for al years, 10%
fixed for all years, 15 % fixed for al years, 20% fixed for all years, 0% - 20% ascending and
20% - 0% descending. The result of the objective function for each initial parameter sequence
in the figure is shown between brackets.
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Figure 14 Stability of the algorithm (Eur ope)
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Figure 15 Stability of the algorithm (US)

The fixed parameters in both stability tests are set according to the proposed leveraged buyout
parameters in the article of Takahashi & Alexander (2002). These settings are:

RC, , = Rate of contribution: 25% in year 1, 33.3% in year two and 50% in subsequent years
CC,, = Capital commitment: always fixed at 100%

L, = Lifeof aclosed fund: always set at 10 years

TT, = Total Time: likein redity (for example 4 years for vintage year 2003)
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B, = Factor describing the rate of distribution: always set at 2.5

As one can see in the figure, the algorithm does not return converging private equity indices
based on different initial estimation parameter sequences. For this stability test the algorithm
caculated every index based on the change in decrease of the result of the objective function.
When this change reached avalue of 0.001 the algorithm stopped and the resulting indices are
shown in the figures above.

The algorithm does not generate fully converging private equity indices for both the Europe
and the US. All resulting indices are sub-optimal solutions of the objective function. Again
this phenomenon is encountered often in classical optimisation problems. By analysing
different “first guesses’ asinput parameters the best possible suboptimal solutions can be
identified. In certain years there are more deviations than in other years. But the general
movements of all indices have the same direction. There are no real outliersin this stability
test. It can be concluded that the algorithm generates stable results within certain boundaries.
Theinitial estimation parameter sequence with all values set at 15% returns the best sub-
optimal solution of the objective function for Europe. For the US this is the descending initial
parameter sequence 20%-0%.

It isimportant that the algorithm generates stable results. The resulting private equity
index is more valid and the subsequent regression analysis is morereliable. This algorithm
does generate reasonably stable results but improvements are always desirable.

7.5 Estimation model |a

Thefirst estimation model will be split in two separate models, estimation model laand
estimation model Ib. This section will describe estimation model la.

Estimation model lais entirely based on the proposed leveraged buyout settings in the article
of Takahashi & Alexander (2002). Actualy, estimation model lais the best resulting private
equity index from the stability test in the previous section. The figure below represents the
private equity index for both the US and Europe.

Private equity indices with model la
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Figure 16 Private equity indices estimation model 1a (US and Europe)
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The fixed parameters for both private equity indices are set according to the proposed
leveraged buyout parametersin the article of Takahashi & Alexander (2002). These settings
are:

RC, . = Rate of contribution: 25% in year 1, 33.3% in year two and 50% in subsequent years

CC, = Capital commitment: always fixed at 100%

L, = Lifeof aclosed fund: always set at 10 years

TT, = Tota Time: likein redity (for example 4 years for vintage year 2003)
B, = Factor describing the rate of distribution: always set at 2.5

The best initial estimation parameter sequence of Europe (15% fixed for all years) generates a
result of the objective function of 1.1290 (based on a decrease change in the result of the
objective function of 0.001). For the US, this result is 0.8160. The resulting actua and fitted
TVPI and IRR sequences of the US are presented in the figure below. For Europe comparable
fitted lines can be drawn.
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Figure 17 Actual and fitted IRR estimation modd la (US)
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Figure 18 Actual and fitted TVPI estimation model 1a (US)
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It is clear that private equity index of the US does not describe private equity performance
accurately. This holds the same for the European private equity index. Estimation model 1b is
congtructed to generate a better fit with actual performance data

7.6 Estimation model |b

For finding a better fit to the actual performance data a further anaysis of the relationship
between IRR and TVPI is used. Whereas estimation model 1a uses the divestment paces
proposed by Takahashi & Alexander (2002); estimation model Ib uses adjusted divestment
paces. Just like in estimation model 1a this model the divestment paces are fixed parameters.

The divestment paces are based on the “relationship” between the IRR and TVPI of an
individua J-curve. The figure below presents this relationship graphically. With constant
estimation parameters (10%) the IRR of this J-curve is 10%. If one computes this J-curve with
adivestment pace of 1.5, 2 and 2.5 the resulting TVPI numbers are respectively 1.33, 1.41
and 1.49. This effect will be more complex when different estimation parameters are used.

J-curve with different divestment paces
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Figure 19 J-curve with different divestment paces

Thetiming of cash flowsis very important for both IRR and TVPI numbers. Based on the
“relationship” between IRR and TVPI numbers of individual cash flows new divestment
paces for both Europe and the US are estimated. These new divestment paces are presented in
the figure below.
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Vintage year Divestment pace US Divestment pace EU
1986 4,85 3,55
1987 3,45 2,25
1988 3,3 3
1989 2,65 2,6
1990 2,95 2
1991 2,4 1,95
1992 1,7 2,05
1993 2,05 15
1994 2,65 2,5
1995 2,35 1
1996 3,2 1,55
1997 2,35 2,15
1998 2,5 2,2
1999 2,65 2
2000 1,3 15
2001 0,8 2
2002 2,5 2,5
2003 2,5 2,5
2004 2,5 2,5
2005 2,5 2,5

Figure 20 Divestment paces estimation modd 1b (US and Eur ope)

The other fixed parameters for both private equity indices are set according to the proposed
leveraged buyout parametersin the article of Takahashi & Alexander (2002). These settings
are:

RC, . = Rate of contribution: 25% in year 1, 33.3% in year two and 50% in subsequent years

CC,, = Capital commitment: always fixed at 100%
L, = Lifeof aclosed fund: always set at 10 years
TT, = Total Time: likein redity (for example 4 years for vintage year 2003)

The resulting private equity index of Europe exhibits alower result for the objective function
(0.5104 compared to 1.1290 in estimation model 1a) and the cal culated performance numbers
better fit the actual performance numbers. The resulting private equity index for the US
exhibits a higher result for the objective function (1.0508 compared to 0.8160 in estimation
model 1a). (Again these values are based on an ultimate decrease change in the result of the
objective function of 0.001.) For the US hisis not adesired result. But thisissue will be
addressed by estimation model 11.

The figure below presents both private equity indices for both Europe and the US.
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Private equity indices with model Ib
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Figure 21 Private equity indices estimation model 1b (USand Eur ope)

Coen Tolkamp

The resulting actual and fitted TVPI and IRR sequences of the US are presented in the figure
below. For Europe comparable fitted lines can be drawn.
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Figure 22 Actual and fitted IRR estimation model 1b (US)
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Figure 23 Actual and fitted TVPI estimation model 1b (US)
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Itis clear that by changing the standard fixed Takahashi & Alexander (2002) parameters the
estimation models can be adjusted to fit the actual performance data better, although this first
attempt was not fruitful for the private equity index of the US. Estimation model 11 will
further analyse private equity indices with other fixed parameter settings.

7.7 Estimation model |1

Estimation model Ib showed that it is possible to find better results of the objective function
and better fit the calculated performance with the actual performance measuresif one changes
divestment paces. The purpose of estimation model 11 isto find the best possible divestment
pace for each vintage year by constructing several indices with the general estimation model.
These indices will all start with the initial estimation parameter sequence used in estimation
model laand Ib and with the same fixed parameters. Only the divestment paces will differ
between the generated indices. After the construction of these indices one can see what initial
divestment pace range resulted in the best fitting private equity index. The best private equity
index exhibits the lowest result of the objective function and therefore is able to fit the
caculated performance with the actua performance best.

For al indices constructed in this model the divestment paces are presented in appendix A.2.
These divestment paces are variants of the divestment paces used in estimation model Ib. The
figures below represent the results of the objective function of the severa indices (based on
different divestment paces) for both Europe and the US.

Estimation model Il
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Figure 24 Results objective function with different divestment paces (US and Europe)

One can see that the 10" run of the estimation mode! in the US resulted in the best fitting
model. The result of the objective function is 0.3909. For Europe it is the 9" run with 0.2892
as aresult of the objective function. These results are considerably lower that the results of
estimation model la (Europe: 1.1290, US: 0.8160) and Ib (Europe: 0.5104, US: 1.0508).
(Again these values are based on a decrease change in the result of the objective function of
0.001.)

It is important to mention that all the private equity indices generated with the second
estimation model do not diverge a lot. In the figure below all private equity indices generated
with the second estimation model are presented for both Europe and the US.
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Estimation model Il US (11 Indices)
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Figure 25 Output estimation model 11 (US)
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Figure 26 Output estimation model 11 (Europe)
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The private equity indices with the lowest results of the objective function will be used in

further research. These indices are presented in the figure below.

Ultimate private equity indices

50,00%
40,00% //_\
30,00%

N
20,00%
10,00% \\ /[

—— Europe
—Us

Estimated growth rates

0,00% T T T T T T T T\ T 7\
_10’000/&0 N, \/\/« A O N
N

D7 D D D DO
R A A A

-20,00%

Figure 27 Best fitting private equity indices estimation model 11 (US and Eur ope)
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One can see that both indices have a bit the same tendency. Up and down cycles are aimost at
the same time; whereas Europe seems to have higher growth rates in up times but lower
growth rates in down times compared to the US. The first three estimated growth rates are left
out because of the discussed modelling bias.

The corresponding fitted and actual performance measures are presented in the next four
figures.
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Figure 28 Actual and fitted IRR estimation model 11 (US)
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Figure 29 Actual and fitted TVPI estimation model 11 (US)
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Figure 30 Actual and fitted IRR estimation model 11 (Europe)

60

&) YLEGON



Predicting private equity performance Coen Tolkamp

Actual and fitted TVPI Europe
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Figure 31 Actual and fitted TVPI estimation model |1 (Europe)

In estimation model I only the divestment paces were changed in the search for the lowest
objective function result. In the model of Takahashi & Alexander (2002) the divestment paces
have the strongest influence on the relationship between IRR and TVPI. One could change
investment paces as well (and create an estimation model I11). To avoid an increase of
complexity in the modelling approach that has not been done in this research.

One could even further analyse variations of the divestment paces of the best private equity
index. It is not expected that this will increase the validity of the private equity index
significantly. This modelling approach is still based on a number of assumptions and a small
amount of historical performance information.

7.8 Robustness of the estimation model output

This section describes how the output of the estimation model should be interpreted. The first
section will describe the constructed private equity index and its shortcomings. The second
section describes how the differences between actual and fitted performance measures can be
analysed in aresidual analysis.

7.8.1 Reliability and validity of the private equity index

The quality of the private equity index resulting from the estimation model depends on the
quality of the algorithm, the historical performance data, the assumptions and the fixed
vintage year parameters. In this approach it is assumed that the model of Takahashi &
Alexander (2002) is the best model currently available. The quality of the algorithmis
discussed in aprevious section. The historical performance data has biases which are aready
described in the literature chapter. The largest bias, the subjective valuations bias for
immature vintage years is described in a previous section and solutions for the general
estimation model are given in section 7.3.

Thefixed parameters are based on qualitative information supplied by industry professionals,
some rough cal culations on divestment paces and trial and error testing. With another set of
fixed parameters, the private equity index differs. The effects of changing investment paces,
divestment paces, tota lifetimes and entry / exit conditions on the resulting private equity
index are very complex. Aslong asthere is not more information available about the cash
flow patterns of private equity vintage years, assumptions and rough estimates of these fixed
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input parameters are unavoidable. The private equity indices from estimation model Il are
currently the best estimations available in this research.

It is expected that investment and divestment paces depend on market conditions like M&A
activity and the PO climate. For this research there was no information available about
(pooled) cash flow patterns of the underlying vintage years, otherwise the investment and
divestment paces could be adjusted to match the underlying vintage year (pooled) cash flow
patterns.

7.8.2 Resdual analysis

The algorithm used in this research uses an objective function that minimises the summed
squared differences between calculated and historical performance data (both IRR and TVPI).
To gain amore detailed perspective on how individual vintage years perform aresidua
analysis of individual squared differences of calculated and historical performance data can be
executed.

Theideaisthat if the final private equity index is calculated with the algorithm, the objective
function is not likely to equa to zero. Certain squared differences are higher than others and
affect each other as well. The figure below presents both the calculated TVPI’s of the US and
the historical pooled TVPI's of the US based on the private equity index. One can see that
there remain differences between both series, sometimes the calculated value is larger and
sometimes the calculated value is lower than the historical value in acertain year.
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Figure 32 Actual and fitted TVPI estimation model 11 (US)

Theresiduals of these series are presented in the figure below.
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Residuals TVPI US
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Figure 33 Residuals actual and fitted TVPI estimation model 11 (US)

The same effects hold for the calculated and historical |RR sequences (for both Europe and
the US). There are certain years like in 1988, 1989 and 1997 where the algorithm is not able
to estimate the correct performance number. If one year is not correct, subsequent years will
be influenced by this effect. The figure shows the missing differencesin the last years. The
algorithm only calculates these differences partially or not because of the data bias (valuation
bias), mentioned earlier in this report.

In this research this problem has been recognised but not analysed any further. This residual
problem isrelated to the robustness of the algorithm, the used assumptions and the
availability of more (cash flow) data.

7.9 Future development of estimation models

The main goal of the methodology chapter is the construction of a best fitting private equity
index. Considering all classical optimisation problems encountered in the current estimation
models the construction of an index for further regression analysis is the easiest solution.
However, based on the above developed methodology one could further improve the
estimation models.

At this moment the estimation model estimates 21 parameters. The underlying functions are
non-linear and combined with the high dimensionality of the estimation model stability issues
arise. To lower the number of estimation parameters and thus the dimensionality of the
problem one could use parametric methods. Parametric methods use the fact that the next
parameters depends on its predecessor. This principle can be applied to this research. The
current estimation model is based on convolutions with the idea that one economic
environment drives private equity performance. One of the assumptionsis that performance
of two neighbouring vintage yearsis related and thus performance cannot vary significantly.
The estimation parameters are consequently related due to the convolution structure that is
applied. One could think in the perspective of Maximum Likelihood Estimators. The next
parameter will be estimated based on a function of its predecessors. The function exhibits one
initial value (b,) and a certain constant (o) and it depends on the time t. The corresponding

algorithm only has to estimate both b, and a to find the best fitting private equity index. The

challengeisto find a good fitting econometric function. The use of a parametric model and
thus the lower amount of parameters could lead to more stable results of the estimation model.
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To cope with the issue of finding a good fitting econometric function in a parametric method
one could also use another approach. This approach doesn't generate a private equity index,
which on its turn will be regressed with macroeconomic variables. Every estimation
parameter can be stated as a function of one (or more) macroeconomic variables likein a
regression equation:

G, =a +Db, *Variablg , +e,

G, isthe estimation parameter just like in the current estimation model. This approach has
two (or more in case of more macroeconomic variables) estimation parameters o and b, for

every single macroeconomic variable. In this situation there is no issue with finding an
appropriate econometric function and you directly relate private equity performance to
macroeconomic variables in aregression analysis. This method avoids errors generated by
using a private equity index as a medium for private equity performance.

This research is based on the current 21 estimation parameters. The two proposed
improvements to the current estimation model lower the amount of estimation parameters
significantly (from 21 to 2). In terms of optimisation problemsthisis desirable. For future
research it is recommended to analyse both proposed improvements.
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Chapter 8: Results

The performance parameters found in the literature section will be used in the regression
analysis. Inthefirst section all individual parameters will be regressed with their respective
resulting private equity index (US or Europe) from estimation model I1. Thiswill be
presented as a one-factor regression analysis (non-forecasting). Thisanalysisis used to
determine how private equity performance is related to macroeconomic variables. The found
relationships are compared with literature studies in the second section. The third section will
use forecasting regression analysis to determine what macroeconomic variables are able to
forecast private equity performance one period ahead. This forecasting regression analysis
will be used with both single and multiple factors. The selection of single and multiple factors
will depend on significance and the outlay of the quadrant model. The third section will give
comments on out-of-sample back-testing.

All macroeconomic variables are corrected for trend to prevent unit-roots. If a
macroeconomic variable contains trend the first differences are used in the regression
analysis.

8.1 (Non-forecasting) one-factor regression analysis

To give an indication how macroeconomic parameters are related to private equity
performance a non-forecasting one-factor regression analysisis used. The variable vy,
represents the returns of the private equity index. The macroeconomic variable that is used to
explain the private equity performance is represented by x, . The regression equation:

Y. =by +bix, +e

The one-factor analyses allow a consistency check of the relationships between the economic
parameters and the private equity index. The two figures below present all one-factor analyses
of both Europe and the US.

Correlation of variables with the European private equity index
at time t

Significance
Variables Correlation Adj R*"2 F-value alpha
High yield credit spread -0,46 0,21 3,45 0.01
High yield 0,08 0,01 0,09 n.s.
BAA bond yield 0,05 0,09 1,17 n.s.
M&A wolume 0,63 0,40 8,56 0.025
IPO wolume -0,01 0,00 0,00 n.s.
FTSE Europe 0,30 0,09 1,61 n.s.
FTSE All world 0,56 0,32 5,09 0.05
Buyout leverage 0,26 0,07 1,20 n.s.
Buyout fundraising 0,04 0,00 0,02 n.s.

Figure 34 One-factor regression analysis Europe

European private equity performance can be significantly related to high yield credit spread,
European M&A volume and the FTSE world. In thefigures “n.s.” stands for “not significant”.
All other variables are non-significant. As one can see and should expect is that high yield
credit spread is negatively correlated to private equity performance. M&A volume and the
FTSE World are positively correlated as expected. Buyout leverage and the FT SE Europe
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have a reasonable strong correlation but not at a good significance level. It is remarkable that
the FTSE All world is more related to European private equity performance than the FTSE
Europe.

Correlation of variables with the US private equity index
at time t

Significance
Variables Correlation Adj R*"2  F-value alpha
High yield credit spread -0,83 0,69 29,21 0.001
High yield -0,10 0,01 0,16 n.s.
BAA bond yield 0,12 0,01 0,22 n.s.
FED rate 0,49 0,24 5,02 0.05
Industrial production 0,46 0,21 3,99 0.1
GDP growth -0,07 0,00 0,07 n.s.
M&A wolume 0,64 0,40 8,83 0.025
IPO wolume 0,21 0,04 0,60 n.s.
S&P 500 0,65 0,43 11,98 0.01
FTSE USA 0,74 0,54 11,84 0.01
FTSE All World 0,59 0,34 5,73 0.05
Buyout leverage 0,50 0,25 5,30 0.05
Fundraising 0,32 0,10 1,74 n.s.
P/E ratio S&P 500 -0,57 0,33 7,82 0.025
Liquidity premium -0,26 0,07 0,93 n.s.

Figure 35 One-factor regression analysis US

In the US there are more significant macroeconomic variables that determine private equity
performance. Especially high yield credit spread is strongly related to private equity
performance. The correlation is -0.83 with an apha of 0.001. The price / earnings ratio of the
S& Pisalso strongly correlated with an alpha of 0.025. All other significant variables have
signsthat are in the line with expectations. For example stock market indices (S& P 500,
FTSE USA and the FTSE All world) are reasonable strongly correlated as expected. Buyout
leverage is more correlated than in Europe.

Thefigures below give an example of the relationship between the S& P 500 and the private
equity index. Thefirst figure gives the private equity index and the first derivative of the S& P
500 (also used in the regression analysis). The second one presents both the S&P 500 and the
US private equity index as stock indices (in absolute values and not in relative returns).

S&P 500 vs. US Private equity index
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Figure 36 S& P 500 vs. US Private equity index (relative)

66

&) YLEGON



Predicting private equity performance Coen Tolkamp

S&P 500 vs. US Private equity index

—— S&P 500

Points

1000 —— US private equity
index

Figure 37 S& P 500 vs. US Private equity index (absolute)

Thisfigure indicates that US private equity has outperformed the S& P 500 over the long term.
Although this research is not aimed at finding alpha or risk adjusted returns of private equity
compared to stock indices, it isa nice additional observation.

In the case of Europe there are not alot of complete macroeconomic variable sequences for
the European analysis. For example, the industrial production numbers for entire Europe are
only given from 1998, which is too short for areasonable analysis. Europe did not have one
single “government” interest rate, like the US has for a very long period. European countries
did not have the same currency for along time. The European Union is nowadays working on
financial and economic integration of all member countries. The effects of these efforts are
emerging at this moment. In 1986, these developments were not prevalent. All these matters
can distort aunanimous private equity performance and especially the assumptions behind
this research. It also makesit hard to anal yse the private equity index with non-existing
parameters (like one industrial production sequence).

It must be stated that the correlations found in this research are based on regression analysis
with unegual amount of observation points. For example the correlation of the high yield
credit spread is based on 15 observations and the correlation of the S& P 500 is based on 20
observations in the US situation. This depends on the availability of historical data. This could
mean that certain historical events cannot be incorporated by the certain macroeconomic
variables because of the lack of data.

Ananalysis of al parameters and the private equity index by eye indicates that private equity
performance tends to be more cyclical in the second half of the time horizon compared to the
first half of the analysed period (this holds for both Europe and the US).

8.2 Comparison regression results with literature

The results of the one-factor regressions are hard to compare with literature. This research
method differs significantly from other research. A lot of articles present all kinds of
statistical information but do not reveal “practical” information such as correlations or
adjusted R? on macroeconomic variables (Phalippou & Zollo (2005)). Sometimes articles
present combined statistical output (for example macroeconomic variables with
microeconomic variables (Ljungqvist & Richardson (2003)) such as fund size and quality of
the General Partner), which is hard to compare with results in this research.

67

& WLEGON



Predicting private equity performance Coen Tolkamp

Most research is better able to relate variables to private equity performance. More precise
information is debit to that fact. The signs of the significant variablesin this research do show
the same direction as reported in other articles. This gives confidence in the chosen research
methodology.

8.3 Forecasting regresson analysis

The goal of thisresearch isto construct amodel that is able to forecast private equity
performance. This model should be constructed according the quadrant model philosophy at
AEGON Asset Management. For this purpose forecasting regression analysis is used. First a
forecasting one-factor regression analysis will determine what macroeconomic variables are
able to forecast private equity performance within a significant range (8.3.1). After that the
resulting variables will be used to construct the underlying structure for the quadrant model
(8.3.2). Thisis partly based on amultiple factor forecasting regression analysis.

8.3.1 Forecasting one-factor regression analysis
Thevariable y,,, represents the future returns of the private equity index (one year ahead).

The macroeconomic variable that is used to explain the private equity performance is
represented by x; , . The forecasting one-factor regression equation: y,,, =b, +b; %, +e.,;

The figures below present the forecasting one-factor regression results for both Europe and
the US.

Correlation of variables with the European private equity index
attime t+1

Significance
Variables Correlation Adj R*"2 F-value alpha
High yield credit spread -0,48 0,23 3,57 0.1
High yield -0,12 0,01 0,24 n.s.
BAA bond yield 0,10 0,01 0,16 n.s.
M&A wolume 0,54 0,29 5,34 0.05
IPO wolume -0,26 0,07 0,87 n.s.
FTSE Europe 0,22 0,05 0,81 n.s.
FTSE world 0,55 0,30 4,34 0.1
Buyout leverage 0,31 0,10 1,76 n.s.
Buyout fundraising 0,20 0,04 0,70 n.s.

Figure 38 One-factor forecasting regression analysis Europe

As one can see the significant macroeconomic variables of the forecasting one-factor
regression analysis are the same variables that emerged in the ordinary regression analysis of
private equity performance, abeit less significant. European private equity performance can
be forecasted based on high yield credit spreads, M&A volume and the FTSE World. The
confidence level of the three parametersis always larger than 90% (1-apha).
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Correlation of variables with the US private equity index
at time t+1

Significance
Variables Correlation Adj R*"2 F-value alpha
High yield credit spread -0,58 0,34 6,11 0.05
High yield -0,13 0,02 0,26 n.s.
BAA bond yield 0,18 0,03 0,52 n.s.
FED rate 0,31 0,09 1,66 n.s.
Industrial production 0,31 0,10 1,72 n.s.
GDP growth 0,00 0,00 0,00 n.s.
M&A wolume 0,48 0,23 3,92 0.05
IPO wolume 0,07 0,00 0,06 n.s.
S&P 500 0,48 0,23 4,73 0.05
FTSE USA 0,49 0,52 9,60 0.025
FTSE All World 0,41 0,17 2,07 n.s.
Buyout leverage 0,44 0,19 3,74 0.05
Fundraising 0,06 0,00 0,06 n.s.
P/E ratio S&P 500 -0,70 0,49 15,55 0.01
Liquidity premium 0,16 0,03 0,33 n.s.

Figure 39 One-factor forecasting regression analysis US

The price/ earnings ratio of the S& P 500 seems to be a strong indicator of future private
equity performance with a negative correlation of -0.70 at a99% confidence level. The FTSE
USA and the high yield credit spread are aso strong indicators for future (one year ahead)
private equity performance. Almost all macroeconomic variables have decreasing significance
when compared to the non-forecasting one-factor regression analysis. Some even became
non-significant in the forecasting regression analysis. The results from this analysis will be
used in the next section.

8.3.2 Forecasting (multiple factor) regresson analysis per quadrant

The quadrant modelling philosophy uses 4 quadrants with quadrant-specific variables. For
example the valuation quadrant uses valuation-based variables and the sentiment quadrant
only sentiment-related variables. Below the macroeconomic variables are grouped per
quadrant for both Europe and the US. This grouping is based on other quadrant models and
the previous (qualitative) private equity quadrant model. Each quadrant only represents the
significant macroeconomic variables.

Europe Macro quadrant

High yield credit spread
European M&A volume

Europe sentiment quadrant
FTSE World

Europe does not have a valuation quadrant because of the lack of enough explanatory
variables.
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US Macro quadrant

High yield credit spread
M&A volume

US Valuation quadrant
P/E ratio S& P 500
US Sentiment quadrant

FTSE USA
S&P 500
Buyout leverage

Variables that are in the same quadrant should be combined in one regression analysis. This
enables each quadrant to have its own forecasting value. To avoid multicollinearity all
concerned macroeconomic variables are analysed. For Europe this concerns the macro
quadrant and for the US both the macro and the sentiment quadrant.

An absolute correlation value which is higher than 0.60, is a statistically critical value
(Verschuuren (2002)). This means that if two parameters have an equal or larger correlation
than 0.60 (absolute value) they are not used simultaneously in one multiple regression
analysis.

European M&A volume and high yield credit spread are -0.53 correlated. US M&A volume
and high yield credit spread are -0.84 correlated. The FTSE USA and the S&P 500 are 0.97
correlated. FTSE USA is0.58 correlated with buyout leverage, the S& P 500 is 0.50 correlated
with buyout leverage.

For Europe this means that European M&A volume and high yield credit spread can be used
in multiple regression analysis. There till needs to be determined whether the adjusted R? is
higher than each of the single variables. In the US the high yield credit spreads will be used
solely in the macro quadrant since the correlation with US M&A volume is too high. High
yield credit spread has the highest single factor explanatory power when compared to US
M&A volume. The FTSE USA istoo correlated with the S& P 500 for avalid multiple
regresson analysis. Since the FTSE USA has a higher single factor explanatory power when
compared to the S& P 500 this variable will be used in combination with the buyout leverage
in the sentiment quadrant. There till needs to be determined whether the adjusted R? is higher
than each of the single variables.

Multiple factor regression works comparable to one-factor regression analysis. Only the
future private equity performancey,,, (one year ahead) is than explained by more than one

parameterx; Y, = Do +byx +boX to.tbix, ey,

The figures below present the multiple regression results for both Europe and the US.

Multiple factor regression analysis (US)
Significance
Variables adj R*"2 F-value alpha
FTSE USA & Buyout leverage 0,42 4,57 0.05
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Figure 40 Multiple-factor forecasting regression analysisUS

Since the FTSE USA has a larger adjusted R? (0.52) as a single variable (which is also more
significant) than in the multiple regression and therefore the US sentiment quadrant will only
consist of the FTSE USA asforecasting variable. The FTSE USA has alarger explanatory
power than the buyout leverage if observed as single variables.

Multiple factor regression analysis (Europe)

Significance
Variables adj R"2 F-value alpha
High yield credit spread &
M&A wolume 0,19 2,54 n.s.

Figure 41 Multiple-factor forecasting regression analysis Europe

Since M&A volume in Europe has alarger adjusted R? (0.29) asasingle variable (and is
significant as well) than in the multiple regression and therefore the European macro quadrant
will only consist of the M&A volume as forecasting variable. The M& A volume has a larger
explanatory power than the high yield credit spreads as single variables.

By excluding the variables from the multiple regressions all quadrants of both Europe and the
US are left with one variable. The regression coefficients and other regression data can be
found in Appendix A.3. Chapter 9 will describe how the results of the forecasting regression
analysis are used in the further construction of the quadrant model.

8.4 Out of sample back-testing

The low amount of data points does not facilitate an out of sample analysis of the private
equity index and the macroeconomic parameters. Especially some of the macroeconomic
parameter sequences are not consisting of many observations. For example the high yield
credit spread sequence conssts of 15 observations. This means that for the goa of this
research, the development of a private equity performance forecasting mode, it is not
possible to do a back-test for validity of the forecasting model. Thefirst regresson analysis
gives an indication of interdependency between the macroeconomic parameters and the
private equity index. The forecasting regression analysis gives an indication of the forecasting
power of macroeconomic variables. It is up to the end user to determine whether the results of
both regression analyses, and its forecasting power, can be considered valid.
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Chapter 9: Quadrant model

Final goal of thisresearch is the development of the quadrant model for private equity. This
quadrant model will have the same structure as the currently used quadrant models described
in the chapter 1. The first section will describe the calculation factors for the model based on
the regression results from the previous chapter. It will also describe the frequent input of
updated market data. The second section will describe the output of the model; the quadrant
methodology is based on scores and not on direct regression results. The last section will
describe how AEGON will use this model. This section discusses the usage frequency and the
future improvements to the quadrant model.

9.1 Input

The input of the quadrant model will be based on the selected variables from the section 8.3.
AEGON Asset Management produces quarterly and yearly reports for its customers and for
internal use. These reports describe market expectations for future periods based on quadrant
model outputs. It is expected that AEGON will use thismodel every (half) year to give a
forecast on private equity performance for the next half year.

The coefficients from the regression anal ysis will be inserted in the quadrant model. For
ingtance if the FTSE USA increases in value this (half) year, thisrelative increase is
multiplied by its coefficient from the multiple factor regression analysis. Subsequently the
intercept coefficient is added and a certain outcome is the result of this calculation. This
outcome is the forecast of the sentiment quadrant for private equity performance for next
(half) year. The same holds for other quadrants. Updated market information will be used as
input for the model.

9.2 Output

The output of the model will not be given in regression results but in scores. Every quadrant
will have scores ranging from -2 to +2 (very poor to very good). The outcomes of the
regression results have to be ranked from very poor to very good.

Below the quadrant model with stylised scores for private equity is shown:

Macro quadrant Valuation quadrant
High yield credit spread P/E ratio S&P 500
Score + |1.5 ||Score |-_|_l
Sentiment quadrant Technical quadrant
FTSE USA Not applicable
Period
Score + 1.5 | January 2007 to June 2007

Figure 42 Quadrant model for US private equity
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Europe has a comparable quadrant model it is only based on the macro and the sentiment
quadrant (with respectively European M&A volume and the FTSE All world as explaining
factors).

Currently it isdiscussed at AEGON what score is applicable for a certain outcome of the
regressions. It is expected that the benchmark for AEGON's private equity results will be
used for 0-score (FTSE All world + 300 base points risk premium on a 10 year rolling
horizon). At this moment the scores are not identified but the regression results make it
possible to relate private equity performance quantitatively to scores and construct the
quadrant model: the goal of this research.

9.3 Quadrant model in practice

The quadrant model will be used once or twice a year to forecast private equity performance.
Thisforecast information will be used in the macroeconomic reports produced by AEGON. It
gives arough indication how private equity markets are developing.

The quadrant model and the underlying regressions are far from perfect. As with other
guadrant models this mode is subjected to continuous devel opments. Aswill be described in
the recommendations a lot of improvements can be made to the research methodology, the
regression analysis and the final model.
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Chapter 10: Conclusions

Reflecting on the research objectives and the research results interesting conclusions can be
drawn upon this research. First it can be stated that researching private equity performance is
achallenging task, the information availability at AEGON forced alternative research
methods. This can be seen asanironical fact, using aternative research methods for private
equity, an alternative asset class. The conclusions focus first on the research method and
subsequently on the research results.

The used research method, based on the estimation model for creating a benchmark or an
index for private equity performance, has been developed because other research methods
appeared even more inaccurate. The availability of information constrained this research at
various stages. The use of assumptions was unavoidable for this research to generate the
desired private equity performance index. The results of the regression analysis should be
handled with care because of all (potential) biases (algorithm bias, objective function bias and
data bias) and assumptions.

The private equity index for Europe seems hard to relate to macroeconomic drivers. Europe
has along history of lessintegrated countries with different economies. The index and its
underlying assumptions are possibly harder to state for Europe compared to the US. Long-
term parameter sequences (such asindustrial production) are also hard to gather for Europe.
Above-mentioned issues make researching private equity performance in Europe more
difficult than compared to the US.

The results of the (forecasting) regression analysis for both Europe and the US (given
theissues of the private equity index) are in line with expectations. The coefficients of the
selected parameters have the expected signs (if compared with literature and the previous
quadrant model).

Comparison of the research results with literature is difficult. Most articles do not
present easy to compare statistical information. Often literature presents combined statistical
information, which is hard to relate to this research.

Verifying regression results with out of sample back-testing is difficult. The low
number of observations, based on a self-constructed private equity index, makesit hard to
back-test the results. The private equity index itself contains numbers that are not easy to
verify aswell. The index is unique and can only be verified after afew years, when
performance is clearer over several years. Therefore the research results should be handled
with care and it depends on the end-user whether he bases conclusions upon it.

The quadrant model can be built based on the results of the regression analysis. After
discussions with portfolio managers at AEGON the scores will be determined and the selected
factors will be incorporated in the quadrant model. Thiswill be done after completion of this
thesis.

An advantage of the constructed estimation model isthat it is very flexible and can
adapt to newly available information. If more information regarding cash flow patterns etc.
becomes available the model can incorporate this by adjusting the fixed parameters and the
results of the model are expected to be more reliable.

To summarise, it can be concluded that European and US private equity performance can be
forecasted with this research method. The results of the (forecasting) regression analysis and
therefore the quadrant model should be handled with care. The availability of more
information and improvements to the estimation model (algorithm included) will increase the
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reliability of the private equity index and thus the forecasting regression results and ultimately
the quadrant model.
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Chapter 11: Recommendations

The research method used in this research isinitially created to cope with the availability of
detailed performance data. This chapter will discuss recommendations for further research in
two separate sections. Thefirst section will shortly describe the “what if” situation, the
situation where all desired information is available for research. The second section will
discuss further research recommendations in the current situation where private equity
performance information is scarce.

11.1 “What if” situation

In the situation where all desired information is available, or more detailed information than
AEGON has at this moment, other research methods would have been used. If cash flow data
of large groups of individual funds was available, a more precise relationship could be
determined between macroeconomic variables and private equity performance. The
availability of detailed information on portfolio company performance and capita structure
changes of the underlying companies could further improve the quality and scope of the
research. The used research method would then be equal to current research methodsin
literature. More information, in terms of detailed fund cash flow data or even detailed
underlying company data, would lead to a more empirically structured research. Empirical
research is preferred above the currently used assumptions based estimation method.

Ergo, more information would facilitate better research methods with more precise empirical
results.

ISAEGON able to get more information on private equity performance? For AEGON it is
possible to get better information from the large commercial dataproviders. It isvery
important to realise that more data from these databases will improve the research results but
for AEGON the extra costs of usng commercial databases and further research are not
expected to outweigh the additional research improvements. AEGON will use the results of
this research purely to forecast private equity performance and to gain a better understanding
of this asset class. The quadrant model developed in this research will only be used once or
twice ayear and that will not be sufficient to justify large investments in commercial
databases.

If one really wants to understand private equity performance, the commercial
databases are even not good enough for providing detailed data. These databases do not
exhibit information on the underlying companies, the performance of these companies and the
changing capital structure of these companies. This datais only available at the private equity
funds themselves and these funds are usually reluctant to provide this information.

11.2 Current dtuation

It is not expected that AEGON will invest in commercial private equity databases in the near
future. In this situation AEGON could improve the current research results. The
improvements of the research results can be made on two distinct research components: the
available data and the estimation model.

If AEGON isable to acquire visual presentations of cash flow patterns of entire
vintage years (and not the underlying data) this information could be used to make better
assumptions on the investment paces and divestment paces of particular vintage years likein
the article of Takahashi & Alexander (2002).
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A better algorithm design can make the largest improvements in this research. This algorithm
would generate more stable results based on different initial estimation parameter sequences.
This could even imply that the objective function can be stated differently.

In this research the concept of one private equity index based on available historical
performance information has been developed. Further research could improve this concept by
using better a better estimation model and a better optimising algorithm. Two proposed
improvements to the estimation model are given in section 7.9 to lower the amount of
estimation parameters. Both improvements would require adifferent algorithm and it is
expected that these improvements will generate more stable results.

If the current algorithm generates stable results and more (visua) information
regarding pooled vintage year cash flows is available the resulting private equity index is
more reliable. The results of the regression analysis and subsequently the results of the
guadrant model would be more reliable.

Future research could also focus on residual analysis as described in section 7.8.2.
Thisanalysis could give better insightsin the chosen research methodology and its
assumptions.

The results for Europe are somewhat lagging US results. This research showed the
difficulties of relating European private equity performance to macro-economic parameters.
Further future research could focus more on European performance attribution. The
availability of more information regarding European private equity performance is desirable
for more extensive research.

Out of sample testing remains difficult with limited available information. In the
current Stuation of limited information it is not expected that this problem can be solved.

To summarise: both the estimation model and the results can be improved. The estimation
model gives better results with an improved algorithm and the results can be improved with
more detailed (cash flow) information. Back-testing the results with this research approach
remains difficult.
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Chapter 12: Reflection

This chapter will give a persona perspective on this research project. | applied for this
research project in May/June 2006. In this period | was very busy finalising my final exams.
After ashort holiday | started on August 15th on this project. Initially | started with the
literature search and read alot on private equity in general and private equity performancein
particular. After amonth and a half | processed all available literature on private equity
performance and | knew what performance information | needed to do this research.

Sam Robinson of SVG Capital provided the desired information: private equity
performance data, this was on the 4" of October. Then | realised that this information was not
sufficient to do research with conventional methods. More information than this was not
available for AEGON. The quest for alternative research methods had begun!

My first research attempt was to relate DIRR’ s (between different vintage years) to
macroeconomic parameters. The ideabehind this research method was that certain
macroeconomic parameters only influence certain phases of the private equity lifecycle. |
tried to relate the DIRR’ s with the DParameters exposed to other time periods related to
certain phases of the private equity life cycle. This research method did not generate stable
results when one compared the analysis for TVPI and IRR. It was also very hard to determine
where phases (or cash flows) of certain vintage years are positioned exactly. The results were
disappointing but the idea that private equity phases are important and that there is one
economic environment affecting all vintage years stayed in my mind.

| realised that | had to mimic cash flow patterns to better relate macroeconomic
parameters to private equity performance. Cash flow pattern analysis also highlighted in most
literature studies. | constructed my own cash flow pattern smulation for this purpose. This
took quite some time. At about half November | realised that my own cash flow pattern
simulation model was not of much use. In other words, it was useless!

After asecond literature search | rediscovered the article of Takahashi & Alexander
(2002). This model gave me the opportunity to generate J-curves with different input
parameters. With this model and the idea that there is one economic environment should
facilitate private equity performance | adjusted this model. After along period of building
estimation models and algorithms to automatically find private equity indices | managed to
build the final model. The algorithm used to find these indices appeared to have certain
biases. In the end of thisresearch | could not solve all biases. | believe that solving the
algorithm issues is aresearch project initself. The results of this research will become more
reliable but | do not think that it will change alot to the currently found regression
relationships. These relationships appear quite sensible at the moment.

After 5 months of my internship | found out how to construct private equity indices for
both Europe and the US. All kinds of problems emerged when | wanted to generate the
private equity indices. What are your initial values, how to solve algorithm robustness issues
etc? All these issues are (partly) solved in my evening hours from the moment | started
working full-time for AEGON Asset Management from the 1% of February. The following
months | have worked in the evening and weekends to write large parts of this thesis and
execute estimation runs and gather research results. For everyone who is considering writing
his thesisin evenings and in weekends: do not do this! It is more work than you can ever
imagine!

After more than three months working in the evening hours | have written the thesis that isin
front of you. This challenging research resulted in along creative process with the quadrant
model asfinal result. | have enjoyed finding creative solutions to seemingly unsolvable
problems.
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Appendices

A.1 Algorithm in practice

This section will describe how the private equity index is calculated in practice. The Excel
computer model consists of several worksheets with input and output fields and four VBA-
subs or functions. This section describes al worksheets and VBA-functions in detail. Below
the first worksheet is represented schematically. In the figure a short description is given for
each field.

Worksheet “Input”

1 2.

3. 4. 1.) Matrix with yearly J-Curve characteristics: lifetime,
total time so far, investment pace in each year of a
certain vintage year and the divestment pace

5 2.) Matrix with entry and exit conditions and adjustable

D . estimation parameter sequences, ultimately resulting
in the private equity index

3.) Matrix with historical IRR and TVPI vaues for the
vintage years between 1986 — 2005

4.) Automated input-screen for the J-Curve calculations

5.) Input-screen for the desired number of estimation runs

Asindicated in the figure, most fields are meant for the fixed input parameters of the
individua J-curve characteristics. Except for the yearly growth rates (estimation parameters)
infield 2 all the inputswill remain fixed during the estimation runs with the algorithm. These
inputs are based on assumptions regarding individual vintage years. More on this subject will
be described the section 8.1. So every vintage year has own fixed parameters: lifetime (L, ),

total time so far (TT, ) (for example afund started in 2001 has 5 years as total time so far), the
investment pace ( RC, ;) and adivestment pace ( B, ). The yearly estimation parameters (G, )
are presented in field 2. Historical private equity performance (IRR!" and TVPI ') is
presented in field 3.

The VBA-function SETYEAR (SY) putsthe J-curve fixed parameters from field 1 of a
predetermined single vintage year in field 4. The J-curve caculation uses this field as input to
caculate the J-Curve and does not use field 1 directly. For example if the vintage year 1997
needs to be calculated, the function SY gets the fixed parameter values of 1997 from field 1
and putsthem in field 4. After the function SY has set the fixed parametersin field 4 it will
initiate another function: YEARLY INPUTFACTORS (Y IF).
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Worksheet “ Cdl culation”

Le. |

2 |

8.

6.) Matrix with estimetion parameters for every year (is
equd to 2.)
7.) Matrix with a selection of vaues from 6. that are
representative for a certain vintage year, depending
on what vintage year is simulated
8.) The JCurve cdculation based on inputs from 4. and 7.

9.) Output of the J-Curve calculation: the IRR and TVPI
numbers

10.) The resuts after the caculation of al vintage years:
the sum of absolute diff erences between calculated
and historical IRR and TVPI numbers as well as
correlations between these numbers

The function Y IF uses the input from field 6 (which is a copy of field 2) to determine what
section of the estimation parameter sequence (the initial sequence of the PE index) is
representative for a certain vintage year, for example 1997. Thus the function putsthe yearly
estimation parameters from 1997 to 2006 infield 7 (if the life of that vintage year is set at 10
years).

At thismoment the function SY has set all fixed parameters at field 4 and the specific
estimation parametersin field 7 (with the function Y IF). Field 8 immediately calculates

automatically the corresponding IRR®® and TVPI,“*° valuesin field 9. This process can be

executed by clicking the button “ Setyear” which is obviously connected to the VBA-function
SY. Up to this moment thisis amanua way to caculate the IRR and TVPI number of an
individud vintage year.

Thefunction VINTAGEY EARTEST (VY T) uses the function Setyear to repest this process
for al vintage years. The function VYT starts when the button “Vintage year test” is clicked.
VYT begins setting field 4 and 7 for the conditions of the vintage year 1986, calculates the

IRR®® and TVPI ¢ and puts this result in the first column of field 11. This is repeated until
2006 and all columns of field 11 are filled with the calculated 1RR®*°and TVPI,“*° numbers

of eachindividual vintage year. So when fixed parameters are changed in field 1 and the
function VYT simulates all vintage yearsthe IRR®®® and TVPI &° numbers of corresponding

vintage years will change. When the estimation parametersin field 2 are adjusted and the
function VYT simulates all vintage years the IRR®®® and TVPI **° numbers of multiple

vintage years will change. This is because these parameters affect more than one year.

At this moment the function VYT is able to calculate the IRR™® and TVPI *° numbers for

each vintage year in one calculation run and presents the resultsin field 11. Fixed parameters
can be set and the estimation parameters are till to be set manually. The idea behind this
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model isto let the agorithm find aprivate equity index that drives private equity performance
measured by the historical IRR!™ and TVPI," numbers. When thisis done manually it takes

too much time and can be inaccurate.

Worksheet “Estimation”

[ |

[12 |

13.

14.

11) Matrix with all calculated IRR and TVPI numbers after 1 estimation run of al vintage years
12.) Matrix with absolute diff erences between calculated and historical IRR and TVPI numbers

13.) Output screen of the dgorithm that presents al calculated summed absolute diff erences
from 10.

14.) Output screen of the agorithm that presents al tested values (as abandwidth of the current
estimation parameters) corresponding to the values in 13. The estimation parameter
change that generates the lowest summed absolute difference will be used in a subsequent|
simulation run.

Infield 12, the squared differences are determined between the calculated IRR®™® and

TVPI ¢ numbers from field 11 and the historical IRR!"*and TVPI,"* numbers from field 3.

Thisis calculated by the worksheet and not by a VBA-function. On field 10 these squared
differences (=result of the objective function) are summed to one single number, the result of
the objective function corresponding to the estimation parameter sequence from field 2 (and
the fixed parameter setting from field 1) after using the function VYT.

So, by clicking the button “Vintage year test” with a given initial estimation parameter
seguence the result of the objective function can be calculated at field 10. The lower this
number is the more the calculated 1RR®° and TVPI “#° sequence match with the historical

IRRM and TVPI % sequence. An iterative way to minimise the result of the objective

function based on these sequences is executed with the VBA-function “MINABSDIFF”
(MAD), which is the actual algorithm. The button “Find PE index!” initiates this VBA-
function.
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Worksheet “Process’

15. 16.

17

21,

= [

15.) Outputscreen with ultimate step size and globa minimum per
individual run

16.) Temporary imterim estimation index

17.) Temporary globa minimum

18.) Estimation parameter sequence previous run
19.) Run number

20.) Step size of current run

21) Cumulative step size (all runs)

The algorithm MAD can run anumber of times; this number can be set at field 5. At each run
MAD calculates the result of the objective function at field 10 with the initial estimation
parameter sequence by using the function VY T. The entire initial estimation parameter
sequence is copied in field 18. The corresponding result of the objective function from field
10 is copied in thefirst line of field 15 and isrepresented in field 17. Thisisthe initial run of
the algorithm.

In the next run the algorithm calcul ates an adjusted estimation parameter sequence based on
theinitial estimation parameter sequence only with minor changes. The MAD function
adjusts the estimation parameter sequence as follows. The algorithm cal culates the result of
the objective function for every individual estimation parameter G, (for example 10%) and

two surrounding values of this parameter (9% and 11%) based on an initial step sSzeh=1(1/
h = 1%). Consequently the algorithm calculates for every individual estimation parameter
which of the three values minimises the objective function most. The corresponding local
minima are copied to field 14. If all combined local minimising values minimise the globa
minimum the combination of the related growth valuesis used as the next “initial” sequence
of estimation parameters. The temporary global minimum is copied in field 17. The agorithm
puts the potential next estimation parameter sequence in field 16. Only if the new temporary
global minimum is smaller than the previous one the content of field 16 is copied to field 2 for
the next run. If all combined local minimising values do not minimise the global minimum the
step sizeis halved (the three values are now: 9.5%, 10%, 10.5%) with a maximum of h =
1024. The step size for each runis presented in field 20. In every run all estimation
parameters are adjusted to minimise the objective function.

The result of the objective function corresponding to every individual adjusted estimation
parameter G, in field 14 is presented in field 13. There is one number in field 13 that

generates the smallest result of the objective function. The corresponding adjusted estimation
parameters from the bandwidth in field 14 are responsible for this smallest number. The MAD
function adjusts thisindividual estimation parameter in field 2 and starts a new calculation run
according to the number of runs at field 5. In this way the algorithm searches iteratively for
estimation parameters that minimise the differences between the calculated and historical
TVPI and IRR sequences most.
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Once the algorithm has found the region of the (sub-) optimal solution the gainsin each run
become smaller and smaller. It is up to the end user to determine at what moment the (sub-)
optimal solution is reached (depending on the number of predetermined runs or the ultimate
differences in subsequent results of the objective function). Field 21 is a process field that

helps putting the output of each run with possible several step size changesin field 14.

A.2 Divestment paces of estimation modéd |1

Divestment paces estimation model Il (Europe)
Year runl run2 run3 run4 run5 runé run7 run8 run9 runl0 runll
1986 3,55 3 3,25 3,45 3,45 3,45 3,45 3,2 3,45 3,25 3,45
1987 2,25 2,25 2,25 2,3 2,3 2,3 2,3 2,3 2,3 2,3 2,3
1988 3 2,75 2,75 3 3 3 2,7 2,7 2,7 2,7 2,7
1989 2,6 2,6 2,6 2,6 2,6 2,6 2,4 2,4 2,4 2,4 2,4
1990 2 2,1 2,1 2,1 2,1 2,1 2 2,1 2,1 2,1 2,1
1991 1,95 1,95 1,95 1,95 1,95 1,95 1,95 1,95 1,95 1,95 1,95
1992 2,05 2,25 2 2,05 2,05 2,05 2,05 2,05 2,05 2,05 2,05
1993 1,5 2,6 1,4 1,4 2 1,3 1,3 1,6 1,1 1,1 1,1
1994 2,5 2,25 2,9 2,5 2,1 2,2 2,2 2,2 2,2 2,2 2,2
1995 1 1,75 1,75 1,1 1,1 1,1 1,1 1,3 1,1 1,1 1,5
1996 1,55 1,6 1,8 1,55 1,55 1,55 1,55 1,55 1,4 1,4 1,3
1997 2,15 2,15 2,15 2,15 2,15 2,15 2,15 2,15 2,15 2,15 2
1998 2,2 2 2 2,2 2,2 2,2 2,2 2,2 2,2 2,2 2,1
1999 2 2,75 1,9 1,8 1,6 1,4 1,4 1,4 1,1 1,1 1,1
2000 1,5 2 2 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5
2001 2 1,9 1,9 2 2 2 2 2 2,7 2,7 2,7
2002 2,5 2,25 2,25 2,25 2,25 2,25 2,25 2,25 2,6 2,6 2,6
2003 2,5 2,25 2,25 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5
2004 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5
2005 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5
Divestment paces estimation model Il (US)
Year run 1 run 2 run 3 run 4 run 5 run 6 run 7 run 8 run 9 run 10 run 11
1986 4,85 35 3,2 3,2 3,2 3,8 3,8 3,8 3,8 3,8 3,8
1987 3,45 3,4 31 31 31 35 35 35 3,5 35 35
1988 3,3 3,3 3,3 33 2,8 2,8 2,8 2,8 2,8 2,8 2,8
1989 2,65 3,3 3,3 35 3,2 3,6 3,8 3,8 2,5 3,8 3,8
1990 2,95 2,95 31 31 31 31 31 31 31 2,9 2,9
1991 2,4 2 2 1,8 2 1,8 1,2 1,1 1,1 1,2 1,2
1992 1,7 1,7 2,2 2,2 2,2 2,2 2,2 2,6 2,6 2,4 2,4
1993 2,05 2,05 2,05 2,3 2,5 2,9 2,9 2,9 2,9 2,9 2,9
1994 2,65 2,65 2,4 2,4 2,4 2,4 2,9 31 31 2,9 2,9
1995 2,35 2,35 2,35 2,35 2,35 2,35 2,8 2,4 2,4 31 31
1996 3,2 3,2 3,2 3,2 3,2 3,2 3,4 3,4 3,4 3,4 3,4
1997 2,35 2,5 2,75 2,95 31 35 35 2,9 2,9 35 1,5
1998 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 1,7
1999 2,65 2,65 2,65 2,65 2,65 2,65 2,65 2,65 2,65 2,65 2,65
2000 1,3 2,3 2,3 2,3 2,2 2,5 2,5 2,5 2,3 2,5 2,5
2001 0,8 2 2 2 2 2 2 2 2 2 2
2002 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,25 2,25
2003 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5
2004 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5
2005 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5
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A.3 Regression results

Correlation of variables with the European private equity index

attime t
Significance F t-value Significance B° tvalue Significance B*

Variables Correlation Adj R?  F-value alpha B B alpha B! B! alpha
High yield credit spread -0,46 0,21 3,45 0.01 0,40 2,80 0,010 -0,05 -1,86 0,050
High yield 0,08 0,01 0,09 n.s. 0,12 0,62 n.s 0,01 0,30 n.s.
BAA bond yield 0,05 0,09 1,17 n.s. 0,72 1,38 0,100 -0,07 -1,08 0,150
M&A wlume 0,63 0,40 8,56 0.025 0,11 2,38 0,020 0,29 2,93 0,010
IPO volume -0,01 0,00 0,00 n.s. 0,15 2,58 0,020 0,00 -0,03 n.s.
FTSE Europe 0,30 0,09 1,61 n.s. 0,14 2,75 0,010 0,33 1,27 0,150
FTSE world 0,56 0,32 5,09 0.05 0,12 2,28 0,025 0,68 2,26 0,025
Buyout leverage 0,26 0,07 1,20 n.s. 0,07 0,60 n.s. 0,04 1,10 0,150
Buyout fundraising 0,04 0,00 0,02 n.s. 0,18 3,32 0,003 0,01 0,15 n.s.
Correlation of variables with the US private equity index
attime t

Significance F t-value Significance B° t-value Significance B
Variables Correlation Adj Rz F-value alpha B° B° alpha B1 B1 alpha
High yield credit spread -0,83 0,69 29,21 0.001 0,33 7,79 0,001 -0,04 -5,40 0,001
High yield -0,10 0,01 0,16 n.s. 0,16 1,78 0,050 0,00 -0,41 n.s.
BAA bond yield 0,12 0,01 0,22 n.s. 0,05 0,31 n.s. 0,01 0,47 n.s.
FED rate 0,49 0,24 5,02 0.05 0,03 0,65 n.s. 0,02 2,24 0,020
Industrial production 0,46 0,21 3,99 0.1 0,09 2,85 0,010 1,53 2,00 0,050
GDP growth -0,07 0,00 0,07 n.s. 0,15 1,66 0,100 -0,01 -0,27 n.s.
M&A wolume 0,64 0,40 8,83 0.025 0,08 3,69 0,001 0,16 2,97 0,010
IPO wolume 0,21 0,04 0,60 n.s. 0,11 4,12 0,001 0,04 0,77 0,250
S&P 500 0,65 0,43 11,98 0.01 0,09 4,29 0,001 0,37 3,46 0,003
FTSE USA 0,74 0,54 11,84 0.01 0,08 3,39 0,003 0,33 3,44 0,005
FTSE All World 0,59 0,34 5,73 0.05 0,09 3,21 0,005 0,37 2,39 0,020
Buyout leverage 0,50 0,25 5,30 0.05 0,03 0,61 n.s. 0,04 2,30 0,020
Fundraising 0,32 0,10 1,74 n.s. 0,11 4,29 0,001 0,09 1,32 0,150
P/E ratio S&P 500 -0,57 0,33 7,82 0.025 0,34 4,34 0,001 -0,01 -2,80 0,010
Liquidity premium -0,26 0,07 0,93 n.s. 0,14 3,65 0,003 -0,02 -0,97 0,200

Correlation of variables with the European private equity index
at time t+1 (forecasting regression)

Significance F t-value Significance B° tvalue Significance B*

Variables Correlation Adj R?  F-value alpha B B alpha B! B! alpha
High yield credit spread -0,48 0,23 3,57 0.1 0,42 2,96 0,010 -0,05 -1,89 0,050
High yield -0,12 0,01 0,24 n.s. 0,27 1,36 0,100 -0,01 -0,49 n.s.
BAA bond yield 0,10 0,01 0,16 n.s. 0,06 0,19 n.s. 0,01 0,40 n.s.
M&A wlume 0,54 0,29 5,34 0.05 0,10 2,02 0,050 0,26 2,31 0,020
IPO volume -0,26 0,07 0,87 n.s. 0,19 3,33 0,005 -0,03 -0,93 0,200
FTSE Europe 0,22 0,05 0,81 n.s. 0,15 2,95 0,005 0,25 0,90 0,200
FTSE world 0,55 0,30 4,34 0.1 0,15 2,92 0,010 0,62 2,08 0,050
Buyout leverage 0,31 0,10 1,76 n.s. 0,08 0,96 0,200 0,08 1,33 0,100
Buyout fundraising 0,20 0,04 0,70 n.s. 0,15 2,96 0,005 0,03 0,84 0,250
Correlation of variables with the US private equity index
attime t+1 (forecasting regression)

Significance F t-value Significance B° t-value Significance B
Variables Correlation Adj Rz F-value alpha B° B° alpha B1 B1 alpha
High yield credit spread -0,58 0,34 6,11 0.05 0,27 4,05 0,001 -0,03 -2,47 0,020
High yield -0,13 0,02 0,26 n.s. 0,17 1,84 0,050 0,00 -0,51 n.s.
BAA bond yield 0,18 0,03 0,52 n.s. 0,03 0,18 n.s. 0,01 0,72 0,250
FED rate 0,31 0,09 1,66 n.s. 0,07 1,46 0,100 0,01 1,29 0,150
Industrial production 0,31 0,10 1,72 n.s. 0,10 3,13 0,005 1,02 1,31 0,150
GDP growth 0,00 0,00 0,00 n.s. 0,12 1,31 0,150 0,00 0,02 n.s.
M&A wolume 0,48 0,23 3,92 0.05 0,09 3,47 0,003 0,12 1,98 0,050
IPO wolume 0,07 0,00 0,06 n.s. 0,11 3,96 0,001 0,01 0,24 n.s.
S&P 500 0,48 0,23 4,73 0.05 0,10 4,07 0,001 0,27 2,18 0,025
FTSE USA 0,49 0,52 9,60 0.025 0,08 3,22 0,010 0,34 3,10 0,010
FTSE All World 0,41 0,17 2,07 n.s. 0,10 3,02 0,010 0,27 1,44 0,100
Buyout leverage 0,44 0,19 3,74 0.05 0,06 1,71 0,100 0,02 1,93 0,050
Fundraising 0,06 0,00 0,06 n.s. 0,12 4,98 0,001 0,02 0,24 n.s.
P/E ratio S&P 500 -0,70 0,49 15,55 0.01 0,37 5,84 0,001 -0,01 -3,94 0,001
Liquidity premium 0,16 0,03 0,33 n.s. 0,09 2,05 0,050 0,01 0,57 n.s.
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Multiple factor regression analysis (US)

Significance t-value Significance B° t-value Significance Bn
Variables adj R"2 F-value alpha B° B° alpha Bn Bn alpha
Buyout leverage & 0,11 2,23 0.05
FTSE USA 0,42 4,57 0.05 -0,12 -1,24 ns. 0,05 0,36 n.s.
Multiple factor regression analysis (Europe)

Significance t-value Significance B° t-value  Significance Bn
Variables adj R*2  F-value alpha B° B° alpha Bn Bn alpha
High yield credit spread & -0,03 -1,00 n.s.
M&A wlume 0,19 2,54 n.s. 0,29 1,61 0,15 0,16 0,26 n.s.
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