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1. Abstract

It is the purpose of the following research to develop accurate parametric pricing models for hedge funds and fund of hedge funds. The proposed pricing models should subsume the special statistical properties of alternative investment funds: non-normality of the return series, serial correlation of consecutive return observations, as well as phase-locking behavior. Additionally, the models should allow for the broad range of trading strategies employed in hedge funds: trading in illiquid securities, derivatives trading, short-selling of securities, and extensive financial leverage. The approaches selected for comparison include linear single and multifactor models, constrained multifactor pricing models, factor component analysis, polynomial higher-moment models, regime-switching models, and semi-parametric models based on Monte Carlo simulation. The outcome of this study will provide both practitioners and statisticians with an adequate framework to assess, categorize and predict hedge fund investments.

Keywords: hedge funds, asset pricing theory, alternative investments, regression analysis, factor component analysis, regime-switching, Monte Carlo simulation

2. Introduction

The following chapters present the methodological and philosophical aspects of the proposed research. This paper can be broadly subdivided into five chapters focusing on the distinct stages of conducting the doctoral research project. The main focus lies with the statistical tools and data analysis methodologies in the fields of quantitative finance. The final chapter includes some suggestions and comparisons on using referencing tools and source pickers when composing the final draft. The chapter titles are as follows:

· Philosophical approach and research methodology.

· Data mining and treatment.

· Data bias in economic time series.

· Data analysis and statistical tools.

· Composition of final draft and reference managers.

It is the intention of the author to give general guidelines for conducting research into the broader fields of quantitative finance and to provide fellow researchers with a number of helpful resources as well as computer-based programs to facilitate the research progress. Special attention is paid to free-ware and Microsoft Office add-ins that are available online. Additionally, helpful online forums as well as discussion groups for academic researchers will be discussed. The second chapter also includes a brief introduction to relationship-based database management (via Microsoft Access), as well as the use of Search Query Language (SQL) to retrieve relevant data from large databases. Chapter three will be composed of a summary introduction to various statistical programs and the use of Microsoft Visual Basic for Applications (VBA).

3. Philosophical approach and research methodology

The proposed thesis is a quantitative, statistical survey on the properties of hedge funds. The research philosophy is positivistic, the approach to the research problem deductive; the author intends to postulate hypotheses that can then be tested with statistical procedures. Empirical research will be conducted interpreting the quality of regression and pricing models on the basis of historic quantitative data. The data strings considered stem from external secondary database providers. The majority of the data is composed of historic time series of index returns and fund Net-Asset-Values. The data is raw data that needs processing in order to account for various database-inherent bias effects. Other data results from Monte Carlo simulations. 

The process of identifying adequate pricing models is conducted in three separate stages. First, regularly observable independent variables that explain a statistically significant proportion of the variation in the dependent variable must be identified. Second, the form of the relationship between explanatory and dependent variables can be determined. Some of the statistical procedures and regression diagnostics used throughout the analysis stage include: Analysis of Variance (ANOVA), Autoregressive Moving Average Models (ARMA), Autoregressive Integrated Moving Average Models (ARIMA), General Least-Square (GLS) estimators, polynomial fitting, optimization via Lagrange estimators and Karush-Kuhn-Tucker (KKT) algorithms, Principal Component Analysis (PCA) and Monte Carlo simulation. Regression models considered include univariate linear regression, multrivariate regression, conditional / regime-switching models and non-linear higher-order regression. In order to preserve the validity of models, the appropriate statistical tests include: normality (Jarque-Bera, Chi-Squared), serial correlation (Durbin-Watson, portmanteau test), non-stationarity (unit root tests), collinearity and phase-locking as well as goodness of fit (F-test, Akaike Information Criterion, Schwartz, Hannan).

Lastly, computer-based risk simulations are used to test the applicability of asset pricing models in a number of scenarios. More specifically, they can identify critical boundaries for parameter estimators at which the underlying assumptions and interrelations of the models do not hold true. On the basis of observed historical return distributions, we can simulate a behavioral pattern for different parameters and observe their influence on the return profile of a hedge fund (assuming that the assumptions of the model are correct).

Similarly, we can simulate the performance of individual funds based on their historic return series. Using Monte Carlo simulations, no explicit assumptions have to be made about the distribution of fund returns. Often, the observed historic return series of hedge funds provides too small a sample size to make statistical inferences about the distribution of fund returns. We can rapidly increase the reliability of data with increasing number of iterations. Thus, the potential downside risks for hedge funds are directly observable from the data produced. The outcome of Monte Carlo simulations can then be compared to the results of the aforementioned pricing models. More importantly, one can assess the complexity and degree of managerial skill of hedge fund managers by comparing the realized performance of hedge funds with the outcome of simulated portfolios.

4. Date Mining and Treatment

In order to avoid selection bias and to improve the accuracy of reported performance data, the assessment of pricing models is based on the data published by more than one provider. More specifically, data is analyzed and grouped according to the degree of reliability one can expect from varying data strings. The quality of data observed depends on:

· Consistency of performance history across different database providers.

· Degree of history-backfilling bias.

· Exclusion of defaulted funds/non-reporting funds from databases (survivorship bias).

· Extent of infrequent or inconsistent pricing of assets (managerial bias).

The majority of stock and index pricing data originates from secondary financial data providers such Bloomberg and Reuters. Aggregated stock portfolios for Fama-French as well as momentum portfolios are imported directly from Kenneth French’s webpage.
 The data is assumed to be free of any bias. For pricing and performance data of single funds, the databases of Hedge Funds Research (HFR) and the Trading and Sales Support (TASS) are referred to. The combined databases cover the majority of reporting hedge funds and include additional data on leverage, trading strategies and funds-under-management. Additionally, the TASS database includes both active as well as graveyard funds.

While it is not possible to avoid all bias effects when conducting time series regression (see for example look-ahead bias), the retrieved data is corrected for any self-selection, backfilling or survivorship bias to the degree possible. It should be noted that, due to self-reporting and lack of industry reporting standards, hedge fund data will not be of the same quality as comparable mutual fund data. All data will be tested for serial correlation at distinct lags and adjusted accordingly.

5. Data bias in economic time series

Data bias effects are inherent to economic time series, whenever the pricing of assets rests upon fund managers or database vendors, either because assets are illiquid or because there is no secondary market. In addition, hedge fund managers have no legal obligation to regularly publish performance reports on the funds they manage. Performance reporting to database vendors is voluntary, and often, there is little incentive for fund managers to do so. Some of the most common bias effects in hedge fund performance data include: survivorship bias, self-selection bias, database bias, instant history bias, and look-ahead bias. Similar bias effects can also be observed in other databases.

Survivorship bias results from the tendency of funds to be excluded from databases on the basis of their short track record. Thus, performance assessment based on surviving funds is likely to positively skew the expected average performance. However, the reasons for exclusion from a database can be multitude: the fund is liquidated due to financial losses, the fund is closed to new investments, the fund is merged with another fund, or the fund simply stops reporting for different reasons without being liquidated. By comparing dead with surviving funds, survivorship bias can be estimated accurately for different databases. 

Database vendors often allow hedge fund managers to backfill their historical returns when entering databases, even though they did not report to the respective database in previous years. Managers will only consider providing their entire track record when the performance of their fund during the incubation period was better than that of its peers (biasing the past performance upwards). By dropping the first twelve month of performance reporting (average incubation period) and comparing the adjusted to the acclaimed performance of hedge funds, researchers are able to estimate instant history bias. 

The remaining bias effects relate to the sourcing and treatment of historical time series (self selection and database selection bias). Since the reporting to database vendors occurs on a voluntary basis, the sample of hedge funds observed will not constitute a true random sample of the entire population. Characteristics of reporting funds may differ widely from characteristics of non-reporting funds. Additionally, hedge fund managers may opt to report to one or two database vendors, but rarely report to all. Thus, selecting a database for statistical analysis results in a sample selection bias towards particular segments of hedge funds (some providers exclude certain investment strategies from their database). By comparing the data of multiple providers, the impact of selection bias can be mitigated.

Lastly, look-ahead bias refers to the use of information (e.g. historical prices) in a simulation that would not be available during the time period being simulated. For example, if a trade is simulated based on information that was not available at the time of the trade, the accuracy of the trade’s true performance would be skewed. Such bias can be avoided by only taking into account information available at the time of the trade itself (e.g. rolling window observations). To the extent possible, bias effects are quantified and accounted for in data analysis. Where biases cannot be avoided, it is specified in the thesis.

6. Data analysis and statistical tools

All relevant hedge fund data is stored in a Microsoft Access database. Microsoft Access presents itself as an ideal tool to manage large scale databases:

· Avoiding duplicate entries.
· Cross-referencing data from various sources.
· Combining and aggregating different databases.
· Efficient storage due to relational data management.
· Queries allow for retrieval and display of specific data.
· Linked-in with Microsoft VBA and Excel (data displayable as Pivot table reports).
· Searching for specific entries via SQL.
The appropriate way to store and manage large data is via relational databases. The intuition behind relational database design is to assign an identifier or primary key to every unique database entry. The primary keys of one entry within a database table can then be linked to a foreign key in another table. The relationships are established as one-to-one or one-to-many.
 Thanks to the relationship managers data can be stored in different tables and brought together via a query using SQL, thus greatly reducing the hard disc space and working memory required to manage the database. Additionally, Microsoft Access comes with a variety of easy-to-comprehend tools such as the query wizard and the relationship manager. Lastly, the external data tab allows for easy data import and export from and to excel, text, XML files etc. without prior knowledge of VBA or SQL. For online help and developers’ discussions on Access, VBA and SQL refer to Access World Forums at http://www.access-programmers.co.uk/forums.

Data analysts and statisticians can choose from a large variety of data processing and analysis programs and packages. The majority of calculations performed in the course of the thesis are conducted in Microsoft Excel. A number of downloadable add-ins greatly enhances the capabilities of Mircosoft Excel:

· Data Analysis and Data Analysis Plus are the standard statistical add-ins to conduct basic analysis within Excel. The packages include descriptive statistics, parametric and semi-parametric statistical tests and regression analysis. Data Analysis comes pre-installed with Excel.

· Solver is a useful tool to conduct linear or integer programming and decision analysis. The module greatly simplifies the computational efforts associated with constrained optimization problems and comes with a sensitivity assistant.

· Matrix.xla expands the initial function package to include vector as well as matrix calculations, to calculate Eigenvectors and Eigenvalues, to conduct cluster and factor analysis, and to use the majority of operations required for geometrical analysis.

· RiskSim includes both an interface for simulation as well as a function package to generate 10 different forms of distributions including uniform, exponential and normal. The program allows for up to two non-random input parameters. A similar program available online is @Risk.
All of the add-ins mentioned above are used in the data processing stage of the thesis. STATISTICA, SPSS and EViews are used to confirm the results and to conduct further analysis. In order to replicate findings and to reproduce the results for large databases, most statistical tests are written in VBA and reproduced in Excel. Visual Basic is an object-oriented, event-driven programming language closely related to C++ and descended from Pascal and BASIC. The conceptual idea behind Visual Basic is to first declare variables or objects that can then be linked via subroutines to perform certain operations. The logic of object-oriented programming is often easier to understand for beginners than conventional programming models.  VBA is Microsoft’s Visual Basic implementation built into most Microsoft Office applications. The Visual Basic editor can be found in the task pane. Using VBA, developers can manipulate user interface features, such as menus and toolbars, and work with custom user forms or dialog boxes. In addition, practitioners can enhance initial Excel capabilities via user-defined functions and subroutines.

Since VBA is widely used in Microsoft Office applications, one can make use of the online community to find support when writing macros. Two popular forums include the VBA Express Forum located at http://www.vbaexpress.com/forum as well as Mr Excel at http://www.mrexcel.com/forum. Both help forums provide extensive support through VBA and Excel professionals and are free subscriptions. Many online sites offer share-ware VBA scripts for the most common applications in both Excel and Access. Excel’s macro recorder facilitates the creation and implementation of automated subroutines. In Excel, macros can be event-driven or assigned to both embedded form boxes as well as ActiveX controls. 

The flowchart on the following page shows the data sourcing, generating and treatment process for the data strings used in the thesis.
[image: image1.emf]Analysis

Data 

Pool

Financial Database 

Providers

Risk Simulation

Risk Simulation

@Risk

Hedge Fund 

Database Providers

Statistical Processing 

Software


Figure 1: Data Retrieval and Treatment

7. Composition of final draft and reference managers

Mirosoft Word is used as a word processor for the writing and editing of the research articles and final draft of the thesis. For selected projects, the OpenOffice word processing software allows for the use of cascading style sheets (CSS) to define the layout of documents without the inherent restrictions of Microsoft Word (download available at: http://www.openoffice.org). Similarly to the Linux Operating systems, OpenOffice is an open-source software collaboration of developers around the globe providing users with a free office platform to be used as an alternative to Microsoft Office. Using JavaScript or Basic, experienced programmers may manipulate the source code to their specifications creating a custom-made office version for their purposes. Thanks to software developers and programmers from all over the world 

OpenOffice is continuously improving and offers new downloadable templates on a daily basis.

For longer articles and dissertations, professional referencing management tools are used. Some of the more prominent reference managers include Endnote, RefMan and ProCite, available online at reasonable prices. Based on the Bibtex tool, Jabref and Citavi include two free-ware managers that can be downloaded from their mirror sites (http://jabref.sourceforge.net and http://www.citavi.com/en). The former works particularly well in conjunction with OpenOffice while Citavi includes a publication assistant designed for Mircrosoft Word. Reference managers allow researchers to administer their bibliographic resources effectively. The majority of reference managers include the following features:

· Storing relevant information such as keywords, abstracts, file locations, availabilities and library references.

· Citation editor to adapt citation styles to the requirements of research institutions and journal publications.

· Reference checker comparing project entries with online forums such as Web of Science: Science Citation Index.

· Publication assistant to manage footnotes, in-text references to authors and publications and bibliographies.

· Creation of list of sources and bibliographies from tags in the document.

· Picker to identify and import online sources via the Internet Explorer.

Experienced Microsoft Office users can manage their sources via Access using relational databases and running their queries via SQL. Most reference managers, however, are fully compatible with Microsoft Office and don’t require the use of Mircosoft Access.
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� On testing time series for normality refer to Bera and Jarque (1981); on testing for serial correlation to Wald (1943), Durbin and Watson (1950, 1951), Box and Pierce (1970) and Ljung and Box (1978); on testing for non-stationarity to Dickey and Fuller (1979); for goodness of fit tests to Akaike (1974.), Hannan and Quinn (1979) and Schwartz (1997).


� �HYPERLINK "http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html"�http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html�. For more information on Fama-Fench and momentum factors as well as portfolio composition refer to Fama and French (1992) and Carhart (1997)


� See for example Geltner (1991).


� It is common practice to implement a many-to-many relationship via a junction table and two one-to-many relationships.





15

