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Category A: Actual Technology Pull Projects  
 

Research done in response to a requirement from a client in industry 



Title: Comparison of parametric and non-parametric methods for creating VolSurfaces in 
illiquid markets 

UP Research Project A1  

(in response to project “Efficient, practical methods for pricing and risk-managing derivatives in dynamic markets”; 
Client: Emilyn Flint; UP: Eben Marè) 

 
Objective:  
Estimating volatility surfaces accurately is critically important for any derivatives market participant, whether it be for 
direct pricing and delta-hedging or more generally for efficient portfolio hedging and risk management. In this 
research, we consider the problem of estimating volatility surfaces in illiquid single stock option (SSO) markets. 
Despite their illiquidity, such an SSO market still generally trades on non- constant volatility surfaces, even if these are 
neither observable nor readily available. Four alternative methods for creating dynamic volatility surfaces are 
proposed for such circumstances.   
These four methods are: 
1) Dupire’s break-even volatility; 
2) Stutzer’s (1996) canonical valuation; 
3) Bakshi, Kapadia & Madan’s (2003) method of initially modelling the unknown implied SSO distribution moments 

respectively as a function of an existing implied index distribution and subsequently backing out SSO volatility 
surfaces.  

4) A direct calibration process of the Gatheral’s (2004) stochastic volatility inspired deterministic model. 
 

Progress: 
1) Article in preparation (E Maré and E Flint). 
 
Status: In process 
 
 
 



Title: Pricing variable annuity guarantees in South Africa 

UP Research Project A2  

(in response to project “Embedded Derivatives”; Client: Alvin Ngugi; UP: Rodwell Kufakunesu and Eben Marè) 
 
Objective:  
Consider the pricing of variable annuity embedded derivatives using different models for the equity component – 
typically the FTSE/JSE All share Index.  This includes consideration of different models and hedging techniques.  
 
Progress: 
1) Article published (AM Ngugi, E Maré, R Kufakunesu, South African Actuarial Journal); 
2) Several postgraduate students are currently working on aspects of this research question. 
 
Status: In process 
 
 
 



Title: Managing inflation-linked embedded derivatives 

UP Research Project A3  

(in response to project “Embedded Derivatives”; Client: Alvin Ngugi; UP: Eben Marè and Alvin Ngugi) 
 
Objective:  
 Investigating inflation-sensitive embedded derivatives from the perspective of modelling and hedging. The research 
 involves: 
1) Establishing a parsimonious inflation-linked model with due cognizance of inflation risk premia; 
2) Investigating Tail risks from hyper-inflationary periods. 
 
Progress: 
1) Article in preparation (AM Ngugi and E Maré). 
 
Status: In process 
 
 
 



Title: Macro-Economic Stress Testing for Operational Risk 

UP Research Project A4  

(in response to project “Practical approaches to perform Macro-Economic Stress Testing for Operational Risk”; 
Client: L Haasbroek ; UP: Eben Marè and Leon Sanderson). 

 
 
Objective:  
 Investigating the effects of certain macro-economic variables across regions or related countries.  The project 

includes: We will consider different macro-economic stresses: 
1) Identifying early warning signals; 
2) Consideration of macro-economic stresses. 
 
Progress: 
1) Article submitted (E Maré and Leon Sanderson). 
 
Status: In process 
 
 
 



Category B: Potential Technology Pull Projects  
 

Research with an obvious and direct practical application, but without a specific  
client in industry 



UP Research Project B1 

(Supervisors: Rodwell Kufakunesu and Gusti van Zyl. MSc student: Innocent Mbona) 
Objective:  
1) To investigate a stock price model that recognizes the risk posed by technical trading and is 

consistent with fitted fat-tailed distributions when estimating the  probabilities of large losses. This 
model, developed by WT Shaw and M Schofield, was published in 2015.  We also aim to investigate 
implications for portfolio risk evaluation (including computation of risk measures) and South African 
market hedging.  
 

Progress: 
1) Student started MSc studies in February 2016. He can already reproduce several of the derivations 

in this  paper.  
 
Highlights: 
1) This model gives a (relatively simple) set of stochastic differential equations that produces in certain 

cases the Student-t distribution. No jumps (Lévy processes) need to be introduced, although that 
will of course give some further improvement.   

2) Whereas the probability of a “25-sigma or worse” event is essentially zero, in fact of the order of 
10^(-138) in the Black-Scholes model, it is much larger, of the order of 10^(-6), in a Student-t 
distribution with four degrees of freedom. Thus this model gives a far more realistic appreciation of 
the frequency of such risky events, which do occur in practice. 
 

Issue:  None. 

Title: A stock price model for technical trading and portfolio risk measurement  



UP Research Project B2 

 
 

(Conrad Beyers and Corlia van Heerden) 
 

Objective:  
Development of a dynamic model to evaluate the National Credit Regulator’s affordability assessment 
prescriptions in the light of uncertainty regarding customer income and consumption over term of a 
loan. This analysis, model and research report involves: 
1) Monte Carlo simulation of income and consumption streams of a given customer, based on 

assumptions (or fitted to a given data set). 
2) Determining maximum affordability levels that are consistent with a given probability of default. 
3) Evaluating the adequacy of adversity buffers in the light of various economic and other scenarios. 
4) Proposing alternative, albeit easily implementable, adversity buffer definitions that are more 

sensitive to important variables that may affect a customer’s affordability over the term of a loan. 
 

Progress: 
1) Article submitted in May 2016 (FJC Beyers and C van Heerden). 
 
Highlights: 
1) Highlighting and quantifying shortcomings of the current regulatory framework – both in terms of 

its static nature and an apparent absence of adversity buffers. 
 

Issue:  None. 

Title: Dynamic affordability assessment in the context of the  
South African National Credit Act 34 of 2005 



UP Research Project B3 

 
 

(Conrad Beyers, Shelley Nowosenetz and Alexander Zimper) 
 

Objective:  
Investigating banking regulation in Africa in a Basel II implementation context: 
1) Background and overview research on Banking regulations and its implementation in African 

countries; 
2) Understanding the Basel II regulatory framework, including a mathematical derivation of credit risk 

capital requirements from first principles; 
3) Investigating the assumptions underlying the Basel capital requirements and considering its 

applicability in the case of African countries; 
4) Understanding and applying KMV modelling for default probability estimation; 
5) Considering alternative approaches to calculate capital requirements – e.g. by incorporating country 

specific (systematic) factors; 
6) Evaluating alternative approaches to capital requirements. 

 
Progress: 
1) Article in preparation for submission in 2016 (FJC Beyers, S Nowosenetz and A Zimper). 
 

 

Title: Banking regulation in Africa: Applicability of Basel credit risk capital requirements 
and consideration of alternative approaches 



Category C: Technology Push Research Projects 
 

Basic research in support of directed research, as well as directed research with 
longer term practical applicability 



UP Research Project C1 

(Conrad Beyers, Gusti van Zyl and Nadine Walters) 
Objective: 
Understanding shock propagation and loss cascades in complex, interconnected banking ecosystems. 

This is a research programme that involves several collaborators, postgraduate students and 
projects, including: 

1) Network theory as applied in the case of weighted and directed graphs; 
2) Incorporating primary and secondary shocks in banking networks; 
3) Investigating properties of various network structures and its resilience to shocks; 
4) Considering asymptotic properties of certain random networks; 

 
Progress: 
1) Two articles in preparation (estimated submission in 2016 and 2017). 
2) MSc and PhD studies are underway on different aspects of the research question. 

 
Highlights: 
1) Model simulation programs were developed, providing insight into the behavior of different abstract 

banking network structures; 
2) “South-African-like” banking structures are being developed in order to assess approximate 

resilience of the South African banking systems; 
3) The effect of regulatory interventions, e.g. capital requirements and “breaking up large nodes” can 

be investigated, using network simulations. 
 
 
Issue:  Data about actual bank interconnections is not available and is estimated. 

Title: Systemic risk models – network structure and shock propagation  



UP Research Project C2 

(Joel Dabrowski, Conrad Beyers and Pieter de Villiers) 
Objective:  
For decades, the literature on banking crisis early-warning systems has been dominated by two methods, 
namely, the signal extraction and the logit model methods. However, these methods, do not model the 
dynamics of the systemic banking system. In this study, dynamic Bayesian networks are applied as 
systemic banking crisis early-warning systems. In particular, the hidden Markov model, the switching 
linear dynamic system and the naive Bayes switching linear dynamic system models are considered. 

 
Progress: 
1) Two articles submitted (JJ Dabrowski, FJC Beyers and JP de Villiers); 
 
Highlights: 
1) Results indicate that the dynamic Bayesian network models can provide precise early-warnings 

compared with the signal extraction and the logit methods; 
 

Issue:  None. 

Title: Systemic banking crisis early warning systems  



UP Research Project C3 

(Dr Rodwell Kufakunesu and Prof Fred Benth) 
Objective:  
1) To study weather derivative pricing and hedging. 
2) To derive the ‘Greeks’ for risk management when the payoff is not smooth by using the Malliavin 

calculus techniques. 
3)  To apply Monte Carlo techniques and apply the South African commodity data and use the 

international temperature indices. 
 

Progress: 
1) We have made good progress in this study and expect to send the results for publication by the end 

of the year. The theoretical aspects have been covered and now studying the implementation. 
 

Highlights: 
1) Most energy quanto contracts are tailor made than standardized. In its simplest form a quanto 

contract has a payoff function S: 
         S =(T_var- T_fix) x (E_var- E_fix), 
         where T_var is some variable temperature measure, T_fix is some fixed temperature measure, 
         E_Var and E_fix are variable and fixed energy price respectively.  
  2)  Entering into the above mentioned contract might be risky since the downside may potentially 
        become large. For hedging purposes one has to buy a quanto structure with optionality to eliminate 
        all downward risk. 
 
Issue:  None. 

Title: Quanto commodity derivatives and hedging. 



UP Research Project C4 

 
 

(Supervisors: Dr Rodwell Kufakunesu and Prof Eben Mare’.  PhD student:  Ms Lesedi Mabitsela) 
 

Objective:  
1) To study Value at Risk in portfolios subjected under regime switching. 
2) To control risks in optimal portfolios and fulfill the requirements of regulators on market risk in 

emerging markets like South Africa. 
3) To analyse regularity of the derived stochastic models. 

 
Progress: 
1) Student started PhD studies in February 2016. She successfully finished her masters in 2015 and she 

published her research focused on the quantification of Value at Risk in the South African market in 
a peer reviewed journal in 2015. This year she has been studying necessary mathematical tools such 
as dynamic programming, stochastic optimal control, differential equations etc. Simultaneously, 
during the first part of this year she has been reading articles and has made some progress in the 
working paper entitled “Optimal Portfolios under Value at Risk constraints “ of which South African 
case study will be considered. 

 
Highlights: 
1) The optimal portfolio problem is formulated as a constrained maximization of the expected utility 

with Value at Risk constraint. 
2) The dynamic programming is applied to reduce the whole problem to solving the Hamiltonian-

Jacobi-Bellman equation. 
 

Issue:  None. 

Title: Value at Risk based Risk Management : Optimal policies 



UP Research Project C5 

(Supervisor: Dr Rodwell Kufakunesu.  PhD student:  Mr Calisto Guambe) 
 

Objective:  
1. To study optimal investment-consumption and life insurance in complete and incomplete model 

markets. 
2. To derive optimal investment portfolios done by a life insurer on behalf of a wage earner and 

identify risks involved. 
3. To study model risk in the use of the models used to solve the above mentioned problem. 

 
Progress: 
1) The student started his PHD February 2016 and is building on the problem he has started at MSc. So 

far progress has been made in this study. The student has submitted in May 2016 one article with 
the title : Optimal investment-consumption and life insurance with capital constraints. 
 

Highlights: 
1) We have studied the problem focusing on an optimal investment-consumption insurance with 

capital constraints, specifically the American capital guarantee (option based portfolio insurance 
(OBPI) method). We solved our problem in an incomplete market framework described by a jump-
diffusion model with stochastic volatility using the martingale approach. Generally, it is believed 
that markets are incomplete. Studying this problem in this framework will give more realistic results 
and hence improve the risk management of any Financial and /or Insurance Institution.  
 

Issue:  None. 

Title: Optimal investment-consumption and life insurance 


