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Introduction

▪ Traditional Markowitz optimization starts by finding a set
of efficient portfolios in mean-variance space, i.e. the
Efficient Frontier.

▪ The optimal portfolio is selected based on an investor’s risk
appetite, usually quantified with utility curves, which is not
always feasible.

▪ This work proposes a new approach which incorporates
ruin-based outcomes into the Markowitz framework,
without making any utility assumptions.

▪ Our model uses copula simulations to estimate the
probability of an efficient portfolio falling below a ruin
level.

▪ We define the optimal portfolio as the one which
minimizes the probability of ruin, from those that are
Markowitz efficient.



Simulation Preliminaries

▪ The first step of our model is to find the
best parametric distribution for an asset’s
returns using various Python libraries.

▪ Once every asset’s distribution was
identified, these marginals were fit into
different copulas, to model non-linear
dependence structures between assets.

▪ For the three baskets modelled, the best
copula was the Student t copula, which
has both upper and lower tail
dependence.



Simulating a fund’s development (𝑭𝒕)

▪ The copulas were used to simulate daily asset return trajectories for one trading
year (252 days). These trajectories were then multiplied to weights of a specific
portfolio, in order to simulate the development of a fund (𝐹𝑡), where t is
measured discreetly in days.

▪ For example, the fund value at 𝑡 = 1 for the first portfolio is given by:

𝐹1 = 𝐹0 × (1 + 𝑤11 × ǁ𝑟𝑥1|𝑡=1 + 𝑤12 × ǁ𝑟𝑥2|𝑡=1 + … 𝑤1𝑛 × ǁ𝑟𝑥𝑛|𝑡=1 )

where 𝑟𝑥1|𝑡=1represents a simulated return trajectory at 𝑡 = 1 for asset 1; 𝑤11 is the weight

for asset 1 in portfolio 1; 𝐹0 is the initial fund value, set at 1,000,000 for all simulations.



Programming a ruin outcome 

▪ Every iteration was programmed to break if 𝐹𝑡 fell below a ruin level (𝛽). This ruin
outcome for a portfolio (𝑝𝑖) will be the random variable 𝑇𝑝𝑖, given by:

for 𝑡 = 1, 2, 3… and 0 < 𝛽 < 1. In this sense, 𝛽 is a predetermined constant, set at 0.70
for the baseline model. Thus, 𝑇𝑝𝑖 takes the value of 1 for the first time the fund falls

below 70% of its value. This outcome variable only represents one iteration.

▪ The estimated ruin probability of a portfolio for 𝑁 iterations will be denoted ෨𝜓𝑝𝑖 :

෨𝜓𝑝𝑖=
σ𝑗=1
𝑁 𝑇𝑝𝑖 |𝑛=𝑗

𝑁
where 𝑗 = 1,2,3,… and represents the iteration from where 𝑇𝑝𝑖 is evaluated



Finding the min-ruin portfolio 

▪ We will define the optimal portfolio as
the one with the lowest estimated
probability of ruin.

▪ The portfolios tested include 100
portfolios located along the Efficient
Frontier of a given asset basket. The
optimization to find them was performed
in Python.

▪ Two classic Markowitz portfolios will be
highlighted in the results, the min-
variance portfolio and the maximum
Sharpe ratio.



Finding the min-ruin portfolio cont.

▪ Additionally, the Hierarchical Risk Parity
(HRP), developed by López de Prado
(2016), was included for analysis. This
optimization method uses tree clusters to
reorganize the covariance matrix of
returns and find portfolio weights.

▪ Furthermore, a “naïve” portfolio of equal
weights was also included in the
simulations to test the findings of
Gonçalves & Bressan (2010) .

▪ All of these portfolios were modelled for
three different asset baskets.



Results for asset basket 1

▪ The first asset basket
included 5 stocks from the
United States. The figure
to the right illustrates the
Efficient Frontier for this
basket, along with the
location on the mean-
variance space for the key
portfolios, including the
min-ruin portfolio .



Ruin probabilities and weights for asset basket 1 



Results for asset basket 2



Results for asset basket 3



Parametric adjustments to the model

a) Changing the ruin level (β) b) Using different copulas in the simulation



Conclusions

▪ Ruin probabilities are an alternative for optimizing portfolios without making 
any utility function assumptions. 

▪ There seems to be low ruin probabilities for an interval of expected returns.

▪ The results suggest higher expected portfolio returns do not necessarily mean 
higher ruin probabilities. 

▪ Additionally, none of the min-ruin portfolios had the lowest expected variance, 
showing the ruin probability can be used as a more intuitive risk measure than 
the expected portfolio sigma.

▪ Results showed sensitivity to the types of assets used and the predetermined 
ruin levels.  


