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v The Value-at-Risk for a given time horizon t and confidence 

level α is the loss in market value over the time horizon t
that is exceeded with probability P. 

v P(rt ≤ VaRα,t) = 1-α
v For instance, in case of a daily VaR and a confidence level 

99% (i.e. t = 1, a = 0.99 ) for an examined period of 1000 

days, a valid VaR model should produce :

v No more than 10 exceedances

v No clusters of exceedances

VaR Calculation
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v Portfolio returns and their distribution should be theoretically 
defined prior to VaR estimation. 

v Most of the parametric models are simple in terms of 
implementation assuming Gaussian or Student-t distribution.
However, the above distributions do not apply to the most of the 
financial time-series. 

v Some well-known methods of the parametric category are the 
Variance-Covariance Method (VC) and many GARCH-variants 
Methods, such as the Risk Metrics model. 

v For example, when VC Method is applied assuming Gaussian 
distribution, the VaR can be easily obtained using the below 
equation, provided that the variance-covariance matrix Σ of 
returns has been calculated.

VaR Calculation: Parametric Method
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v Assumptions regarding the distribution of returns are not 
required. 

v The main advantage of this type of method is the low 
computational complexity. However, this method fails to capture 
unseen fluctuations that are not present in the utilized history-
window

v The Historical Simulation (HS) is the main representative of this 
method, where the empirical distribution of past portfolio 
returns is used to calculate VaR. The VaR can be easily obtained 
for a given history-window by taking the required quantile of the 
empirical distribution . 

VaR Calculation: Non-Parametric Method
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v Some assumptions regarding the distribution of returns are 
made either for  the "error" distribution or for the extremes of 
the distribution or for the model dynamics. 

v The Monte Carlo Method is the main semi-parametric method 
which generates random scenarios for future portfolio returns, 
drawing their distribution based on some non-linear pricing 
models. MC is more reliable when dealing with complex 
portfolios and complicated risk factors. MC core assumption is 
that the risk factor has a known probability distribution i.e. that 
market factors follow certain stochastic processes which are 
used to estimate future returns. 

v VaR at the target confidence level α (i.e. 99%) is derived by 
taking the 1-α (i.e. 0.01) quantile of the generated distribution. 

VaR Calculation: Semi-Parametric Method
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The major challenges that most of the existing VaR methods cannot 
address are:
v Severe VaR violations, where the portfolio realized a loss 

exceeding the VaR value when high market downturns occur, due 
to dependency between the VaR predictions, especially for 99% 
confidence level.

v High excess loss, beyond the VaR threshold, when high market 
downturns occur, due to the fat tails of the financial time-series 
distribution and the leverage effect.

v The opportunity cost of capital, where firms would unnecessarily 
reserve according to the VaR estimates of their portfolios rarely is 
taken into account.

Shortcomings of established VaR models
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v Our model based on the DeepAR algorithm1, which utilizes RNNs 
to produce probabilistic forecasts in the form of Monte Carlo 
samples that can be used to compute consistent quantile 
estimates in a certain prediction horizon.

v This algorithm can be fed simultaneously with several similar time 
series, enabling cross-learning between them. 

v Those features make DeepAR an ideal candidate model to predict 
VaR of FX portfolios, where the individual time series share similar 
dependencies and the overall goal is to draw the portfolio’s 
returns distribution. 

1. D. Salinas, V. Flunkert, J. Gasthaus, and T. Januschowski, Deepar: Probabilistic forecasting with autoregressive recurrent networks,” International Journal of Forecasting, vol. 36, no. 3, pp. 
1181–1191, 2020.

VaR Estimation leveraging ML/DL (1/2)
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VaR Estimation leveraging ML/DL (2/2)
v DeepAR models the conditional  distribution P(zi,t0:T|zi,1:t0-1) of the time series zi for future 

time-step from t0 to T given the past values of the zi from time-step 1 to t0-1. It is assumed 
that the model distribution Q(zi;t0:T |zi;1:t0-1) consists of a product of likelihood factors.

v Several samples can be easily generated from the estimated returns distribution, in a MC 
fashion. Then VaR can be easily obtained.
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v Hit Variable  (It):

v Expected Violations (E[v]) :

v Violation Rate:

v Quadratic Loss (lQL):

v Smooth Loss (lQ):

v Tick Loss (lT ):

v Firm Loss (lF ):

Back-testing / Evaluation Metrics (1\2)
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VaR forecasts are valid if and only if the violation process It satisfies 
the following two assumptions:
v The unconditional coverage (UC) hypothesis: the unconditional 

probability of a violation must be equal to the α coverage rate.
v The independence (IND) hypothesis: VaR violations observed at 

two different dates must be independently distributed.
Validity of these assumptions was tested by exploiting both the 
Christoffersen’s conditional coverage test and the Dynamic Quantile 
(DQ) test proposed by Engle and Manganelli (2004) .

Back-testing / Evaluation Metrics (2\2)
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Univariate Analysis (1/4) - AUDUSD 
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Univariate Analysis (2/4) - GBPUSD
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Univariate Analysis (3/4) - USDJPY
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Univariate Analysis (4/4) - EURUSD



16This project has received funding from the European Union’s horizon 2020 research and innovation programme under grant agreement no 856632

Flagship initiative for Big Data in Finance and Insurance

v Model performance was tested in 1000 random portfolios. These 
portfolios were created randomly by producing both positive and 
negative positions on the aforementioned FX assets.

v To compute the VaR of a portfolio, the correlation among the FX 
instruments should be taken into account. In this case, the VaR of 
a portfolio for a given day can be estimated by:

Multivariate Analysis (1/2)
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Multivariate Analysis (2/2)
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Infinitech Architecture (1/2)
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Infinitech Architecture (2/2)
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v Improve the efficiency of the proposed DeepVaR approach 
in terms of high frequency trading. 
v Required time for model training should be optimized.

v Other sources of complementary information could be 
integrated for improved results, such as sentiment analysis 
of tweets and news.

Next steps
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Thank you!


