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o Intraday Stock Market Forecasting via Functional Time Series, 2019 (Job Market Paper). 
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SUMMARY OF THE THESIS 

 

Three essays in functional econometrics and financial markets.  

The thesis delivers an understanding of the question concerning the consideration of a functional data 

analysis framework in order to develop statistical inference and econometric analysis in the context of in-sample 

prediction and out-of-sample forecasting in the financial market. Functional data analysis is a statistical field 

where the observations are curves and not scalars as usually observed in the traditional financial econometrics. 

Therefore, very dense data are used to construct functions observed at equal intervals. With the high frequency 
data becoming more available, this thesis shows how to take advantage of this information to construct 

functional objects for estimation and forecasting. Manipulation of these objects contribute to discover new 

patterns in terms of functions or surface estimations and curve forecasting. More generally, functional data 

analysis offers an improved description of traditional model and help to provide a functional version of 

traditional tools and other analysis objects relative to traditional models. Moreover, it contributes to improve 

prediction performance. 

 

(1) Intraday stock market forecasting via functional time series (Job Market Paper) 

Abstract: This paper considers the intraday S&P500 price values at the 1-minute frequency are used to 

construct a collection of curves observed sequentially on a daily basis and an autoregressive model is deployed 

to forecast one-day-ahead market return curve using the functional data analysis (FDA). In contrast to the 
standard AR model where each observation is a scalar, each daily return curve is considered as one observation. 

This approach is practically important because it exploit the potential of high frequency data to improve the 

forecast. This model estimation lead to an ill-posed inverse problem and a comparative analysis of 4 dimensions 

reduction methods is conducted including the Functional Tikhonov method (FT), the Functional Landweber 

Fridman technique (FLF), the Functional spectral-cut off (FSC), the Functional Partial Least Squares (FPLS). 

The convergence rate, asymptotic distribution and model selection strategy are derived for the proposed 

methods. The relevance of theoretical results is supported by Monte Carlo simulations and empirical analysis 

show the performance of the proposed methods. Moreover, empirical application show that FPLS method 

document a remarkable out-of-sample R2 of 8% especially in the periods 09:30 AM - 10:30 AM and 02:30 PM - 

04:00 PM within a day, that is almost 4 times the one obtained by preceding papers and this is due to its 

nonlinearity. Market participants can use this model estimation approach to tactically adjust their market timing 
strategy.  

 

 

(2) Theoretical comparison of functional principal component and functional partial least squares 

Abstract: In this paper we consider a functional regression model where the predictor variable is a 

function and the target variable is a scalar. The main interest is to compare the Functional Principal Component 

Analysis (FPCA) and Functional Partial Least Squares (FPLS) techniques based. We derive the convergence rate 

of the conditional Mean Squared Prediction Error (MSPE) for both the estimation methods. We find that the 

regularization bias of the FPLS method is usually smaller than the one of the FPCA approach, while the 

estimation error with the FPLS approach is usually larger than the one of FPCA and may explode. Under some 

smoothness conditions of the predictor variable and the slope function, both the estimation methods reach the 

optimal convergence rate and in other situations the FPLS tend to outperform the FPCA in terms of prediction. 

Some Monte Carlo simulation and an empirical evidence on the momentum strategy for Apple stock price in the 

equity market are provided to evaluate the theoretical results. 

 

 

 (3) Interpretable risk neutral density estimation with a functional linear model 

  Abstract: Estimating the Risk neutral density (RND) has been an important topic of the financial 

market. This tool is useful for options pricing and to analyze the market risk sentiment. This paper consider that 

the RND is observed as a curve that takes its values in a very fine grid. We propose a functional regression 

model and a constrained Tikhonov regularization method approach is used to estimate the RND in order to 

overcome the high dimensionality issues. This approach has the advantage to take into account the functional 

feature of the RND and of future gain of derivatives. Another advantage is that the proposed method ensures the 

positivity of the RND and it makes possible to provide asymptotic results that is an advantage to produce the 

confidence set of the estimators. We provide consistency and asymptotic normality results of the estimator. For 

the application we compare our method with the competitive one in terms of estimation purpose and predictive 

power. 

 
 


