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SUMMARY OF THE THESIS

Three essays in econometrics and energy markets.

The thesis is organized in three chapters and develops methods to analyze strategic behaviors in
liberalized electricity markets, notably through the development of econometric methods adapted to functional
data. It is articulated around the main research question: How the market structure and sources of uncertainties
affect the behavior of producers in liberalized electricity markets?

Electricity markets are administered as auctions of divisible goods where participants submit entire supply
functions to signal their marginal cost of production. The strategies in those auctions are functions by design,
and thus require to be treated as such in the economic and econometric analyses.

(1) Residual demand manipulations and market power in electricity markets

Abstract: In this paper, we study the interactions of residual demand manipulations and supply
function strategies in capacity-constrained electricity markets with a pivotal supplier. We focus on market
manipulations pertaining to physical withholding of some production capacity subject to fixed price
contracts. We characterize the effects of uncertainty on the optimal bidding strategy, and prove that ex-post
optimality fails in the presence of a market price cap and a pivotal supplier. We show how residual demand
manipulations exacerbate the exercise of market power. Finally, we discuss various extensions and
implications, notably with regards to the regulation of intermittent renewable power.

This first chapter develops a theoretical microeconomic model to understand the strategies of market
manipulation in electricity markets and their relations to sources of uncertainties. It is found that certain types
of contracts, initially used to maintain prices at competitive levels, generate perverse incentives for producers
to simulate unexpected outages in order to increase the probability of high prices, and to reduce the uncertainty
surrounding wholesale prices.

(2) Functional linear regression with functional response

Abstract: In this paper, we develop new estimation results for functional regressions where both the
regressor Z(t) and the response Y(t) are functions of Hilbert spaces, indexed by the time or a spatial
location. The model can be thought as a generalization of the multivariate regression where the regression
coefficient is now an unknown operator [I. We propose to estimate the operator I[1 by Tikhonov
regularization, which amounts to apply a penalty on the L2 norm of I1. We derive the rate of convergence
of the mean-square error, the asymptotic distribution of the estimator, and develop tests onIl. As
trajectories are often not fully observed, we consider the scenario where the data become more and more
frequent (infill asymptotics). We also address the case where Z is endogenous and instrumental variables
are used to estimate I1. An application to the electricity consumption completes the paper.

This second chapter develops a theoretical framework of econometric analysis adapted to functional data.
Functional data consist in observations of curves, or functions, and are statistical objects more complex than
the usual scalar observations. The developed estimator is extended to the case where predictors are
endogenous. The consistency and asymptotic normality are proven analytically. The method is then tested
numerically using simulations, and an application is presented to forecasting electricity consumption in Ontario
using hourly weather data.

(3) Functional econometrics of multi-unit auctions: an application to the New York electricity market

Abstract: This paper proposes a novel approach to the empirical analysis of multi-unit auctions, to
which participants submit supply or demand functions observable by the econometrician. The approach
avoids having to model the market mechanism and allows for the evaluation of firm-level market power in
a private information setting. This is of practical importance because those auction mechanisms are hard to
model, especially in electricity markets. In addition, it is important to allow for private information since
firms usually hold financial contracts and do not observe their rivals' bids. The method relies on
econometric methods that treat the observed bid functions as function-valued random elements. This is the
first paper to propose a functional econometric approach in this context. Notably, I develop a functional
instrumental variable linear estimator for that purpose. The method is applied to a model of strategic
bidding in multi-unit auctions using data on firm-level bids and marginal costs from the New York day-
ahead electricity market for 2013-2015. I estimate firm-level market power and compare actual bidding
behavior to profit-maximizing behavior under private information. I find consistent evidence of strategic
bidding, suggesting that firms are well aware of their own market power. Therefore, the complex market



environment and limited available information with regards to rival bids do not preclude firms from acting
strategically, most likely due to the repeated nature of these auctions.

This final chapter consists in two parts. First, a method is developed to estimate the market power of firms on
that type of markets. An empirical analysis of the New York electricity market is then conducted. The model
developed in chapter 1 is adapted to a structural econometric model, and the tools from chapter 2 are adapted to
study the behavior of firms and their dependence to market fundamentals. The New York market is a canonical
example of a market that is relatively difficult to model explicitly, and, where firms cannot observe their rivals’
behavior. The proposed method permits to evaluate market power while avoiding this difficulty, but without
neglecting the existence of private information. It is found that firms accurately evaluate their ability to affect
the market-clearing price distribution, and exert market power accordingly. The uncertainty surrounding this
market and the regulatory rules preventing firms to observe their competitors’ strategies are not sufficient to
prevent strategic behavior.

This thesis delivers an understanding of the issues associated with the exercise of market power in electricity
markets. The functional econometric methods permit to shed light on the strategic behavior of producers in
markets that are notably difficult to model explicitly. The application of these methods goes beyond energy
markets. Finally, the results of this research are of direct empirical significance to the province of Quebec
because they focus on two of its principal trade partners in energy goods. This research should hence contribute
to guide Quebec trade and energy policies with regards to the north-eastern electricity market.



