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General introduction

Marchés des matières premières Au cours de la période 2006-2008, la plupart des prix des produits agricoles se caractérisent par une forte volatilité accompagnée d'une hausse historique. Ainsi, les prix des principaux produits ont augmenté de façon spectaculaire entre 2006 et 2007, atteignant des pics extrêmes à la fin de l'année 2007 et le début 2008 pour connaître ensuite une période d'accalmie à partir de mi-2008. Puis, mi-2010, de nouveau, une phase de fortes hausses des prix est intervenue. La hausse des prix a provoqué des problèmes sociaux, surtout auprès des pays les moins développés consommateurs de produits alimentaires. Les prix élevés forcent les populations les plus vulnérables à réduire leur consommation, entrainant ainsi une crise alimentaire. Les décisions de production ne peuvent pas être basées sur les évolutions des prix, ce qui cause une allocation des ressources inefficaces. Par ailleurs, l'impact négatif concernant l'excès de la volatilité implique souvent l'incertitude des prix qu'elle provoque. Puis, l'excès de volatilité déstabilise le marché des matières premières, qui peut provoquer un risque systémique étant donné que les marchés des matières premières sont liés avec les autres marchés financiers tels que les marchés des actions et des obligations. Une partie de cette variation des prix est liée aux caractéristiques spécifiques des matières premières agricoles. En effet, ces produits sont fortement dépendants des conditions naturelles, telles que la météo, le climat mais aussi les parasites qui peuvent décimer les cultures. En outre, l'élasticité-prix de la demande est relativement faible. Après un choc d'offre, les prix vont varier fortement afin de rétablir un nouvel équilibre. Pour ce dernier, le niveau de stockage joue un rôle important. En 2007, le stockage des produits de céréales atteint un niveau historiquement bas au plan mondial, ce qui est considéré comme l'une des raisons de la hausse des prix de ces produits sur la période. Un ensemble de facteurs complexes issus de la modification de l'environnent économique et des marchés des matières premières, a entrainé une crise sur la période de 2006 à 2008 et sur les marchés des matières premières. L'environnement macroéconomique aux Etats-Unis s'est caractérisé par un niveau faible de taux d'intérêt et par une politique monétaire expansionniste. La hausse des prix de l'énergie et de la dépréciation du dollar font grimper les prix des produits agricoles. Par conséquent, certains (ex : Frankel 2008) soulignent que les matières premières deviennent l'un des investissements alternatifs pour les gestionnaires de portefeuille, ce qui fait augmenter les prix. De plus, la hausse de la demande en provenance des pays émergents (la Chine, l'Inde par exemple), contribue à la hausse de prix au début 2006.
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Part I General introduction 8 Néanmoins, ces deux facteurs expliquent difficilement l'accélération extrême de hausse de prix et de volatilité. La spéculation sur les marchés dérivés des matières premières est le plus souvent citée comme une explication de la flambée des prix à court terme. Ce facteur est lié au thème « financialization » des marchés des matières premières. La « financialization » sur ces marchés est décrite par le phénomène de co-variation entre prix des matières premières et des actifs financiers (ex : actions et obligations). L'investissement sur les matières premières permet de diversifier le portefeuille afin de réduire le risque global. Dans ce contexte, de nouveaux produits dérivés des matières premières, en particulier les fonds indiciels, contribuent à l'essor rapide et important dans le marché des commodités. Cela va causer un risque systémique et une menace pour la stabilité du système financier en vue de la dépendance entre les acteurs du marché et les produits de différents marchés financiers. L'analyse des facteurs individuels ne peut pas fournir une explication convaincante de l'évolution des prix. Il y a encore un désaccord sur les facteurs qui se cachent derrière la crise entre 2006 et 2008 sur les marchés des matières premières.

La réponse des régulateurs

Face à la flambée des prix, à la volatilité et à l'instabilité des marchés, les régulateurs vont organiser des réponses portant d'une part sur la politique de stockage du marché physique et d'autre part, sur la contrainte des opérations de dérivés sur le marché financier. Plusieurs approches ont été proposées après l'épisode 2006-2008 avec un accent particulier sur les pics et volatilité des prix.

Marché physique : renforcer la transparence des informations Dans le contexte des interventions sur le marché physique, la politique de stockage et la politique commerciale internationale sont deux outils principaux. La politique agricole commune (PAC) dans l'Union Européenne existe depuis 1960 pour la stabilisation des marchés agricoles. Son objectif consiste à améliorer la productivité agricole et à protéger les bénéfices des pays membres contre des chocs externes issus du commerce international, souvent à travers des subventions. Les règlements de la PAC en 2014 se concentrent sur le bon fonctionnement des systèmes de stockage privé 1 . La transparence de l'information est l'autre volet de la régulation du marché physique. A ce titre, le thème du Système d'information sur le marché des produits agricoles (AMIS) a été proposé lors du sommet du G20 2011, dans le but de recueillir des données du marché des produits agricoles et de contribuer à la transparence du marché. Dans l'attente de sa mise en place, il est également important de gérer et d'atténuer les risques pour les acteurs de ces marchés physiques qui ont le moins de connaissance en terme de finance. C'est pourquoi notre étude sur le marché physique se centre sur la gestion des risques au sein des coopératives agricoles, acteurs les plus exposés de ce point de vue.

Marché financier des matières premières: Superviser et contrôler l'impact des activités spéculatives Une autre réponse face à la complexité des marchés des matières premières est l'intervention sur les marchés financiers des dérivés. Le dispositif clé des régulateurs repose sur la surveillance des activités de ces marchés afin de vérifier qu'ils assurent correctement leurs fonctions de couverture des risques et de formation des prix. Aux Etats-Unis, CFTC (Commodity Futures Trading Commission) est un régulateur spécifique sur les marchés américains des futures et options qui possède une longue expérience dans la lutte contre les manipulations sur ces marchés. Dans leurs réponses et moyens d'actions, peuvent être cités en exemple : les limites de position (limiter le nombre de contrats ouverts détenus par opérateurs) ; la publication des rapports des activités des traders (CFTC publie régulièrement la situation des marchés et la répartition des positions de contrats parmi les différents acteurs du marché). Depuis 2008, les reformes de Dodd-Frank Act et Consumer Protection Act consistent à renforcer la surveillance des marchés. Cette fois-ci, CFTC propose quelques politiques concernant les swaps qui sont des produits de gré-à-gré. La surveillance des activités des traders se fait à travers le rapport de COT (Commitments of Traders) qui inclut une nouvelle catégorie d'opérations, celles des investisseurs indiciels. Au niveau européen, la révision de la directive MiFID (Directive marché d'instruments financiers), démarrée depuis 2012, contient des réglementations qui concernent les marchés financiers. Et pour la première fois, les marchés dérivés des matières premières apparaissent dans la directive. L'enjeu de MiFID est d'assurer l'intégrité et le fonctionnement des marchés des matières premières pour la couverture de prix et la formation des prix qui sont souvent la référence pour les produits physiques. De plus, les autres décisions régulatrices liées aux marchés des matières premières contiennent la révision de Market Abuse Directive pour la transparence des opérations ; la révision de UCITS (Undertakings for the collective investment in transferable securities) pour les produits indiciels des commodités ; et la réforme d'évaluation des risques pour les banques qui tient compte des activités des matières premières. Par ailleurs, les institutions internationales ont aussi publié des rapports sur la régulation des marchés des matières premières (par ex. : IOSCO, OECD etc..). Néanmoins, les activités de ces institutions internationales se limitent aux recherches. L'application des politiques régulatrices et coopération internationale sont encore limitées.

Problématiques et structure de thèse

Les sujets portant sur la régulation des matières premières sont larges. Suite à la discussion relative à la situation et à la régulation des marchés des matières premières, cette thèse va se structurer en deux parties, le marché physique et le marché financier des matières premières agricoles et prendre trois thèmes intéressants à étudier. (i) D'une part, si les interventions sur les marchés des matières premières sont limitées, une autre option toujours ouverte est de tenter d'atténuer les impacts négatifs des comportements extrêmes des prix. Ce thème fait le point sur la gestion efficace des risques. (ii) D'autre part, à ce jour, aucun consensus n'a pu être trouvé concernant l'impact des nouveaux produits dérivés (ex : fonds indiciels). Cette question peut en fait être abordée directement dans l'impact des fonds indiciels sur le stockage des matières premières. (iii) Enfin, parmi les régulateurs sur les marchés des matières premières, le rôle des banques centrales est souvent ignoré. Pourtant, elles peuvent aussi être un régulateur efficace sur ces marchés. S'appuyant sur ces trois points de départ, cette thèse se structure comme suit.

La partie I est composée de deux chapitres qui se concentrent sur les marchés physiques et gestion des risques. Chapitre 1, Etude du comportement des prix du blé, est une étude de départ qui aide à comprendre les caractéristiques des prix des produits agricoles. L'attention est portée sur les sauts extrêmes des séries des prix physiques de 2006-2014. Pour cela, un modèle stochastique de Double sauts exponentiel (Kou 2002) est appliqué. L'intérêt de ce modèle est de nous permettre de constater les comportements de sauts et de la volatilité du blé. Les résultats justifient l'évidence de sauts fréquents pour l'épisode 2007-2008 et 2010-2011. Une volatilité forte des prix est observée lors de la crise financière et lors de période comportant un choc climatique. Ce chapitre sur le comportement des prix donne une base d'étude pour le chapitre suivant relatif à la gestion de risques et prémisse à la recherche de régulation des marchés. Chapitre 2, Gestion des risques au sein des coopératives porte sur la prise en compte des variations extrêmes des prix sur la gestion de risques. L'indicateur de risque VaR (Value-at-Risk) est simulé avec un modèle traditionnel et un modèle de sauts. La comparaison de cet indicateur sur trois portefeuilles similaires des activités des coopératives donne la conclusion suivante : la prise en compte de sauts sur les mesures de risques peut effectivement améliorer la prévision des risques et éviter leur sous-estimation. La VaR avec prise en compte des valeurs extrêmes est un outil complémentaire dans la gestion des risques des coopératives et ne pose pas de problème de surcoût de réservation ou de provision. Cependant, la prévision de survenance des sauts doit être prudemment étudiée.

La partie II comprend deux chapitres relatifs aux financialization du marché des matières premières Chapitre 3, L'impact des fonds indiciels, analyse l'influence potentielle de fonds indiciels sur le marché des prix agricoles. Parmi les études sur le sujet, cette étude se tourne vers la relation directe entre fonds indiciels et stockage. Nous commençons par le débat entre [START_REF] Krugman | can have a persistent effect on oil prices, then, is if it leads to physical hoarding -an increase in private inventories of black gunk[END_REF] et [START_REF] Babusiaux | Speculation without oil stockpiling as a signature : a dyanmic perspective[END_REF]) concernant le rôle du stockage dans la relation entre spéculation et fonctionnement du marché. En vertu de régression de série temporaire, nous avons trouvé que l'impact de fonds indiciels sur le prix des matières premières est significatif à court terme mais l'impact sur le stockage n'est pas significatif. Cet impact n'a donc pas besoin de passer par le stockage à cause de l'inélasticité-prix offre et demande. Cette étude justifie la nécessité de régulation sur les produits indiciels des matières premières. Toutefois, le rôle des produits indiciels dans la volatilité extrême des prix physiques des matières premières reste limité. L'impact le plus important s'explique par les conditions fondamentales des marchés (climat, météo, . . . ). Chapitre 4, La réaction des marchés des matières premières aux annonces de la banque centrale, reprend la recherche de l'impact de l'environnent macro-économique sur les marchés des matières premières. L'étude met l'accent sur la réaction des indices sectoriels des matières premières sur les communications de la Réserve Fédérale. Nous avons prouvé que les prix des matières premières deviennent plus corrélés avec les activités de banque centrale. Et cette relation repose surtout sur le taux de change et l'inflation. De l'autre coté, nous avons montré que la banque centrale peut aussi jouer un rôle dans la régulation des matières premières et ses propositions de politiques monétaires doivent aussi tenir compte des conséquences sur les marchés des matières premières. Ce sont des propositions de régulation des matières premières basées sur la compréhension des marchés des matières premières qui constitue l'objet de cette thèse.

Part II

Commodity prices and risk management 2.1 Introduction

Since the 2000s, most commodities markets have been characterized by high volatility and upward drift. Although some commodities' prices decreased after 2008, the price level for these commodities remains high. A few studies focus on examining the features of evolution of different kinds of commodity prices. [START_REF] Askari | Oil prices dynamics (2002-2006[END_REF] discuss the dynamic of oil prices that are consistent with fundamentals of the markets and global economy. [START_REF] Trostle | Why another food commodity price spike[END_REF] reexamine the recent phenomenon of food commodity and summarize the factors explaining the price surge. The relation of demand and supply is the main explanation of commodity prices, according to most studies. The objective of this paper is to analyze the variation of agricultural commodity prices during the last several years, taking here wheat as the example, and to investigate the price jump in french wheat market in order to discuss its risk management application.

Wheat is one of the three main cereals for human food consumption. Production and prices of wheat have increased greatly with the increased demand from developing countries. The US Senate Permanent Subcommittee (2009) produced a report about the excess volatility in the wheat market. The report indicates there is significant evidence that financial investment is one of the major causes of 'unwarranted changes'. Considering the French market, production reached 36.3 million tons per year during the period 2003-2007, which is the fourth-highest rate of production in the EU. Besides the fundamental market factors, some opinions rely on the argument that this high volatility is due to the speculation in commodity derivatives markets. Recent commodity prices display a discontinuity evolution, which may be a reaction to an event or information, such as unpredictable weather disaster or behavior from financial market.

An understanding of the dynamics of price series is of great interest as this is a premise of market regulation, and risk management requires a further understanding of commodity spot prices modeling. The focus of this paper is to estimate a model which mimics the stochastic volatility, jumps and seasonality of agricultural commodities. With the parameters estimated, we expect to understand the reasons and the characteristics of agricultural prices. Parameters will be estimated by using different data sets (10 harvests in total). One harvest of wheat is from July of one year to June of the next year. Wheat in different harvests would be considered as different products, since the quality could be distinct. The price gap between two different harvests can be observed from the price difference between the last opening day in June and the first opening day in July next year (Figure 2.4 of the appendix). With the objective of identifying the jump, the application of Double-Exponential Jump model deals with the problem that commodity physical market is less liquid and probably have less frequent jumps than other financial markets. Comparing to other traditional jump models which usually suppose that jump size has normal distribution, this model is relevant to apply in discrete data. And Double-Exponential Jump model gives not only the information on jump size and frequency, but also the distinction of positive and negative jump, which is of interest in the studying of jump behaviour.

The results show that modeling the wheat spot prices using Double Exponential Jump method is flexible enough to allow to capture the special characteristics of wheat prices such as meanreversion, time-varying volatility and jump. The French wheat prices exhibit mean reversion, as most of the agricultural commodities and are volatile during several harvests. It is crucial for risk managers and policymakers to take the jump into account, since the jump term is significant according to the results.

The rest of the paper is organized as follows. In section 2, we give a summary of the characteristics of commodity prices and the related literature. In section 3, a stochastic model is developed to capture most of the features of agricultural commodities. In section 4, the data and some primary empirical analysis of the data will be introduced. In section 5, we analyze the behavior of wheat prices by describing the estimated parameters and comment on the results. Finally, section 6 gives the conclusions and applications.

The features of commodity prices and related works

A wide range of literature has developed time series models to simulate the commodity price dynamics. The time series models permit us to capture the accurate commodity price behavior such as skewness right, excess kurtosis and the volatility behavior. These features may be considered in the stochastic process, including mean reversion, time-varying volatility, discontinuity, etc.

It is stylized empirical evidence that agricultural and other commodity prices exhibit mean reversion especially in the competitive markets framework. Under the reaction between demand and supply, commodity prices increase in the case of shortage. As a response, consumers reduce their demand so that the prices revert to supply and demand balance. The Ornstein-Uhlenbeck model first discussed by Ornstein and [START_REF] Uhlenbeck | On the theory of the Brownian motion[END_REF] describes the mean-reversion feature. [START_REF] Bessembinder | Is there a term structure of futures volatilities? Reevaluting the Samuelson hypothesis[END_REF] point out that mean reversion is more likely to occur in agricultural commodity markets than other commodity market. Its application in commodity price modeling can be seen, for example, in Gibson and Schwartz (1990), [START_REF] Schwartz | The stochastic behavior of commodity prices: Implications for valuation and hedging[END_REF], [START_REF] Schwartz | Short-term variation and long-term dynamics in commodity prices[END_REF] and (Bernard et al.2008). They incorporate mean reversion in the drift term of the stochastic differential equation of spot prices.

Except at the prices level, volatility is another indicator which needs to be examined. A model without stochastic volatility could give biased estimates of the process (Crain et al. 2000). The volatility models, Autoregressive conditional heteroskedasticity (ARCH) by [START_REF] Robert | Autoregressive conditional heteroscedasticity with estimates of the variance of United Kingdom inflation[END_REF] and the Generalized Autoregressive conditional heteroskedasticity (GARCH) by [START_REF] Bollerslev | Periodic autoregressive conditional heteroscedasticity[END_REF] are the most widely used. ARCH and GARCH models capture the excess kurtosis in commodity price distribution, as the unconditional distribution may be not normal. [START_REF] Beck | Autoregressive conditional heteroscedasticity in commodity spot prices[END_REF] develops the GARCH model in the commodity market and surmises that a serially correlated price variance process exists only for storable commodities.

Concerning the distribution of price returns, empirical evidence indicates that price returns revealed excess kurtosis and are not normally distributed. The discontinuity of the price series (jumps/spikes)is one of the explanation of this phenomenon. Merton jump diffusion model [START_REF] Robert | Option pricing when underlying stock returns are discontinuous[END_REF]) used initially in the market is widely applied in finance, such as bonds and bond options [START_REF] Sanjiv Ranjan Das | Exact solutions for bond and option prices with systematic jump risk[END_REF][START_REF] Sanjiv | The surprise element: jumps in interest rate[END_REF] and commodity prices [START_REF] Hilliard | Valuation of commodity futures and options under stochastic convenience yields, interest rates and jump diffusion in the spot[END_REF]. Jumps in the price series may be the result of the unpredictable shock to the financial market or a stock-out in the commodity market. The traditional Jump-diffusion model uses the Poisson-Gaussian process: the continuous part of which is a Wiener process which measures the "normal" dynamic in prices due to relation between supply and demand; the jump component of which is a Poisson process and captures the non-continuous price dynamics. Other applications can be seen in Bernard et al. (2008Bernard et al. ( , 2007))and [START_REF] Askari | Oil prices dynamics (2002-2006[END_REF], etc. In contrast to the hypothesis of the Merton jump diffusion model, the double exponential jump model used in this paper assumes that the jump size follows a double exponential distribution, which indicates that the upward and downward jumps have independently exponential distribution. The model is proposed and applied in the option pricing by Kou (2002) and Ramezani and Zeng (1998). Some empirical works in the derivatives pricing models support that the double exponential diffusion model outperforms the normal jump diffusion model [START_REF] Ramezani | An empirical assessment of the Double Exponential Jump-Diffusion Process[END_REF]. Moreover, the jump size measures the price changes in response to outside news; Kou (2002) argues that the double exponential jump model captures the investors' behavior in the overreaction and under-reaction to outside news. Based on this result, this research applies and develops the model of Kou (2002) and Ramezani and Zeng (1998) on the modeling of wheat spot prices where it also includes the feature of timevarying volatility.

The wheat market and empirical analysis of prices The market

The data that is used is the prices of wheat delivered to Rouen. Rouen is one of the biggest ports as a delivery place for agricultural commodities for the physical market and for the financial derivatives market as well. A great part of French wheat production is used for exportation. France is a net-exporter country. The level of inventory in France was relatively stable from 2005 to 2012. More about production and commercial balance of wheat delivered to Rouen is given in figure 2.5 of the appendix.

By looking at the French wheat price series, it can be seen that the recent wheat market exhibits higher-level price and volatility. Figure 2.6 in the appendix gives the price series from 2004 to 2014. Prior to 2004, the wheat price is found at the lowest level, which corresponds to the recession in the USA. The prices swing up or down, but reverse to a mean level. The sharp price spikes during the period 2003-2004 occur due to the low amount of inventory, which is caused by unfavorable weather conditions. The prices attain a peak of 292 Euro/ton in mid-2007, and increase 100% compared to the price level in 2006. From January 2006 to April 2008, the price of wheat increase about 159%, and then decrease abruptly to the long-term level in the second semester of 2008. Meanwhile, the prices in the period of 2007/2008 become volatile compared to the previous harvest. The price changes between two business days may be 8 Euros intra-harvest, which is large in the physical market. The prices continue to fluctuate in the following two harvests, although the average return to the level of before the financial crisis in 2008. Another peak is in 2010/2011 and compared to the summit in 2007/2008, prices are also volatile and a higher price level is maintained in the next harvest of 2011/2012, when Russia banned the exportation of wheat due to an extremely dry climate, which produces a supply shock to the global wheat market. By also comparing between price series and the first-order difference series in figure 2.7, firstly, the first-order difference series show the existence of price jumps. First-order difference prices oscillate around zero, and some extreme price difference between two days can be observed. Secondly, the effect of "Volatility clustering" is found. The higher volatility period in Figure 2.7 coincides with the higher prices of Figure 2.6, which leads to a modeling with GARCH.

Primary empirical analysis

The price series properties are first analyzed in order to establish how to model the series. The daily spot prices of wheat delivered at Rouen from 2004 to 2014 are chosen, which incorporate high volatile period of 2007/2008 and the recent peak in 2011/2012. A few arrangements are made: Firstly, the data is divided by 10 harvests, from July to June the next year, as the paper intends to study the prices harvest by harvest and considers that wheat in different harvests are distinct products, although this approach leads to decrease the accuracy of parameter estimation in the small sample. Secondly, the physical market is less liquid than the financial market. The price may not change for several days. The days in which the price is the same as the previous day are deleted. Descriptive statistics for the log return (defined as the difference of log prices of two opening days) is given in Table 2.1. The return series are not normally distributed, as they have non-zero skewness and positive excess kurtosis. It is justified that modeling by a simple Brownian process is ineffective.

Two years after the financial crisis of 2008, the mean returns are negative. All the returns series display a 'fat tailed' characteristic, with positive excess kurtosis. This evidence motivates a jump model and it is important when examining the high frequency (daily) data (Wilmot & Mason, 2011). However, another explanation of leptokurtosis is time-varying volatility. For this reason, time-varying volatility will also be considered in the following, and the likelihood ratio test will be taken to examine the effect of time-varying volatility on the model fitting. From Figure 2.1, where monthly wheat prices are presented separately, the seasonality of wheat cannot be found in the lines. According to the seasonality of agricultural products, the price is higher when it is near the harvest due to the depletion of inventories. The non-seasonality observed in this graph may be explained by the fact that inside one harvest the inventory of wheat can play a role of smoothing the prices. That is why in the following model estimation seasonality is not added. 1For testing the stationarity of each harvest, Table 2.2 gives the results of Augmented Dickey-Fuller tests. Hypothesis of unit-root is rejected at 5% level for all the harvest series. All log prices series are stationary, which may suggest the mean-reversion in log prices. The mean-reversion property is also verified with the calculation of Hurst exponent.

The Hurst exponents obtained by R/S analysis with log prices series of every campaign are smaller than 0.5 and significant at the 5% level according to the t-stat. On the basis of Hurst exponent, the wheat prices have a mean-reversion behavior. 

Model application and estimation results

Model application

In this model, the log price is assumed to follow a Brownian motion with a mean-reversion term, plus a compound Poisson process with jump sizes double exponentially distributed (Kou, 2002;Ramezani & Zeng, 1998). This model allows to study the positive and negative jumps respectively. Volatility is supposed to be stochastic (GARCH). With X t = ln(S t ), log prices and V t = σ2 t , volatility:

dX t = κ (µ x -X t ) d t + σ t dB t + J t dN t (2.1)
dV t = κ v (µ v -V t ) d t + σ v V t dB vt (2.2)
X t = ln(S t ), log prices can be stated by a Jump-diffusion process which is presented by an Ornstein-Uhlenbeck process plus a Poisson term.

In equation (2.1) and (2.2), the Ornstein-Uhlenbeck process captures the mean-reversion behavior of prices. k denotes the rate that the log prices X t return to a equilibrium or a mean value

µ x ; Volatility � V t = σ 2 t
� is supposed to be stochastic. The volatility with GARCH behavior is modeled as a mean-reversion process. The Brownian motion B t and B vt , following N t ∼ (0, dt) are assumed to be independent.

Jump

The discontinuous component of the price process is described by a Poisson counter N t in the equation (2.1), with intensity λ and jump size J t . The intensity λ is the average number of jumps per unit of time, which can also be explained as the probability that jump occurs, Prob (∆N t = 1) = λdt and probability of no jump, Prob (∆N t = 0) = 1 -λdt. When the jump occurs, the log price jumps from X (t -) to X t = J t + X (t -) . We know that X t = ln(S t ), so ln (S t ) = J t + ln � S (t -) � , or S t = e (J t ) S (t -) . We have � e J t � -1, the percentage change of the prices. The double exponential distribution of J t is supposed to be independent of B t and B vt . It is the J t that illustrates the leptokurtic of the price returns. The double exponential distribution of J t is:

f J t =        η 1 e -η 1 J t Probability = p (2.3) η 2 e η 2 J t Probability = 1 -p (2.4)
The probability p, is the probability that an upward jump occurs, and 1-p is the probability of a downward jump. According to the exponential distribution, the means of exponential random variables are 1/η 1 and -1/η 2 for positive and negative jump sizes respectively. The mean of J t is obtained easily, which is equal to p/η 1 -(1 -p)/η 2 . The jump size is not normally distributed but has the leptokurtic feature. And the Double Exponent Jump model (DEJM for simplicity in the rest of this paper) gives the feature of overreaction and under-reaction to outside news and also the reaction to good or bad news; "DEJM can be interpreted as an attempt to . . . incorporate investors' sentiment" (Kou 2002). And the hypothesis of double exponent jump is more practically applied in illiquid market with discrete jumps. In this case, the two types of jump are supposed to be independent for simplification. 2

Volatility

From equation (2.2), the specification of volatility is a continuous case of GARCH (Brockwell and Chadraa 2006). For facilitating estimation, we can re-write V t = ω + αε 2 t-1 + βV t-1 with ε t-1 the error term at time t-1; ω > 0 et α ≥ 0, β ≥ 0; and α + β < 1 (stationary condition). Transforming to the continuous form of GARCH, we have [START_REF] Daniel | ARCH models as diffusion approximations[END_REF]). The equation of volatility, V t , is the discrete form of GARCH, where ω 1 -αβ measures the longrun average variance per day by using the daily data here. Using the square-root-time rule, the annualized volatility may be calculated by

k v = 1 -α -β and σ v = α √ 2
� ω 1 -α -β √ 252; α + β is the persistence of volatility.

Likelihood function

For the likelihood function, the density of X t is simplified as a Bernoulli weighted sum of normal and exponential density. The three sources of randomness, B t ,B vt and N t , are assumed to be independent. Price processes are divided into two regimes: Jumps happen with probability λ; No jumps with probability 1 -λ. Define a random variable X t as a sum of independent normal (with mean µ and variance σ 2 ) and exponential (with parameter δ) random variables. Its density function is:

g � X � � = δ 2 e δ 2 � 2µ+δσ 2 -2X � � erf c � -µ + δσ 2 -X � √ 2σ � , (2.5) 
where erf c (x) the complementary error function = 2 √ π � ∞ x e -s 2 ds Then density function can be written also as:

g � X � � = δe δ 2 � 2µ+δσ 2 -2X � � Φ       X � +µ-δσ 2 σ       , with Φ (): Cumulative distribution CDF of standard normal variables.
The density function of X t combined with a Bernoulli distribution in our case can be calculated (see also Ramezani and Zeng (1998) and Kou (2002)):

f(X t ) = λ � pη 1 e σ 2 η 2 1 2 e -(X(t)-(1-κ)X(t-1)-κµ x )η 1 Φ � -(X (t) -(1 -κ) X (t -1) + κµ x -V t η 1 ) √ V t � +(1 -p) η 2 e σ 2 η 2 2 2 e -(X(t)-(1-κ)X(t-1)-κµ x )η 2 Φ � (X (t) -(1 -κ) X (t -1) + κµ x -V t η 2 ) √ V t �� +(1 -λ) 1 √ 2π e         - (X (t) -(1 -k) X (t -1) -κµ x ) 2 2V t         (2.6)
The log likelihood function to be maximized is:

L (P) = � T t=1 ln [f (X t )]
with T the last trading day of the sample.

Parameters P = (κ, µ x , p, η 1 , η 2 , λ, ω, α, β) can be estimated by maximization of the likelihood function numerically 3 . Positive value constraints are put on all the parameters. The initial parameters are chosen carefully since results are highly dependent on the initial values.

Estimation results

Table 2.8 in the appendix gives the results from the maximum likelihood function. Parameters are given by different harvest periods (10 harvests in our sample). All the estimated parameters are significant, with the level at least 10%. The standard errors reported are calculated using the Hessian matrix. The tables below, which provide explanation of different behavior, are extracted from Table 2.8 of the appendix. Otherwise, two kinds of cases can be distinguished according to the results: Firstly, the harvest of 2004/2005 is categorized by jump with large size and lower frequency. Secondly, in the years 2006/2008 and 2010/2011, the jumps happen more frequently but have lower value. The results of the jumps are confirmed with those of mean reversion and volatility: In the higher volatile period, the jumps are more frequent and prices deviate to the market equilibrium much longer than in other periods. In 2004/2005, the jumps may be caused by the fundamental conditions, which provoke a large change in the wheat price. According to the previous results, the first two harvests in our sample are dominated by the fundamental information (inventory status), while the smaller and lower frequency jumps in 2007/2008 and 2010/2011 may be explained by supply shock from domestic and international market. The surmise of impact from the financial market should refer to more rigorous analysis.

Mean-reversion behavior

Diagnostic tests

In this section, robust tests will be taken to examine the validation of the model. The objective is to investigate if the mean reversion, jump behavior and time-varying volatility are appropriate to fit wheat spot prices. For answering this question, likelihood ratio tests are taken with three alternatives models under different hypotheses; and four moments calculated from the simulated prices series are compared with the moments by original data. Likelihood ratio is defined as LR = -2 [L (� p, X) -L (P, X)], with� p the parameters estimated by restricted models, P the parameters estimated by the complete model, and X the log prices. LR is Chi-square distributed with k degree of freedom (k is the number of restrictions). We can see that the hypothesis is rejected. Compared to all alternative models, the initial model (DJEM) is significant. It is effective to investigate the wheat prices by the complete model accord-ing to the likelihood ratio test.

Likelihood ratio tests

Moment fitting

The prices will be simulated using the estimated parameters. Then the moments are calculated by the new simulated series. The comparison will be taken between the original moments and the moment simulated. Firstly, the simulated series and the original series are taken in the same graph, as shown in figure 2.2. Note: The log returns in the simulated log-return graphs are calculated from the simulated prices.In the simulation we have simulated 1000 series, which constitute a surface around the real prices line. Only the simulated series below 10% standard deviation and above 10% standard deviation are considered.

Figure 2.3 shows only one simulated series, which is considered the closest to the real data series.

The estimation and simulation are produced by a discontinuity Poisson process and for every harvest. The simulated prices and log returns fit the real data during 2005/2006, which is also the most stable period among the 10 harvests. The deviation between the simulated series and the original is much higher in the high volatility period. It should be noted that the real data depends also on the economic conditions and outside information, and the simulated price series depends only on the assumptions of time series. As in the simulation process, a Poisson distribution simulates the jump with a well-defined frequency. However, concerning the jump size, whether it is an upward or downward jump, the estimation is conducted by the mean of the jumps size. As a result by simulation, the jumps happen randomly without considering the real information from the market. The four moments for 10 harvests are obtained in Table 2.7. The first two moments do not diverge too much from the original data. In contrast, simulated skewness and kurtosis are much smaller than the original. The explanation of this fact can also be due to the lack of assumption about the economic condition in the simulation. Another 3 simulation series are given (Figure 2.8) in the appendix. The deviation between real data and simulated data always exists for the high volatility period. And these simulated series are quite different from each other given the random simulation. At least, the simulated series replicate the main features of real data, such as mean reversion, and higher volatility for certain harvests.

A brief conclusion of this section: The model used in this article is to capture the key features of wheat prices. Using mean reversion, jump process and varying volatility is effective according to the simple likelihood ratio tests. Chan (2005) finds similar results about short-term interest rate: that models combining mean reversion, jump and time-varying volatility fit the data, and the conclusion of [START_REF] Ramezani | An empirical assessment of the Double Exponential Jump-Diffusion Process[END_REF] for stock market is mixed. The simulation cannot produce a similar series during the high volatility period as a result of complicated market conditions. The first two moments are coherent with the original moments. It should be mentioned that the skewness and kurtosis are unstable according to different series. After taking all the above into account the complete model (DEJM) used in this paper is effective to investigate the trait of wheat spot prices and to be applied in the market with less and discrete jumps observed.

Conclusion

In this paper, a stochastic jump process is used to capture the French wheat spot prices from 2004 to 2014. The stochastic process incorporates almost all the categories of price variation, including mean reversion, jump behavior and varying volatility. The modelling of jump as an exponential distribution deals with the problem of less liquidity in physical market and allow to distinguish between positive and negative jump. The parameters are estimated by a numerical maximization of the likelihood function. Estimation is taken by different harvests independently. In the end, there are 10 groups of parameters to interpret. Several robust tests are taken after estimation. It is reasonable to incorporate the mean reversion and jump term into the process. The focal point is to study the wheat spot prices features that can be found from the analysis. At first, the wheat prices exhibit the mean-reversion behavior: after a shock on the prices, the prices will return to an equilibrium level. However, the time taken to return depends on the market condition. During the volatile period (2007/2008 and 2010/2011), prices fluctuate far from equilibrium level. Secondly, the period of 2007/2009 exhibits higher volatility for French wheat.

The changes in inventory and influence from other countries do have an impact on the French wheat market, since the market is never only domestically confined. As a result, fundamental condition is still the main explanation of the fluctuation of wheat prices. Thirdly, 2007/2008 displays more frequent downward and small jumps. In addition, compared with the early years, the wheat market undergoes more shocks from the outside, with more jumps happening. Finally, the fundamentals seem still to be able to provide the major explanation of the volatility, as supply shock provoke higher volatility in respective periods. However, harvests with frequently jump happening coincide with the periods of financial crisis. This fact leads to the conjecture of impact from financial markets. The finding in this paper gives us some features of wheat prices and is relevant for the regulators. According to the results of our modeling, it is crucial that the agricultural cooperatives and the policymakers take the jump into account in their risk management strategies. However, the results of this paper are not enough to justify the impact of "financialization" or precise factors on the wheat market. Which are the factors behind the volatile prices? Are the fundamental conditions (supply/demand) dominant in the agricultural market or does the speculation from the commodity derivatives market produce the recent price changes? All the questions not concluded in this paper will be discussed in future research. Note: This graph gives 3 simulated series. s1, s2, s3 represent the 3 simulated series of log prices and the black thick curve is the real data series. In the 2010/2011 harvest, it seems that the simulated series cannot arrive to the same high level as the real one.

The prices are lower at the beginning of the harvest compared to the end of the harvest. The property of mean reversion produces a simulated curve varying along an equilibrium level, which is lower than the higher prices of the middle harvest.

Y-axis is the log prices.

Annex: Estimation using Matlab

In the following, we give the estimation code using maximum likelihood function 

(i)=p6+p7*(St(i-1)-St(i-2)-p1*(p2-St(i-2))) 2 + p8 * vt(i -1); end mj=p10/p11-(1-p10)/p12; vj=p10*(1-p10)*(1/p11+1/p12) 2 + p10/(p11 2 ) + (1 -p10)/(p12 2 );
3) Define the likelihood function fun = @(x) exp(-x. 2 /2); for i=2:157; X(i)= -(St(i)-St(i-1)-p1*(p2-St(i-1))-vt(i)*p11)/(vt(i) 0 .5)

Y (i) = (St(i) -St(i -1) -p1 * (p2 -St(i -1)) -vt(i) * p12)/(vt(i) 0 .5) q(i) = integral(f un, X(i), I nf ) p(i) == integral(f un, Y (i), I nf ) Lt(i)=log((1-p5)*exp(-(St(i)-St(i-1)-p1*(p2-St(i-1))) 2 /(2 * vt(i)))/(2 * pi * vt(i)) 0 .5 + p5 * (p10 * p11 * exp(vt(i) * p11 2 /2) * exp(-(St(i) -St(i -1) -p1 * (p2 -St(i -1))) * p11) * q(i) + (1 -p10) * p12 * exp(vt(i) * p12 2 /2) * exp((St(i) -St(i -1) -p1 * (p2 -St(i -1))) * p12) * p(i)); end 3.

Introduction

The agricultural industry is highly dependent on the climate, which may lead to un-forecastable price variation. Nowadays, cooperatives often use financial markets to hedge this kind of risk. At the same time, by looking at the price variation, jumps and time-varying volatilities are found to be significant in agricultural commodities price series. The failure of forecasting risk might produce systemic risk given the role of agricultural cooperatives in the market. Based on this, a good indicator showing and measuring market risk is needed. In the framework of agricultural cooperatives, this paper discusses Value-at-Risk (VaR), a measure of the potential loss given a probability within a period (one to ten days); VaR is actually a quantile of portfolio returns, which is a risk measurement widely used by financial institutions and the agricultural industry.

Cooperatives play an important intermediary role in the agricultural industry or agribusiness. As Declerck and Mauget (2008) indicates, "The job of agricultural cooperatives is to collect agricultural commodities from farmers and commercialize these commodities in the market." The aim of cooperatives is to ensure that their members sell commodities at a reasonable price level. This is in the context of economic solidarity. The same case exists for French agricultural cooperatives. French cooperatives usually pay an "average price" to the members. This payment contract can be explained as follows:

1. Cooperatives pay the members for an advance price when the contract is established between them.

2. At the end of a harvest, two cases exist: cooperatives may pay for a complement price (difference between average price and advance price) when the average price is higher than the advance price; cooperatives do not need to pay for a complement price if average price is lower than the advance price.

After collecting commodities from members, cooperatives commercialise these products to sell to their clients; most of them are industrial producers. In recent years, agricultural cooperatives face a multitude of difficulties, which are increasing costs, low commodities' prices and higher price volatility (Gray & Kraenzle, 2002). Price volatility challenges the risk management among cooperatives. Higher volatility and improper hedging strategy may lead to cooperatives filing for bankruptcy.

Under the new environment with different dynamic nature of agricultural prices and volatile financial derivatives markets, cooperatives managers should revise risk management and measurement tools for confronting diverse market risks. On the one hand, commodity derivative contracts are common hedging tools among the agricultural cooperatives providing diversification benefits. However, a price change in derivative contracts provoke devaluation of hedging portfolio, which probably creates disaster for cooperatives. Rigorous risk management should take this into account (Roussillon-Montfort, 2008). On the other hand, unlike the VaR that applies in an equity or bond portfolio, VaR in commodity portfolio should capture the characteristics of commodities. Skewness and fat-Kurtosis phenomenon, which exist in recent agricultural commodities price returns, are not included in the normal distribution model. Finally, market risk is highlighted by financial regulators, for example, market risk framework of Basel III Capital. In regulatory practices, VaR is used to define Minimum Capital Risk Requirement, which is requested for the banks to set aside unforeseen loss. A proposal of the Basel committee defines a VaR measure using 99% confidence interval over 10 trading days, and the resulting VaR is multiplied by a factor to arrive at the minimum capital requirement for regulatory purposes.

VaR is also suggested for firm's risk management and as well in agricultural economics, where VaR is recommended in the reporting of market risk. Given the immediacy role of cooperatives in the agricultural industry, bankruptcies of cooperatives are costly and will create systemic risk, which threatens the order of the whole market and the benefit of farmers. Requirements for the risk evaluation tools are discussed in Basel III perspective and the European Union's Capital Adequacy Directive (CAD III) for financial institutions especially in order to control the tail risk.

Considering the important role of cooperatives in the agricultural commodity industry, the issue of extreme risk should be also considered in agricultural cooperatives.

In this research, we focus on the calculation of VaR. An appropriate VaR applied in agricultural cooperatives should deal well with the trade-off between sufficient risk prevision and not overus-ing resources. We are going to compare two VaRs under different price processes: Black-Scholes model under normally distributed prices and Double-Exponential-Jump model. The comparison is taken by using the VaR in different portfolios. Portfolios in this paper try to mime cooperatives' activities, including contract between farmers and cooperatives, and contract of hedging.

The only product on which we concentrate is wheat. It is no doubt that cooperatives dispose multiplied kinds of agricultural products and it is more realistic to combine all these products. However, the interaction of different agricultural commodities makes the simulation more complicated and is out of the scope of this research.

In the three portfolios cases of this paper, one model does not always outperform the other one.

Results are dependent on the periods and portfolios. However, from another perspective we can conclude that in terms of frequency and size of exception, Jump-VaR does not overestimate risk and has an efficient a capital allocation as Normal-VaR in most of the cases. On one occasion, Normal-VaR is located in the Yellow zone, according to Basel criterion, which induces risk underestimation of Normal-VaR in the case of a period of relatively high volatility.

The contribution of this research is that: firstly, it contributes to the literature on risk evaluation in the agricultural business. VaR is examined often in the financial market assets, but little in the physical market and among agricultural cooperatives practices, one of these researches is by Manfredo & Leuthold (1998). Secondly, VaR estimation is based on the portfolio that is close to the cooperatives' operations and is practical for professionals. Former studies focus on the accurate estimation of correlation and volatility of agricultural portfolio, and this paper consists of the effectiveness of two VaRs in simulated cooperatives' activities. Finally, the results give another insight for the regulators on the regulation in commodities physical markets in terms of market risk measurement and risk management.

The paper is organised as follows: section 2 summarises the two models of spot price modelling and presents VaR methods and backtesting; section 3 gives results of three kinds of portfolios and the conclusion is presented in section 4.

Modelling price returns and VaR

Black-Scholes model and Jump model

Black-Scholes Model

The Black-Scholes model in this article is the Value-at-Risk under Black-Scholes framework where the commodities price returns S t have a lognormal distribution with constant drift and volatility [START_REF] Black | The pricing of options and corporate liabilities[END_REF], where they apply for pricing options. More precisely, price St is supposed to be:

S t = S t-1 exp � � µ -0.5σ 2 � 1 T + σ 1 T Z t � (3.1)
with Z t (0, 1), standard normal distribution. There are two parameters in this model: µ denotes the mean log-returns and σ the mean return volatility.

Criticism on this model is that more and more research has found that commodities price returns are not normally distributed but have excess skewness and fat-tailor. The application under normal distribution hypothesis may produce bias in the results. The objective of this paper is not to estimate the model, we give the estimated parameters directly in Table 3.7. In the following, we denote Normal-VaR as VaR simulated under Black-Scholes framework. Due to the evidence of no-normal distribution of price returns, we have estimated a Double-Exponential-Jump Model, which includes all the characteristics of recent price evolution.

Double-Exponential Jump Model

Some preliminary statistical results have proved the argument that wheat prices are not normally distributed. As we are particularly interested in jumps of the wheat prices, we applied a Double-Exponential-Jump model to the physical wheat prices (Kou, 2002), (Ramezani & Zeng, 1998). The model supposes that price returns have a double-exponential jump distribution with stochastic volatility. For simplifying, we call this model 'jump model' in the rest of this paper.

This jump model assumes that:

dX t = κ (µ x -X t ) d t + σ t dB t + J t dN t (3.2)
dV t = κ (µ v -V t ) d t + σ v V t dB vt (3.3)
With, dB t ,dB vt Brownian process for price returns and volatility. dN t , Poisson counter with parameter intensity is the average number of jumps per unit of time.

And the jump size has

f J t =        η 1 e -η 1 J t Probability = p (3.4) η 2 e η 2 J t Probability = 1 -p (3.5)
Different from the Normal model, the Jump model takes into account the fat-tailed and timevarying volatility in wheat prices, as in the previous paper, a special event may introduce jump in the price series.

Both models are applied to the wheat prices for wheat delivered to Rouen for the harvests of 2010/2012, 2012/2013 and 2013/2014. The parameters are estimated using maximisation of likelihood function. The results are given in Table 3.8. The VaR estimated under this jump model is noted as Jump-VaR.

Value-at-Risk(VaR)

VaR is primarily designed in the financial institutions. VaR measures the potential loss during one period and is widely used as an indicator of market risk of financial portfolios. Marshall and Siegel (1996) state that "VaR has gained strong support from industry and regulatory bodies such as G20, BIS and EU." VaR is recommended in reporting of market risk associated with derivatives contracts. In agribusiness, Boehlje and Lins (1998) and Manfredo and Leuthold (2001) implied VaR to quantify market risk for farms. Nevertheless, the uncertainty of VaR estimates may produce a new risk, as VaR estimates might not be appropriate.

In general, there are two types of estimation method by which to obtain this indicator, nonparametric method and parametric method. Each of them has disadvantages when compared with the other.

The historical simulation method, as one of the most used non-parametric methods, assumes that history repeats itself. This method simulates asset returns based on historical prices and reads the 1% worst loss. Historical simulation does not have any assumptions about return distributions. It is easy to calculate and may capture the characteristics in the dataset. However, this method can be inefficient for some complex assets and be biased in the case of higher volatility. For example, historical simulation VaR might not take into account the features of commodities, which probably have seasonality or business cycles. Also, historical simulation VaR might be biased when there is an extreme event.

The parametric method: variance-covariance method or delta-normal method is based on the normally distributed returns assumption. This method uses RiskMetrics methodology originally developed by JP Morgan. The method supposes that portfolio return is a linear combination of normal variables, which may conduct problems in the case of nonlinear effect of options. Variance and covariance of each asset in the portfolio are needed. It will be difficult in the case of large positions in the portfolio. This method is widely used in cooperatives, where there is a variance-covariance matrix of different products, wheat, corn etc. As with historical simulation, the variance-covariance method may underestimate extreme outcomes. Another parametric method widely used in practice is Monte Carlo simulation, which will be applied in this paper. This method is flexible, based on different return distribution assumptions. It is easily applied in industry and assumes that the underlying returns are normally distributed and simulated when assets are some derivatives contracts that have a nonlinear and path-dependent pay-off function. Aussenegg and Miazhynskaia (2006) show that models' accuracy depends on the type of distribution and probability. The changes of risk report under different assumptions and methodologies may be dramatic. Risk estimation can be biased under these kinds of models, if market returns do not follow respective distribution.

VaR tries to explain tail risk of a given distribution, and it will be distorted if the distribution of data is leptokurtosis under normal distributed assumption. This research is not the first try to take into account the jump risk or tail risk in the calculation of VaR. 

VaR Backtesting

Qualitative or quantitative backtesting techniques are needed for testing the performance of Normal-VaR and Jump-VaR. One of the backtesting techniques is the Basel approach, where they allocate the banks to three zones based on the number of exceptions observed over 250 trading days. The exception is defined when Profit/Loss surpasses the estimated VaR, which means that VaR fails to estimate the risk at this time. The VaR measure would be distinguished into one of the three colored zones. VaR measures falling in the green zone have no particular concerns. Those in the yellow zone require monitoring with increased multiplier in calculating market risks capital charges. The detail of the Basel criteria is given in Table 3.9.

The other backtesting technique is based also on the number of exceptions and is more rigorous. Kupiec's test is to "determine whether the observed frequency of exceptions is consistent with the frequency of expected exceptions according to the VaR model and chosen confidence", and it is under the hypothesis that the number of exceptions has a Bernoulli distribution. The LR test statistic is:

LR = -2ln � (1 -� p) n-x � p x (1 -p) n-x p x � � X 2 (1) , (3.6) 
With � p the VaR stated probability level; p the exception frequency; x n , n the total trading days and x the number of exceptions. The null hypothesis under this test is that the realised number of exceptions is equal to the theoretical number of exceptions defined in the VaR model and model is efficient.

We conduct backtesting on the frequency of exceptions and also on the size of expected loss. The third backtesting is based on the magnitude of estimated VaR. A larger difference between VaR and real Profit/Loss in the case of exception will be a disaster for cooperatives. For this purpose, we calculate a Root-Mean-Square Deviation (RMSD), which is the difference between Expected shortfall and the P/L in the case of exceptions. And,

RMSE =            � � T i=1 (Expected short f all i -P/L i ) 2 T if exception accurs (3.7) 0 if no exception (3.8)
with T the total trading days.

RMSD is inspired from Angelidis and Degiannakis ( 2006), where they propose a two-stage VaR evaluation. They point out that, given an identical number of exceptions, one model underestimates the risks in the case of exception, which is costly as well.

The last backtesting VaR, Performance Criterion (VPC), used also in Fuss et al. ( 2010), and Bao and Saltoglu (2006), considers "the trade-off between efficient capital allocation and sufficient reserves". This measure includes the distance between returns and VaR, correlation between return volatility and VaR, and penalties when there is exception. VPC is calculated as follow:

VPC = α 1 1 n X � x=1 (Real return x -V aR x ) 2 + α 2 1 n � � K k=1 |V aR k -Real return k |I (Real return k < 0) +α 3 cor � Real return 2 , V aR � + α 4 |� p -p| (3.9)
n is the number of observations; X the number of exceptions; K the numbers of times when there is no exception and real return is negative. The first term and the last term are concerned with the penalties of exceptions, which incorporate the size and frequency of exception. The second term measures the cost of reserves. It is also undesirable if VaR overestimates market risks. The third term is the correlation between squared return and VaR, since a good VaR increases in volatile periods for estimating the risk and recedes during tranquil time for reserving resources. � p, p are defined as in the Topiec's test. α 1 , α 2 , α 3 , α 4 are the weight of each component and sum to unity. They can be adjusted according to the risk managers' preference. In our case, we use an equal weight, with α i = 0.25.

In general, a good VaR estimation should explain accurate risk level under both volatile market conditions and a quiet market without unnecessary reserve costs. In the following section, we will estimate VaR in different scenarios and compare the results with three backtesting techniques.

Comparison under different scenarios

French wheat market conditions from 2011 to 2014 Before looking at the risk measure results, the wheat market conditions are briefly presented from the price series and estimation results of pricing models. We consider that prices on different harvests are prices of different products. Figure 3.1 shows wheat prices in three harvests separately. During the harvest 2012/2013, wheat prices have a much higher level than other two harvest years. Cycles in the graphs show several periods where wheat prices display a decreasing interval. These are also the periods where we observe most exceptions of VaR in the following empirical results.

Parameters of the two pricing models for theses three harvests are given in Tables 3.7 and 3.8. Results from the two pricing models, Black-Scholes model and Jump model, show that price return volatility is higher in the period 2012/2013 with a rate of 21%. However, according to the Jump model, in the year of 2013/2014, jumps happen more frequently than in the other two periods. Harvest 2011/2012 may be considered as a quiet period, and the 2012/2013 and 2013/2014 campaigns are volatile in certain period intervals.

Empirical results

As it is mentioned before, cooperatives sign a contract with farmers to guarantee a selling price. Cooperatives buy products from farmers and pay for an "advance price" to members. At the end of the contract, if average price is larger than advance price (average price ≥ advance price), the cooperative should pay farmers a premium, which is the difference between average price and advance price. This contract is equivalent to short an Asian call. Moreover, we assume that cooperatives buy one unit of wheat for simplification.

According to two different price distribution frameworks, a Monte Carlo simulation is used to estimate the VaR of the portfolio. A comparison is taken between VaR simulated by Black 2. Approximate the spot prices according to the equations and the random variables generated in step 2.

3. Simulate the Profit/Loss of the portfolio, which includes Asian Options. Daily VaR of the 10-day horizon will be the 0.01-quantile of distribution of 1000 portfolio change values.

Portfolio 1: Market risk in spot prices

Cooperatives only have wheat and hold it until the end of the harvest

We begin on the simplest case where cooperatives hold only wheat. They do not sign any contracts with farmers or sell products to clients. The objective of this portfolio is to study the market risk created purely by price fluctuations. Since we estimate VaR with a 10-days horizon profit and loss (noted P/L) of portfolio 1 is actually price difference of 10 days' discard. Wheat is sold in the same proportion every day.

In this case, we assume that cooperatives buy wheat from farmers and sign a contract for guaranteeing selling prices that are not smaller than the average prices of the year. Signing the contract with farmers can be considered as short Asian Call. Moreover, cooperatives are assumed not to hedge risk; thus, they face the risk when price decreases. Meanwhile, we suppose that cooperatives sell the same proportion of wheat every day. The contract has value 0 in the beginning. For simplifying, cooperatives are assumed to hold one unit of wheat. By including Asian call in the portfolio, the payoff of portfolio 2 becomes nonlinear. Under this case, profit and loss becomes:

Portfolio 2:
Portfolio=Long wheat S + short Asian call Y Profit and Loss (P/L): t : In this case, we assume that cooperatives long an Asian Put for hedging risk. The Asian call and put have the same maturity and strike price. Cooperatives also sell the same amount of wheat every day. The portfolio can be presented as:

P/L = (S t+10 -S t ) + (0 -Y t+10 ) t+1: P/L = (S t+11 -S t+1 ) (1 -1/T ) -(Y t+11 -Y t+1
Portfolio 3:
Portfolio=Long wheat (S) + short Asian Call (Y)+ long Asian Put (X) P/L t :

P/L = (S t+10 -S t ) + (0 -Y t+10 ) t+1: P/L = (1 -1/T ) (S t+11 -S t+1 ) -(Y t+11 -Y t+1 ) + (X t+11 -X t ) . . .
The specification of Asian call Y (contract signed with farmers) is the same as in portfolio 2. Asian Put for hedging is specialised as: Maturity T for one year/one harvest; K strike price is supposed to be 190 Euros (same strike price as Asian Call Y). By long Asian Put, cooperatives do not hedge risk perfectly. The holding wheat is decreasing as time passes, and we assume that cooperatives sell 1/T portion of wheat every day. The P/L in portfolio 3 is slightly lower than that of portfolio 2.

Figure 3.4 gives the results of VaR of the two models by comparing with real data. Since we suppose that cooperatives sell the same portion of wheat every day, the Profit/Loss with real data displays the similar form as portfolio 2, except with smaller portfolio value due to the hedging. As in portfolio 2, the two models have larger difference in the beginning but converge in the end of harvest. Days of exceptions are observed in the similar dates as in the two other portfolios, for example, on 07/11/2011, when wheat prices decrease to 14 Euros/ton, the period from 22/05/2013 to the end harvest, and from 30/04/2014 to 07/05/2014, when wheat prices reduce continually. From Table 3.5, it can be seen that Jump-VaR has lower frequency of violation in all of the three periods. And, on average, Jump-VaR is larger than Normal-VaR and frequency of real loss exceeding expected shortfall is higher in the Normal model.

Concerning the backtesting of portfolio 3 and from Table 3 In portfolio 3, cooperatives start to hedge risk with an Asian Put. Risk hedging is not perfect but portfolio return volatility decreases. Normal-VaR and Jump-VaR work well in the first two harvests; however, in the last year, Normal-VaR underestimates risk. A question will be raised regarding the accuracy of the Normal-VaR model, but also regarding the accuracy of the Black-Scholes model's estimated parameters. Jump-VaR in this case may be a complete market risk measure for cooperatives managers.

Conclusion

This paper simulated Value-at-Risk using Monte-Carlo methodology under different price return distribution frameworks. We compared two price models, Black-Scholes model under normal distribution and Double-Exponential-Jump model under no normal distribution. The comparison is taken from the framework of simplified portfolios in cooperatives. As cooperatives have an intermediary role in the agricultural industry, accurate risk estimation is crucial.

The conclusion of the question of whether Value-at-Risk under the Jump model is superior to VaR under Black-Scholes model depends on the studied periods. Firstly, as expected, the frequency that real loss exceeds VaR is usually higher in Normal-VaR than in Jump-VaR. However, the difference is small in some cases. Normal-VaR cannot be rejected, since both VaRs, Normal-VaR and Jump-VaR, are in the security zone according to the Basel criterion in most of the cases. Secondly, Jump-VaR does not have a cost reserve problem. Performance test of the two models for efficiency does not display a big cap. Thirdly, it should be noted that there is one occasion when Normal-VaR is located in the Yellow zone of the Basel criterion. Normal-VaR might bring about underestimation risk problems in the case of a highly volatile market or other extreme market condition. Finally, although the jump model takes into account jump risk in price modelling, this model cannot repeat the same jumps as real prices. That is why in Jump-VaR, exceptions or underestimation can still happen when there is actually jump in the data. Overall, given the changing market environment and uncertain price distributions, Jump-VaR can be complementary to this kind of market condition, although jumps cannot forecast well and resources reserve may be costly in the Jump-VaR.

This paper gives three simple portfolios for imitating cooperatives' activities. Wheat portfolios in this research include the contract between cooperatives and farmers, and hedging contract. The results suggest that Jump-VaR may be a useful risk measure tool to complete in the reporting of market risks for agricultural cooperatives. And this research uses only wheat in the portfolio. The Profit/Loss of cooperatives depends also on other commodities (unit-type commodity in this paper). Future work may include other products, which will increase the calculating complicity and lead to computational burden with much more market risk factors. ). For convenient estimating, we can re-write this as V t = ω + αε 2 t-1 + t-1 with ε t-1 the error term at time t -1; ω ≥ 0andα ≥ 0, β ≥ 0; and α + β < 1 (stationary condition). By transforming to the continuous form of GARCH, we have [START_REF]ARCH models as diffusion approximations[END_REF]). Parameters are estimated from spot prices of wheat delivered to Rouen during the the three harvests. Note: The criterion are applied to the VaR with a horizon of 10 trading days: 99% confidence interval: observation based on at least one year of historical data.

k v = 1 -α -β and σ v = α √ 2
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Introduction

The financialization of commodity has triggered a heated debate among professionals, researchers and policy markers.

In the literature on "the impact of speculation" on commodity futures markets, commodity index investing, a financial innovation, which emerged as a standard investment practice among portfolio managers in the mid-2000s, has attracted particular attention. Index funds track indices composed of baskets of commodity futures that are regularly rolled over prior their expiration. While causality tests generally refute the hypothesis that index flows Granger-cause commodities' prices, Guilleminot et al (2012) have uncovered a contemporaneous impact of weekly index flows on some agricultural futures prices.

Two opinions exist at the theoretical level about the origin of an abnormal speculative impact on commodities' prices. Paul Krugman and other authors consider that speculation in commodities' paper markets can only have impact on commodity prices through a change in inventory or in the commodities' forward term structure. From this perspective, absent abnormal stockpiling or change in the term structure, speculation should not be blamed for abnormal price distortions in commodity markets. By contrast, Pierru & Babusiaux (2010) argue that, due to the short-term price inelasticity of supply and demand in commodity markets, an abnormal speculative impact on commodities prices can occur without involving stockpiling as a signature. More details of these two opinions will be given in the second section.

In this paper, we empirically investigate the impact of commodity index funds on both commodities' term structure and price returns. For this aim, we assess the impact of weekly index flows, as reported by the CFTC on 12 US agricultural markets, on the term structure of commodity forward curves (defined as the spread between the one-year-out and the first-nearby futures contracts), which can be considered, by virtue of the theory of storage, as an inventory proxy for storable commodities. We then carry out robustness tests using bi-monthly and monthly (instead of weekly) observation times, spot prices (instead of futures prices), alternative futures calendar spreads (instead of one-year-out to first-nearby calendar spreads) and monthly revisions in USDA inventory projections (instead of higher-frequency term structure dynamics).

According to our analysis of twelve US-traded agricultural futures contracts, we find that the impact of index speculation goes directly through prices without any change in inventory nor in term structure. In addition, the impact of index flows on agricultural prices disappears when we turn to bi-monthly or monthly observations, suggesting a short-lived market impact followed by a correction. The same conclusion is obtained in the case of several metal and energy futures markets. Overall, our results suggest that speculation can have an impact on commodities prices without involving stockpiling as a signature.

The rest of paper is organized as follows: section II reviews previous literature; Section III describes the data used in this paper and the methodology; section IV presents and discusses our results; section V is devoted to some robustness checks; section VI concludes.

Theoretical Background

In the discussion of relation between commodity price and speculation, Paul [START_REF] Krugman | can have a persistent effect on oil prices, then, is if it leads to physical hoarding -an increase in private inventories of black gunk[END_REF] mentioned in his New York Times blog that: "The only way speculation can have a persistent effect on oil prices, then, is if it leads to physical hoarding -an increase in private inventories of black gunk. . . ." In another blog, he argues that the impact is possible only if "someone who actually has oil" sells oil to a long speculator through a forward contract and "holds oil off the market so he can honor that contract when it comes due". Let us remark that not only storers but also producers may have the ability to "hold a commodity off the spot market" with a view to honoring a short position in the paper market. Because storers and producers must be incentivized to hold the commodity off the spot market, such mechanism should be revealed by a change in the inventory or at least in the forward term structure (if producers are involved rather than storers). Hence, from this perspective, speculation cannot drive prices away from the fundamentals with-out a change in inventories. The argument can be illustrated as follows: An alternative story along the same line is as follows: if unwarranted speculative activity drives prices away from the "fundamental" price (which could be defined as the one which balances production with consumption in the medium term), then, if the price and demand functions are sufficiently price elastic, an excess of production should ensue, resulting in turn in inventory accumulation. Hence, also in this case, an abnormal speculative impact should be associated to a change in inventory. However, in this case, inventory accumulation would be the consequence of the abnormal price impact, not its cause. (Pirrong 2008), (L.Smith, 2009), as in the case of sufficiently large price elasticity of demand and supply, the production reacts to an abnormal change of prices. The inventory accumulation is due to an excess of production, which is caused by an abnormal price increase. . An opposite opinion proposed by [START_REF] Babusiaux | Speculation without oil stockpiling as a signature : a dyanmic perspective[END_REF] suggests that speculation can have an impact on commodity prices without stockpiling as a cause or consequence. The argument relies on the low short-term price elasticity of supply and demand in commodity markets, which leads to a slight impact on demand and minimal effect on inventory in the case of exogenously driven price rise. ε (t) is supposed to be an increasing function of time t, with ε (t) > 0. Demand can be assumed to be inelastic in the short run and demand adjusts gradually. Inventory shock I after an increase of prices due to a speculative shock can be defined as a function of demand elasticity ε (t) and prices changes S, with I (t) = ε (t) S. After a speculative shock on the prices, and given short-run price inelasticity, if prices turn to be normal quickly, stockpiling will not be observed. This economic mechanism might be illustrated as follows: Most studies in this strand of literature reach the conclusion that flows do not "Granger cause" price changes. However, temporal precedence is not equivalent to causation. Singleton (2011) observes that the 13-weeks rolling cumulative index flows predict the subsequent oil prices weekly returns after controlling for fundamental financial and non-financial variables (convenience yield, equities prices returns, financing conditions offered by large investment banks. . . ). The documented instability of the precedence relation between flows and prices is an additional concern. For example, Robles et al. ( 2009), who carry out Granger causality tests on sliding 30-months windows, show that the hypothesis that flows "Granger cause" prices is sometimes rejected, sometimes validated depending on the period of the test. Gilbert (2010) finds a significant positive association between contemporaneous weekly index flows and prices variations for a set of energy, metal and agricultural commodities after controlling for equities price returns. From here, the author evaluates that the maximum price impact of index flows may have been to raise prices by the order of 15% in 2008. Hendersen et al. (2012) use Commodity-Linked-Notes (CLN) issues as a plausibly exogenous index flows variable. Through an event-study analysis, they observe the existence of an impact of CLN issues on commodities prices. [START_REF] Guilleminot | The interaction of speculators and index investors in agricultural derivatives markets[END_REF] also address the question of endogeneity by using index flows into twelve agricultural contracts and into three generalist ETF as two possibly exogenous index flows variables. They find an economically and statistically strong association of weekly index flows to futures prices returns in some agricultural markets, the effect being reinforced in conditions of overall financial stress. Although the literature tends to conclude to the existence of an effect of index flows on commodity price returns, on the one hand; the relationship between commodity index funds and inven-tory changes or spread of futures contracts, on the other hand, has so far received little attention. Mou (2011) shows that a strategy front-running the GSCI investors just a few days before the monthly rolling of the positions yields abnormal returns. The abnormal return disappears if the strategy is executed on contracts, which are not included in the Goldman Sachs Commodity Index. This suggests that GSCI investors cause the spread between first-nearby and second-nearby contracts to widen (the first-nearby contract, which is sold by the GSCI investor, depreciates with respect to the second-nearby, which is bought by GSCI investors) at the time of the rolling. Using available oil inventory data, Lombardi Robays (2011), find no significant impact of "destabilizing speculation" on inventories. On a related note, some recent works have recently looked at the impact of index investors on futures risk premiums (see [START_REF] Brunetti | Commodity index trading and hedging costs[END_REF], Acharya, Lochstoer, and Ramadorai (forthcoming), Cheng, Kirilenko, and Xiong (2012), and [START_REF] Hamilton | Effects of index-fund investing on commodity futures prices[END_REF]. Only Brunetti and Reiffen (2011) have found some evidence of such impact so far. The relation between inventory and futures term structure is now well established. Working (1933) is the first to identify a strong positive correlation of the futures calendar spreads (difference between long and short dated maturities) to the inventory level in the wheat market. This relation between inventory and futures calendar spreads has been retrieved on different commodity markets and more recent periods (see e.g. Fama & French 1987, Gorton et al. 2007, Geman & Ohana 2009). The relation goes both ways. An inventory increase raises the price of storage (i.e. the price to rent a free storage space), which can be readily expressed in terms of the spread between the futures prices of long and short dated maturities. Conversely, an increase in the spread between long and short dated futures prices prompts market participants to execute the cash-and-carry arbitrage, resulting in an increase of inventories. From this fundamental insight, our aim in this paper is to test the two aforementioned hypotheses on the impact of uninformed index speculation on commodity prices: (1) this impact goes directly through the prices without involving any change in inventories nor the term structure or (2) this impact involves a change in the term structure and inventories as a cause or consequence. Overall, our results give strong support to the second hypothesis. An additional implication of our observations is that the market impact of index flows vanishes beyond a weekly time horizon.

Inventory and index funds Inventory and its determinants

Investigating the impact of index funds on agricultural commodities' futures calendar spreads or inventory requires the knowledge of the various control variables that are likely to drive commodities prices' term structure and inventory. The possibilities of arbitrage between spot and futures markets for storable commodities strongly attach the spread between spot and futures prices to the total charge of carrying forward a commodity from the present date to the futures contract maturity. This charge, in turn, is composed of capital charge (i.e. interest rates), storage costs and the "price of storage" (see Working, 1941), i.e. the cost of renting a free storage space from the present date to the contract maturity. This price of storage naturally increases with the level of inventories, as high inventories imply scarce residual storing capacities. When inventories are depleted, the price of storage turns negative as free storage space is abundant and diverse financial benefits (often referred to as the "convenience yield") accrue to the holder of a physical commodity. "Backwardation" corresponds to a situation where the futures term structure curve (the behavior of futures prices as a function of contract maturity) is downward sloping. According to the theory of storage, backwardation occurs when the convenience yield is greater than the cost of holding inventory (interest rate and cost of storage), hence when inventory is low. The opposite situation (futures price higher than the spot price) is referred to as "contango". Backwardation determines in turn the storage behavior. [START_REF] Telser | Futures trading and the storage of cotton and wheat[END_REF] points out that investors tend to store in the situation of contango and sell inventory when in the context of backwardation. Moreover, since long-dated futures contracts are less expensive, rolling from nearer to longer contracts is beneficial for speculators in backwardated markets. Hence, the term structure influences not only storers' but also financial speculators' behavior in commodity futures markets. In previous literature, the spread between first and second month is often used as an inventory proxy. However, short-dated contracts can be highly volatile, [START_REF] Borovkova | Detecting market transitions: from backwardation to contango and back[END_REF], hence the spread between the two nearest contracts might contain "noise". Another concern is seasonality: the term structure behavior is affected by the timing of the harvest (e.g. the spread between two contracts with maturities before the harvest conveys information about pre-harvest inventory while the spread between two contracts with maturities before and after the next harvest reflects post-harvest inventory anticipations) and the spread between different contracts is strongly discontinuous at the crossing of rolling dates (i.e. jumps after the nearest contract ceases trading). In order to circumvent these problems, we use the smooth inventory proxy introduced in (Guilleminot, Ohana, J.J, & Ohana, S., 2014), 1 defined from the performance of a strategy shorting the first maturity after the closest harvest (denoted F1), while buying the first maturity after the second closest harvest (F2) 2 :

I (t) = Π i≤t-∆t � 1 + F2 i+∆t -F2 i F2 i - F1 i+∆t -F1 i F1 i � (4.1)
Due to a lack of data for long-dated maturities for a number of commodities, we will define F1 as the prompt-month contract and F2 as the contract whose delivery is precisely one year after F1 . In the robustness test section, we will use alternative contracts F1 and F2 (spot vs first-nearby, first-nearby vs second-nearby spreads).

We are interested specifically in the inventory shock between two dates t and t-1, defined as

∆I (t) = I (t) -I (t -1)
, the inventory proxy difference of two dates can measure the market condition: ∆I (t) > 0 for an increase, ∆I (t) < 0 for a decrease in inventory projections.

As will be shown in the robustness tests section, this smooth inventory shock proxy is highly correlated with USDA stock-to-use revisions for corn, soybean and wheat. For non-storable commodities, such as feeder cattle, lean hogs and live cattle, the defined "inventory proxy" may not be interpreted any longer as a measure of inventory shocks, but rather as a measure of the oneyear-ahead expected spot price variation. In this case, only the impact of commodity index funds on the futures price term structure will be highlighted.

Three variables are included as control variables in the regressions of inventory proxy on index flows: interest rate, dollar index and hedging pressure.

Interest Rate

Since interest rates determine the cost of carrying forward a commodity, a positive correlation between interest rate changes and inventory shock is expected. Six months government bill rate is chosen in our case.

Dollar index

Most commodities are quoted in US dollars. A dollar depreciation induces an upward pressure on the dollar-libeled price since, everything else equal, commodities become cheaper for investors outside the US. In this paper, we use as a proxy for the value of the US dollar, the so-called "Dollar Index", defined as the value of the US dollar against a trade-weighted basket of other currencies. While a negative relation is expected between dollar index and commodities' price in dollars, it is harder to build a conjecture on the correlation of dollar index to inventory/term structure shocks.

Hedging Pressure

Hedging pressure is considered as a measure of risk premium, which can be referred to the net demand for long positions from hedgers in futures markets. [START_REF] Keynes | A treatise on money[END_REF] points out that risk aversion of inventory holders and producers induces 'normal backwardation', i.e. futures prices below the expected spot prices at maturity. Therefore, hedging pressure from sellers of futures contracts tends to push the term structure towards backwardation. The traditional measure of hedging pressure is Hedging Pressure = Long Hedge Positions -Short Hedge Positions T otal Hedge Positions (4.2)

In this paper, long (short) hedge positions are the long (short) aggregate commercial positions in futures markets. Since a long demand from hedgers results in a buying pressure on paper contracts relative to the spot market, we expect hedging pressure to increase the contango of the curve, hence to have a positive impact on our inventory proxy.

Commodity Index funds

The two most popular commodity indexes are the GSCI (Goldman Sachs Commodity Index) and the DJ-UBS (Dow Jones-UBS Commodity Index). The GSCI contains 24 commodities nearby futures contracts from several commodity sectors: energy products, industrial metals, agricultural products, livestock products and precious metals. The index rolls the positions every month from fifth to ninth trading days, at a pace of 20% per day. Agriculture weighs about 10% and livestock 3.1% in the index. DJ-UBS includes 20 commodities futures contracts, where agricultural weighs about 30% and livestock 6%. The 12 agricultural and livestock contracts used in this paper are the ones included in these two major commodity indexes. COT report provides only weekly data about index funds positions; as a result, all the variables considered in this paper are computed between the days of publication of the CFTC COT report (every Thursday).

Empirical Analysis 1) Inventory proxy and index funds flows

To estimate the impact of index flows on inventories, we perform a simple linear regression of inventory proxy changes on index funds flows, while including the aforementioned control variables:

∆I nventory Proxy i,t = α+Σ

P i n=0 β m ∆Inventory Proxy i,t-m +Σ q i n=0 γ n x j,t-n +Σ K κ=0 δ κ I ndex Flows i,t-κ +� i,t (4. 
3) Parameters α, β 0 ....β p , γ 0 ....γ n , δ 0 ....δ k are estimated using standard OLS for every commodity i. The index j refers to the control variables: x j,t-n = (∆interest rate, ∆dollar index, ∆hedging pressure).

The empirical estimation is conducted as follows: Firstly, lag numbers p and q are chosen according to the Akaike (AIC) and Bayes (BIC) information criteria 3 . Meanwhile, the lag variables with non-significant coefficients are removed for the sake of robustness. All the other regressions in this paper use the similar estimation methodology.

a) The results of regression (4.3) are reported in Table 4.1. Weekly observations are used, ranging from January 2006 to December 2014. The first regression uses the individual index funds from the COT report as a measure of agricultural commodity index funds flows. Interest rates and dollar variations do not have a significant impact on the term structure, except for lean hogs. Hedging pressure, which can be interpreted as the pressure from long hedging positions, enters with a positive sign in most cases. The only cases where a significant negative impact of hedging pressure is found are the ones of soybeans and feeder cattle.

The coefficients of commodity index traders' flows (denoted CITF) on the inventory proxy are positive and significant at the 10% level only for cocoa and sugar markets. Hence, we have evidence that index funds inflows actually increase the "contango" only for two commodities out of the twelve considered. This finding may be explained by the fact that demand and supply elasticity is relatively higher in cocoa and sugar markets, so that market participants expect supply and demand to promptly adjust to a price increase caused by unwarranted speculative activity. This in turn results in higher expected inventories. However for other commodities, this effect is found to be insignificant. We find a case of negative impact of index flows on calendar spreads for a non-storable commodity (live cattle). In this case, however, the calendar spread may not be interpreted as an "inventory proxy" but rather as an estimate of the futures term premium (expected spot price appreciation plus risk premium).

Overall, the results displayed in Table 4.1 lend little support to the hypothesis that index funds modify commodities' term structure or inventories. b) In this section, we replace the individual commodity index funds flows with ETF flows and aggregate agricultural index flows. "ETF flows" correspond to index speculators investing in the three main ETF tracking generalist commodity indices: Goldman Sachs Commodity Index, Bloomberg Commodity Index, (formerly called Dow-Jones UBS Commodity Index), and Deutsche Bank Commodity Index. "CITF Total" is defined as the net aggregate index flow over the 12 agricultural commodities monitored by the CFTC. The ETF variable is clearly the most exogenous since agricultural commodities represent only a small part of the GSCI or the DJ-UBS indices, which have much higher correlation to energy markets than to agricultural commodities (Guilleminot, Ohana, J.J, Ohana, S., 2014). However, this variable only captures a small (liquid) component of the total index funds' activity, hence the choice to include as well the variable CITF Total. The ETF data only start in July 2006. ETF flows on the three indices4 between t-1 and t are defined as:

Flows t,t-1 = Σ 3 i=3 ET F Price i t � shares i t -shares i t-1 � (4.4)
where share i t refer to the total number of ETF shares issued for the i-th (i=1,2,3) ETF at date t. The results are displayed in Tables 4.2 and 4.3. ETF flows are found to have a significant lagged impact on inventory changes only for soybeans and cocoa but the direction of the impact is negative in the former case. Finally, when using aggregate commodity index funds to capture index investment, index flows only impact the soybeans inventory proxy. We have already detected a positive impact of individual index flows on cocoa and sugar inventory proxies.

By summarizing the results of the three different regressions (using alternatively individual commodity index flows, ETF flows and Total commodity index flows to capture index flows), a conclusive effect of index funds on inventory proxy is found only for sugar, cocoa and soybean. We find some weak evidence of a negative impact for live cattle (for which the calendar spread may not be considered as an inventory proxy) and no clear evidence of an impact for the other nine agricultural commodities. Hence, we conclude that index funds have little influence on agricultural commodities' term structure.

2) Index funds and futures prices

We turn to the relationship between index funds and futures prices returns. Most previous literature finds that there is significant relationship between commodity index positions and agricultural futures prices. We check again this insight by using a regression framework very similar to the one above but using instead futures prices returns as the dependent variable:

Futures Return i,t = α +Σ p i m=0 β m ∆Inventory proxy i,t-m +Σ q i n=0 γ n x j,t-n +Σ K κ=0 δ κ I ndex f lows i,t-κ +� i,t (4.5) 
Futures prices returns are computed from the "rolled futures prices series", which have the property to be continuous just after the first-nearby ceases trading (Guilleminot, Ohana, J.J, Ohana, S., 2014). Rolling futures prices are defined as:

P t = Π i≤t-∆t � 1 + F1 i+∆t -F1 i F1 i

�

, with F1 the prices of the first-nearby contract.The "rolled futures return" is in turn computed by: P t -P t-1 P t-1 .

Rolling futures price is actually the performance of a strategy longing the first-nearby contract (the notional position being kept constant at 1 dollar and rolling over this long position whenever the first-nearby ceases trading). The control variables are the same as before, except that we now include the inventory proxy as a supplementary control variable. As before, three index funds variables (individual commodity index flows, ETF flows and Total commodity index flows) are successively tested (the results being reported in Tables 4.4,4.5 and 4.6).

Hedging pressure has in most cases a significant positive relation to the futures prices returns, which is intuitive, as a demand for long futures positions from hedgers is due to exert a positive pressure on futures prices. Dollar index and interest rate have a non-significant impact, except in the CBOT wheat market, where their impact is significantly negative (as higher rates imply higher dollar and reinforce the attractiveness of bonds at the expense of real assets).

Inventory proxy enters in most cases with a negative sign, as could be expected since an inventory increase (resp. decrease) commands a price decrease (resp. rise) to alleviate the supply glut (resp. the supply shortage). However, for non-storable commodities (animal products), the inventory proxy has a different interpretation, hence the inconsistent signs observed for the impact of the inventory proxy.

We observe a significant effect of index funds on futures prices for a significant number of commodities. Coffee, Cotton are impacted in three specifications; cocoa, lean hogs, soybean, soybean oil are impacted in two specifications out of three; sugar, feeder cattle and CBOT wheat are impacted in one specification only. Finally, live cattle, corn and Kansas wheat are not impacted in any of the three specifications. The effects are the largest when using aggregated index flows as a proxy for index investment. In the case of ETF flows, the impact is significant only for coffee, cotton, soybeans and soybean oil.

3) Empirical results and Theoretical debate

From the previous analysis, we draw two conclusions. On the one hand, index funds impact the futures prices of a significant number of commodities: coffee, cotton, cocoa, lean hogs, soybeans and soybean oil exhibit the clearest evidence of impact. On the other hand, we find little evidence of an impact of index funds on inventory: such impact is found only in the sugar, cocoa and soybean markets. There is therefore little evidence of a joint effect of index funds flows on both futures prices and inventory.

The observations lend support to the hypothesis of (Pierru & Babusiaux, 2010): uninformed speculative activity might influence commodities futures prices but not necessarily through the channel of inventory. Index funds can distort futures prices without stockpiling as a signature. These results are in line with previous empirical literature on the oil market (see Lombardi & Robays, 2011 and Hamilton, 2009 in particular).

Robustness Analysis

In this section, we carry out four different robustness tests of the previous analysis.

1) Longer horizon (Data Frequency)

Due to the price inelasticity of supply and demand of agricultural commodities, it is possible that inventory reacts with a time lag of a few weeks to an abnormal price change in the paper market.

For this purpose, we apply the same regression analysis by using bi-monthly and monthly data instead of weekly data. In the bi-monthly regression, observations are made every other Thursday. In the monthly specification, observations are made at the last trading day of each month.

In Table 4.7, 4.8, 4.9 and 4.10, For the sake of clarity, we report only with a blue color the commodities for which a significant positive impact is found at the 10% level (indicating if the impact is negative). Although the price elasticity of supply and demand increases at bi-monthly or monthly frequency, the impact of index funds on inventory is still small. At the bi-monthly frequency, the commodities whose inventory proxy is positively impacted by index flows are sugar (using individual index flows), soybeans (using ETF flows) and lean hogs (using aggregate index flows). We note that, for these three commodities, the impact is found in only one model specification. At the monthly level, we find again sugar in the list of commodities whose term structure is impacted. Live cattle and corn newly appear in respectively one and two specifications out of three, the former with a lag of one month. At both frequencies, there is again little evidence of a joint impact of index flows on prices and inventories. When using lower frequency data, the impact on futures prices subsides, which suggests that prices revert to an equilibrium after being pushed away from their fundamental value by uninformed speculative flows in the short term.

2 Index funds have more impact on the inventory proxy from 2006 to 2008. Again, it is rare to find evidence of simultaneous impact of index funds on prices and inventory proxy: this happens only:

-for coffee and corn in the first period -for feeder cattle (an unstorable commodity) and soybean oil in the third period And no simultaneous effect observed in the forth period. Therefore, our observations lend support again to the argument made by [START_REF] Babusiaux | Speculation without oil stockpiling as a signature : a dyanmic perspective[END_REF].

3) Non-agricultural commodities

One of the possible explanations of our results lies on price-inelasticity of supply and demand functions in agricultural markets. Indeed, most agricultural commodities are non-substitutable products with very limited supply flexibility. The case may be different for non-agricultural commodities, whose supply and demand are more price elastic. For this purpose, we choose seven non-agricultural commodities: Aluminum, Brent, Copper, Gold, Nickel, Silver and Zinc. Since CFTC index flows data are not reliable for non-agricultural commodity, we use ETF data as an indicator of commodity index funds. We are aware of a potential endogeneity problem, in particular when assessing the impact of ETF flows on energy prices, as ETF investors may be partially driven by the oil prices. Table 4.19,4.20 show the results of CITF-inventory and CITF-futures returns regressions on weekly, bi-monthly and monthly data. None of the energy or metal commodities exhibit an impact of ETF flows on the inventory proxy. However, ETF flows do have an impact on futures prices, which subsides again when the data frequency decreases. Overall, our results suggest that index funds flows have a significant short-term impact on commodities' futures prices but that this impact does not go through inventory changes. These find-ings are consistent with our previous results on agricultural commodities and previous studies on the oil market.

4) Additional robustness tests on corn, soybean and wheat markets

In this last section, we report additional tests using inventories estimations from USDA monthly reports and alternative calendar spreads that could serve as inventory proxies. All these supplementary tests apply to three US grain markets only: corn, soybean and wheat. Regarding USDA inventories data, we use the monthly USDA (WASDE) Stock-to-Use projections at the end of the current or following marketing year. For example, in the case of corn and soybeans, from May to August (resp. September to April), the projections concern the residual stock-to-use at the end of the following (resp. current) marketing year. As regards alternative inventory proxies, we use the first to second-nearby contracts calendar spreads and the spread between spot and first-nearby contract prices. Lastly, we reexamine the question of the price impact of index flows by considering grain (US Gulf) spot prices instead of first-nearby paper contracts at the CBOT or KCBT.

Correlation between inventory proxy and stock-to-use

In Table 4.21 ,we observe that the relation between stock-to-use and one-year-distance calendar spread is significantly positive for the three grain markets. The relation between the stock-to-use and the second to first-nearby calendar spread is significantly positive only for corn and soybeans. Finally, the relation between the stock-to-use and the first-nearby to spot prices calendar spread is positive only for corn but not significantly. Therefore, the one-year-distance calendar spread appears as the best inventory proxy in the three considered grain markets. Impact of index flows on USDA inventory data and on alternative calendar spreads From table 4.22 to 4.24, Index flows do not have any significant impact on the second to firstnearby calendar spread. However, in Table 4.22, an impact of index flows on the spot to firstnearby calendar spread is found on the wheat and corn markets, using the two CFTC flows data in the former case and ETF flows in the latter case. These impacts persist at the bi-monthly frequency but vanish at the monthly time horizon (Table 4.24). However, direct regressions of monthly stock-to-use revisions on index flows do not lend support to the hypothesis of an impact of index flows on inventories (Table 4.25). In addition, corn and wheat one-year-distance calendar spreads (which are better inventory proxies than the first-nearby to spot calendar spread) are not impacted by index flows (Tables 4.1 to 4.3). Hence, the impact of index flows on the first-nearby to spot calendar spread may be interpreted as a distortion of the term structure induced by index investors' activity on the first-nearby contract rather than the reflection of an effect of index flows on inventories. Impact of index flows on the spot price We lastly examine the impact of index flows on the spot prices in the three considered grain markets (Table 4.26). Aggregate index flows are found to significantly impact the three grain spot prices. However, ETF flows only impact the soybeans spot market. As regards individual index flows, they have a contemporaneous positive impact and a lagged negative impact on the grain spot prices, which suggests the presence of an abnormal contemporaneous price impact of index flows followed by a correction. Again, the impact recedes on longer time horizons.

Conclusion

Commodity index speculation has garnered a particular attention in the debate concerning the financialization of commodity markets. Motivated by the debate on the channel of the impact of index funds activities on commodities' prices, this paper investigates the influence of index flows on inventories. We have studied the impact of index funds on an inventory proxy constructed as a futures calendar spread, after controlling for lagged inventory proxy variations and the different factors driving commodities' term structure.

Our results can be summarized as follows. Firstly, index funds impact the inventory proxy only for three agricultural commodities (cocoa, sugar and soybean). However, an impact of index funds on the futures prices is found for a significant number of commodities. These empirical results support the theoretical hypothesis of (Pierru & Babusiaux, 2010) that index funds flows may have a direct impact on the futures prices that does not need to transit through inventories. Our empirical conclusions are robust to the use of two other index funds indicators, namely flows on the three main generalist commodity ETFs and aggregate index flows on the twelve agricultural contracts monitored by the CFTC. Secondly, according to some additional tests, the impact on the futures prices is observed only on the short term, since, when running the regression on bi-monthly or monthly observations, the influence of index flows on futures prices fades out.

Similarly to agricultural commodities, the futures prices of non-agricultural commodities are impacted by index flows but not their inventory proxy. Again, the effect of index funds on the prices recedes when the time distance between observations is more than one week. We conclude from this additional test that the absence of impact of index flows on inventories is not a specific property of agricultural markets (which could be linked to the particular price inelasticity of the supply and demand of agricultural products).

Additional robustness tests, performed on corn, wheat and soybeans markets, using alternative inventory proxies and US Gulf spot prices, uncover an impact of index flows on the first-nearby to spot prices calendar spread in the corn and wheat markets. However, there is no clear evidence supporting the impact of index flows on inventories.

As a conclusion, in commodities markets, index speculation can influence the futures prices without stockpiling as a signature. There are two implications of this result. First, it sheds light on the price formation mechanisms in spot and paper commodity markets. We now have strong evidence that spot and futures prices may be influenced by factors that are purely exogenous to the physical supply and demand conditions in commodity markets and that this impact does not even need to go through physical forces in the spot market. This calls for the introduction of new models where commodities' spot and futures prices are driven in a direct line by speculative activity in the paper markets. Second, from a regulatory perspective, the evidence that commodity index funds impact futures prices at the weekly horizon but not at longer time scales suggests a certain short-term inefficiency of commodities markets, as informed traders seem to take a certain time to correct the artificial price moves induced by uninformed speculators. 

q i n=0 γ n x i,t-n + Σ K κ=0 δ κ Index Flows i,t-κ + � i,t
CITF refers to the ratio of weekly index flows to lagged Open Interest for commodity i in week t from the CFTC Supplemental Report, and CITF(-1) is its lagged value.

∆Inventory proxy i ,t refers to inventory shock for commodity i in week t. The inventory proxy is obtained from the cumulative return of a strategy shorting the first-nearby futures contracts and longing the futures contract delivering one year after the first-nearby contract. ∆Inventory proxy i is computed as the return of the above strategy between two consecutive dates of the CFTC supplemental report.

The control variables X i ,tn = (∆r, ∆Dollar, ∆HP)). ∆r is the return in the six-month government bill rate. ∆Dollar represents the dollar index return. ∆HP refers to the change in hedging pressure, which is calculated from variation of the ratio of difference between long and short hedging position (commercial position) in futures markets to the aggregate hedging position. 

q i n=0 γ n x i,t-n + Σ K κ=0 δ κ ET F Flows i,t-κ + � i,t
ET F f lows t denotes the net weekly inflows into the three ETF tracking generalist commodity indices: Goldman Sachs Commodity Index, Bloomberg Commodity Index, and Deutsche Bank Commodity Index in week t, and ETF (-1) is the lagged value.

∆Inventory proxy i ,t refers to inventory shock for commodity i in week t. The inventory proxy is obtained from the cumulative return of a strategy shorting the first-nearby futures contracts and longing the futures contract delivering one year after the first-nearby contract. ∆Inventory proxy i is computed as the return of the above strategy between two consecutive dates of the CFTC supplemental report.

The control variables X i ,tn = (∆r, ∆Dollar, ∆HP)). ∆r is the return in the six-month government bill rate. ∆Dollar represents the dollar index return.∆HP refers to the change in hedging pressure, which is calculated from variation of the ratio of difference between long and short hedging position (commercial position) in futures markets to the aggregate hedging position. 
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CIT F total t is the ratio of aggregate index flows to aggregate open interests for the 12 agricultural commodities monitored by the CFTC Supplemental Report.

∆Inventory proxy i ,t refers to inventory shock for commodity i in week t. The inventory proxy is obtained from the cumulative return of a strategy shorting the first-nearby futures contracts and longing the futures contract delivering one year after the first-nearby contract. ∆Inventory proxy i is computed as the return of the above strategy between two consecutive dates of the CFTC supplemental report.

The control variables X i ,tn = (∆r, ∆Dollar, ∆HP)). ∆r is the return in the six-month government bill rate. ∆Dollar represents the dollar index return.∆HP refers to the change in hedging pressure, which is calculated from variation of the ratio of difference between long and short hedging position (commercial position) in futures markets to the aggregate hedging position. 

Futures Return i,t = α + Σ p i m=0 β m ∆Inventory proxy i,t-m + Σ q i n=0 γ n x j,t-n + Σ K κ=0 δ κ Index f lows i,t-κ + � i,t
∆Futures returns i ,t represents the return of the rolled futures prices series of commodity i in week t.

CIT F i refers to the ratio of weekly index flows to lagged Open Interest for commodity i in week t from the CFTC Supplemental Report, and CITF(-1) is its lagged value. The control variables X i ,tn = (∆r, ∆Dollar, ∆HP)). ∆r is the return in the six-month government bill rate.∆Dollar represents the dollar index return. ∆HP refers to the change in hedging pressure, which is calculated from variation of the ratio of difference between long and short hedging position (commercial position) in futures markets to the aggregate hedging position. , ∆Inventory proxy i refers to inventory shock for commodity i in week t. The inventory proxy is obtained from the cumulative return of a strategy shorting the first-nearby futures contracts and longing the futures contract delivering one year after the first-nearby contract. ∆Inventory proxy i is computed as the return of the above strategy between two consecutive dates of the CFTC supplemental report.

The number of lag for CITF is chosen according to the AIC/BIC and the co-correlation test. 

Futures Return i,t = α + Σ p i m=0 β m ∆Inventory proxy i,t-m + Σ q i n=0 γ n x j,t-n + Σ K κ=0 δ κ ET F i,t-κ + � i,t
∆Futures returns i ,t represents the return of the rolled futures prices series of commodity i in week t.

ET F f lows t denotes the net weekly inflows into the three ETF tracking generalist commodity indices: Goldman Sachs Commodity Index, Bloomberg Commodity Index, and Deutsche Bank Commodity Index in week t, and ETF (-1) is the lagged value.

The control variables X i ,tn = (∆r, ∆Dollar, ∆HP)). ∆r is the return in the six-month government bill rate.∆Dollar represents the dollar index return. ∆HP refers to the change in hedging pressure, which is calculated from variation of the ratio of difference between long and short hedging position (commercial position) in futures markets to the aggregate hedging position. , ∆Inventory proxy i refers to inventory shock for commodity i in week t. The inventory proxy is obtained from the cumulative return of a strategy shorting the first-nearby futures contracts and longing the futures contract delivering one year after the first-nearby contract. ∆Inventory proxy i is computed as the return of the above strategy between two consecutive dates of the CFTC supplemental report.

The number of lag for ETF flows is chosen according to the AIC/BIC and the co-correlation test. 

Futures Return i,t = α + Σ p i m=0 β m ∆Inventory proxy i,t-m + Σ q i n=0 γ n x j,t-n + Σ K κ=0 δ κ CIT F T otal i,t-κ + � i,t
∆Futures returns i ,t represents the return of the rolled futures prices series of commodity i in week t.

CIT F T otal t is the ratio of aggregate index flows to aggregate open interests for the 12 agricultural commodities monitored by the CFTC Supplemental Report.

The control variables X i ,tn = (∆r, ∆Dollar, ∆HP)). ∆r is the return in the six-month government bill rate.∆Dollar represents the dollar index return. ∆HP refers to the change in hedging pressure, which is calculated from variation of the ratio of difference between long and short hedging position (commercial position) in futures markets to the aggregate hedging position. , ∆Inventory proxy i refers to inventory shock for commodity i in week t. The inventory proxy is obtained from the cumulative return of a strategy shorting the first-nearby futures contracts and longing the futures contract delivering one year after the first-nearby contract. ∆Inventory proxy i is computed as the return of the above strategy between two consecutive dates of the CFTC supplemental report.

The number of lag for CITF Total is chosen according to the AIC/BIC and the co-correlation test. ). The retained significance threshold is the 90% level.

Both the impact of contemporaneous flows (lag=0) and lagged flows (-1) (lag=1) are reported. Sign -refers to the negative identified relation. The sign is positive unless otherwise reported.

Three index indicators are used: CITF is the net weekly index flows divided by lagged Open Interest for individual commodities; ETF refers to the inflows into the three ETF tracking generalist commodity indices; and CITF total represents the ratio of weekly net aggregate index flows to lagged aggregate open interests for the 12 agricultural commodities. The inventory proxy is obtained from the cumulative return of a strategy shorting the first-nearby futures contracts and longing the futures contract delivering one year after the first-nearby contract. Inventory proxy i is computed as the return of the above strategy between two consecutive dates of the CFTC supplemental report. Return represents the return of the rolled futures prices series for each individual commodity. Prices and flows are observed every other Thursday (day of the week where the CFTC Supplemental data is published). ). The retained significance threshold is the 90% level. Both the impact of contemporaneous flows (lag=0) and lagged flows (-1) (lag=1) are reported. Sign -refers to the negative identified relation. The sign is positive unless otherwise reported.

Three index flows indicators are used: CITF is the net weekly index flows divided by lagged Open Interest for individual commodities (from the CFTC Supplemental Report); ETF refers to the inflows into the three ETF tracking generalist commodity indices; and CITF total represents the ratio of weekly net aggregate index flows to lagged aggregate open interests across the 12 agricultural commodities monitored by the CFTC Supplemental Report. The inventory proxy is obtained from the cumulative return of a strategy shorting the first-nearby futures contracts and longing the futures contract delivering one year after the first-nearby contract. Inventory proxy i is computed as the return of the above strategy between two the last trading dates of each month.

Return represents the return of the rolled futures prices series for each individual commodity. Prices and flows are observed at the last trading day of each month. ). The retained significance threshold is the 90% level. Both the impact of contemporaneous flows (lag=0) and lagged flows (-1) (lag=1) are reported. Sign -refers to the negative identified relation. The sign is positive unless otherwise reported. Three index flows indicators are used: CITF is the net weekly index flows divided by lagged Open Interest for individual commodities; ETF refers to the inflows into the three ETF tracking generalist commodity indices; and CITF total represents the ratio of net weekly aggregate index flows to lagged aggregate open interests across the 12 agricultural commodities monitored by the CFTC Supplemental Report. The inventory proxy is obtained from the cumulative return of a strategy shorting the first-nearby futures contracts and longing the futures contract delivering one year after the first-nearby contract. Inventory proxy i is computed as the return of the above strategy between two consecutive dates of the CFTC supplemental report. Return represents the return of the rolled futures prices series for each individual commodity. Both the impact of contemporaneous flows (lag=0) and lagged flows (-1) (lag=1) are reported. Sign -refers to the negative identified relation. The sign is positive unless otherwise reported.

As index flows data is not available for non-agricultural commodities, only one specification using ETF flows is used.

ETF refers to the inflows into the three ETF tracking generalist commodity indices.

The inventory proxy is obtained from the cumulative return of a strategy shorting the first-nearby futures contracts and longing the futures contract delivering one year after the first-nearby contract. Inventory proxy i is computed as the return of the above strategy between two consecutive releasing dates of the CFTC report (weekly specification), between or between the last trading dates of each month (monthly specification).

Return represents the return of the rolled futures pries of every commodity.

The analysis is conducted with data ranging from 2006 to 2014 and successively uses alternatively weekly, bi-monthly or month data.

For the weekly specification, we observe data every Thursday (releasing date of the CFTC report). For the bi-monthly specification, we observe data every other Thursday, and for the monthly specification, the last Thursday of every month. Note: This table reports the correlation coefficient between monthly calendar spreads changes and monthly stock-to-use revisions (from the USDA WASDE report) for corn, soybean and wheat. From May to August, the data refer to ending inventory and consumption estimates for the following campaign. From September to April, the data refer to the ending inventory and consumption estimations for the current campaign.

Three different spreading strategies are considered: 1) The inventory proxy using the first-nearby and spot prices is obtained from the return of a strategy longing the first-nearby futures contracts and shorting the spot price.

2) The inventory proxy using first and second nearby futures prices is calculated from the return of a strategy longing the second-nearby futures contracts and shorting the first-nearby futures contracts.

3) The inventory proxy with one-year distance contracts is obtained from return of a strategy longing the shorting the first-nearby futures contract and longing the contract delivering exactly one year after the first-nearby contract.

The correlation is calculated based on the monthly variations of the stock-to-use ratio and the monthly returns of the different spreading strategies from 2006 to 2014.

The number in parenthesis is the p-value of the test of significance of the correlation coefficient. 

∆Inventory proxy i,t = α + Σ p i m=0 β m ∆Inventory proxy i,t-m + Σ q i n=0 γ n x j,t-n + Σ K κ=0 δ κ Index f lows i,t-κ + � i,t
∆Inventory proxy i ,t refers to inventory shock for commodity i in week t. The inventory proxy is obtained from the cumulative return of a strategy shorting the first-nearby futures contracts and longing the futures contract delivering one year after the first-nearby contract. ∆Inventory proxy i is computed as the return of the above strategy between two consecutive dates of the CFTC supplemental report. The control variables X i , tn = (∆r, ∆Dollar, ∆HP) . ∆r is the return in the six-month government bill rate. ∆Dollar represents the dollar index return. ∆HP refers to the change in hedging pressure, which is calculated from variation of the ratio of difference between long and short hedging position (commercial position) in futures markets to the aggregate hedging position.

Three specifications of index flows are used: CITF is the net weekly index flows for individual commodities (CFTC Supplemental Report); ETF refers to the index flows into the three main ETF tracking generalist commodity indices; and CITF total represents the ratio of aggregate index flows to aggregate lagged open interests across the 12 agricultural commodities.

The number of lag is chosen according to the AIC/BIC. Weekly data from 2006 to 2014 are used. Both coefficient and P-value are presented in the table. (*** significant at 1%, ** significant at 5Allvariablesarestandardized.

N umberof observations : 417

This table (M1-Spot), the dependent variable is the difference in return between first-nearby rolled futures prices series and spot prices.

In the following table 4.23 (M2-M1), the dependent variable is the difference in return between second-nearby and first-nearby rolled futures prices series. 

∆stock -to -use t = α + βIndexf lows i,t + ε t
Stock-to-use ratio is the ratio of inventory to total use, taken from the monthly USDA WASDE report. From May to August, the data refer to ending inventory and consumption estimates for the following campaign. From September to April, the data refer to the ending inventory and consumption estimations for the current campaign. 

Futures Return i,t = α + Σ p i m=0 β m ∆Inventory proxy i,t-m + Σ q i n=0 γ n x j,t-n + Σ K κ=0 δ κ Index f lows i,t-κ + � i,t
∆Pricesreturn i,t ,t represents the return of the rolled futures prices series of commodity i in week t.

The control variables X i ,tn = (∆r, ∆Dollar, ∆HP)). ∆r is the return in the six-month government bill rate.∆Dollar represents the dollar index return. ∆HP refers to the change in hedging pressure, which is calculated from variation of the ratio of difference between long and short hedging position (commercial position) in futures markets to the aggregate hedging position. , ∆Inventory proxy i refers to inventory shock for commodity i in week t. The inventory proxy is obtained from the cumulative return of a strategy shorting the first-nearby futures contracts and longing the futures contract delivering one year after the first-nearby contract. ∆Inventory proxy i is computed as the return of the above strategy between two consecutive dates of the CFTC supplemental report. Three specifications of index flows are used: CITF is the net weekly index flows for individual commodities (CFTC Supplemental Report); ETF refers to the index flows into the three main ETF tracking generalist commodity indices;

and CITF total represents the ratio of aggregate index flows to aggregate lagged open interests across the 12 agricultural commodities.

The number of lag for CITF is chosen according to the AIC/BIC and the co-correlation test. 

Introduction

Commodities prices have sharply increased from March 2009 to the beginning of 2011, on the back of an exceptionally accommodative monetary policy from the Federal Reserve. Supply and demand fundamentals are probably insufficient to explain this commodities' boom. As a matter of fact, the development of index investing has drastically modified the nature and the motivations of investors in commodities paper markets. Monetary policy, the problematic of inflation hedging and global liquidity conditions in the financial system are now part of what commodity investors look at when making their decisions.

The interaction between commodities prices and monetary policy works both ways. On the one hand, [START_REF] Garner | Commodity prices: Policy target or information variable?[END_REF] proposes that commodity prices might be a policy target or information variable. Commodity prices contain useful information for future prices movements. As a result, commodity prices determine the Federal Reserve monetary policy.

On the other hand, the Federal Reserve can intervene in the commodity markets directly or indirectly, through the setting of its policy rate, through its unconventional monetary policies (Quantitative Easing in particular), and lastly through controlling the activities of financial institutions who usually take a large stake in commodities markets 1 . The Federal Reserve's interest rate policy impacts commodities prices through different channels, outlined in Frankel (2006). Firstly, changes in the short-term rate modify the production and storage incentives given to commodity players (an increase in the short-term rate prompts players to destore and produce, resulting in an increase in the short-term supply and a drop in the spot prices). Secondly, short-term rates determine the relative attractiveness of fixed income assets relative to physical assets (an increase in the short-term rate increases, everything else equal, the attractiveness of bonds at the expense of real assets).

In recent years there has been a great amount of work furthering the understanding of the bi-directional interaction between monetary policies and commodity markets. Previous work has examined in particular the relationships between monetary policy variables, such as the interest rate (Gospodinov & Jamali, 2013), the exchange rate or the money supply, and commodity prices. (Anzuini, Lombardi, & Pagano, 2013) find that a monetary policy shock measured by a reduction in the federal funds rate leads to an increase in the commodity price index. (Browne Cronin, 2010) show that commodity prices are proportional to the money supply in the long run and equilibrium relationship exists between commodity prices and money supply. [START_REF] Glick | Central bank announcement of asset purchases and the impact on global financial and commodity markets[END_REF] indicate that, in response to the monetary announcements, long-term interest rate falls, U.S. dollar depreciates and commodities prices decline. However, negative monetary policy surprises result in a joint increase of long-term yields, dollar index and commodities prices. Previous studies may differ in their conclusions due to the differences in methodology and data sample used.

To avoid the problem of endogeneity in the relationship between commodity prices and monetary policy, we use an event-study methodology. Unlike previous event-study approaches to monetary policy announcements, we characterize the "monetary surprise" as the unexpected event-day change in three key financial variables impacted by the Fed's monetary policy: dollar index, forward interest rates and swap inflation rates. In a context of zero interest rate policy (ZIRP), these variables better capture monetary surprise than the surprise change in the target rate, which is the traditional measure used in the literature, After identifying unexpected monetary policy events, we explore the effect of monetary policy on commodity prices (global GSCI Index and three sectoral commodity indices).

The key findings can be summarized as follows. Firstly, only monetary policy surprises captured by the dollar exchange rate and the swap inflation rate impact commodities prices, the role of forward interest rate surprises being not significant. Second, a negative central bank announcement has an instantaneous as well as delayed effect on commodity prices, which display a decreasing trend after unexpected negative monetary policy events. Third, commodity markets have become highly sensitive to monetary policy surprises, only from 2006 onwards; before that date, no significant impact is observed. This fact supports the view that commodity markets have entered a process of financialization and integration into broad capital markets from 2006 onwards. Finally, we also investigate the way commodity storers and investors react to unexpected monetary policy shocks (flows into the three main exchange-traded funds (ETF) tracking generalist commodity indices, speculative and index flows as reported by the CFTC), with the result that storers and index investors are largely insensitive and commercial traders sensitive to monetary policy surprises. Instead, we provide evidence in support of the "dollar debasement" channel, whereby commodities prices appreciate in terms of a debased currency in order to maintain their absolute level in terms of major foreign currencies. The remainder of the paper is organized as follows: section 2 presents the theoretical and empirical literature on the relationship between commodity market and monetary policy; section 3 introduces some preliminary salient facts on commodity markets and the Federal Reserve's monetary policy and explains the methodology to capture monetary policy surprises; section 4 presents the results of the regressions of commodity prices on monetary policy surprises; section 5 conducts some robustness tests; section 6 concludes.

Literature on the interaction between commodity prices and monetary policy Theoretical aspects

In a seminal paper, [START_REF] Frankel | Expectations and Commodity Price Dynamics: The overshooting model[END_REF] points out that "macroeconomic policy may be as important a source of fluctuation in agricultural prices as the traditional microeconomic factors". He argues that the exchange rate and the interest rate are the main transmission mechanisms of monetary policy to commodity prices. Based on an overshooting model, Frankel (2006) proposes three channels through which interest rate variations may have an impact on commodities prices: 1. lower interest rates increase the incentive to defer the extraction of depletable commodities, hereby exerting an upward pressure on the prices 2. lower interest rates also increase the incentive to borrow in order to buy the commodity on the spot market and pile up inventories, with the same effect as above on the spot prices 3. lower rates finally reduce the attractiveness of fixed income assets at the benefit of real assets and in particular commodity contracts. In the same vein, Pindyck & Rotemberg (1990) attribute the co-movements of commodity prices to macroeconomic variables such as interest rates, exchange rates etc.

Empirical research

Extensive empirical research exists on the impact of central bank actions on commodity markets. One way to resolve the endogeneity problem in the identification of the impact of central bank policies on commodity markets is the use vector autoregressive regression (VAR). Anzuini, [START_REF] Alessio | The impact of monetary policy shocks on commodity prices[END_REF] investigate the relationship between commodity prices and US monetary policy using standard VAR. They find that a laxer monetary policy increases commodity index prices, but that this impact is of little significance.

Browne & Cronin (2007) support the causal role of money policy in the recent development of the commodity market using a VAR model. The opposite result is found by Thomson & Summers(2012), where they estimate VAR and error-correction models on transformed data to avoid possible problems of unit roots or co-integration in the data and find little evidence of any impact of monetary policy on commodities prices.

Another way to deal with the endogeneity problem is the use of an event-study approach.

Basistha & Kurov (2013) examine the impact of money policy surprises on energy prices using intraday, daily, and monthly data. They find an immediate response of energy prices to the unexpected changes in Federal fund rates, especially in the unscheduled Federal Open Market Committee (FOMC) meeting; and no significant effects within a monthly horizon.

Gospodinov & Jamali (2013) assess the response of commodities prices, convenience yields and trading positions to monetary policy surprises. They find that energy and metal futures prices and traders' positions respond to monetary policy surprises, concluding that the adjustment of the net long positions of hedgers and speculators appears to be a channel through which the monetary policy shocks are propagated to commodity price changes. The Fed's target rate is considered as an important indicator of monetary policies in general; however, in an era of zero interest rate policy (ZIRP), this indicator cannot be used as a consistent indicator of the monetary policy stance. Instead, inflexions in Central Banks' forward guidance or asset purchase programs become the key monetary policy events within a ZIRP context. [START_REF] Glick | Central bank announcement of asset purchases and the impact on global financial and commodity markets[END_REF] focus on the impact of the surprises relative to the Bank of England's and Federal Reserve's asset purchase programs. They measure these surprises through intra-day yield variations (across a large range of maturities) on the event date. They show that positive surprises about these purchases led to lower long-term interest rates and depreciations of the U.S. dollar and the British pound on announcement days, while commodity prices generally declined despite this more stimulative financial environment. They attribute the last surprising result to a signalling effect of monetary policy surprises on the state of the economy, leading investors to downgrade their U.S. growth forecasts and eventually triggering a decline in commodity prices.

Instead of examining the impact on prices, the other strand of empirical research focuses on the influence of monetary policy on prices volatility. Hayo, Kutan, & Neuenkirch (2011)

find an increase in commodity prices volatility due to target rate surprises and unorthodox monetary policy measures, where they identify a "calming" effect of communications during financial crises. And in Batten, Ciner, & Lucey (2010), gold volatility is influenced by macroeconomic determinants, such as the business cycle and the monetary environment, but the results are not the same for other precious metals.

Our paper contributes to the existing literature in three different ways. Firstly, it extends the analysis of monetary policy impacts to the post-crisis period (2008 to 2014), a unique period where commodities markets pursued their process of financialization and the zero interest rate policy got more entrenched. Second, we introduce new measures of monetary policy surprises, using either the dollar index, forward interest rates or swap inflation rates variations on the days of important central bank announcements. This is novel as previous works have focused on unexpected changes of the Fed's policy rate or of the yields of longer maturities, which may prove a restrictive measure in a context of entrenched ZIRP. Finally, our study provides ancillary empirical evidence on the effect of monetary policy shocks on speculators and index traders' position, as well as inventory variations (captured by the changes in the commodities' futures prices term structure). This allows us to shed light on the mechanisms through which monetary policy affects commodity prices.

Preliminary observation

General observation

In the aftermath of the 2008 financial crisis, the Federal Reserve has applied exceptionally accommodative monetary policies. Figure 5.1 and 5.2 display the joint evolution of the S&P GSCI index, the Eurodollar futures prices 2 , the dollar index 3 and inflation swap. The launching dates of three important monetary policy operations are also represented -Quantitative Easing 1 (QE1) on November 25, 2008, QE2 on November 3, 2010, and QE3 on September 12, 2012. However, in most cases, Central Banks give first hints of their intended actions several months before the launching date of the program. The dotted lines in figures refer to dates where web articles start evoking the possibility of a QE program in the near future, hence when investors started incorporating the effect of such programs on the market prices. The visual inspection of the dollar index and the GSCI Index trajectories reveals that dollar commodities prices generally evolve in opposite directions. QE1 seems to have had an immediate depreciating effect on the dollar but only a deferred effect on commodities prices, which bottomed only in the end of the first quarter of the year 2009.

The program seems to have had a durable impact on the prices, which maintain their respective trends up to the fall of 2009. As for QE2, its debasement effect on the dollar and its stimulus effect on commodities prices seem to have been anticipated from the summer 2010 and continue to manifest themselves up to the first quarter of the year 2011. Lastly, the possible impact of QE3 has been largely frontloaded, since the negative dollar trend and the positive GSCI trend, which originated in the summer 2012, stopped when the first hints of the program were announced in the press These effects can be also observed in inflation swap rates, which evolve in sync with S&P GSCI prices. As a conclusion, it seems that the potential impacts of the successive QE programs have been weaker and weaker in terms of size, more and more advanced in terms of timing and less and less durable in terms of impact range. However, the problem of endogeneity makes it impossible to draw firm conclusions on the impact of monetary policy at this level of analysis: there are plenty of variables other than monetary policy that could account for the evolution of commodities prices on the time horizons considered (from a quarter to one year).

Another observation concerns the correlation among the studied variables, including the GSCI return, the Eurodollar futures return, the dollar index return, and the inflation swap return. In Table 5.1, we observe that dollar index has exhibited a significant negative correlation with the GSCI index return after 2005. A significant positive relationship is also found between inflation swap and GSCI returns. The Eurodollar futures return has a positive relation with the GSCI return, which means that commodities prices are negatively correlated with interest rate variations; however, their correlation is not significant according to our t-test. This suggests that commodity prices vary closely with other macroeconomic indicators, although this correlation does not necessarily imply causality.

Observation with unexpected central bank announcements

A failure to distinguish unexpected monetary policy events from other expected announcements may lead us to falsely reject the hypothesis that commodity prices do not react to central bank announcements. Indeed, expected policy changes should be already incorporated into asset prices. Therefore, the first step in this study is to identify unexpected monetary policies. The measure of monetary surprise in this study is different from the standard event-study approaches, which usually measure the unexpected component by the deviation of a realized benchmark variable to its "expected" value. Kilian & Vega (2008) define the "surprise" as the deviation of the realized US macroeconomic fundamentals to the expected data provided by the International Money Market Services. SimilarlyCavallo & Wu (2006) measure an oil supply shock as the difference of the realized inventory to the anticipated level found in the oil sector newspapers. Gospodinov & Jamali (2013) define the monthly policy surprise as the difference between the average federal fund rate and the one-month ahead futures.

In our case, we analyse daily data on the dollar index return in conjunction with the list of monetary policy announcements of the Federal Reserve, which we henceforth refer to as "monetary policy events". The list of monetary policies announcements is found from the Federal Reserve website. An "unexpected announcement" is defined as a monetary announcement date when the dollar index exhibits an "abnormal" change. A change in the dollar index is considered "abnormal" at time t if: The days where dollar indexes satisfy condition (*) but where no Central Bank announcement has been made are likely to have been caused by other types of events.

| Return t -
In different robustness tests, we test an alternative threshold of 1.28 (instead of 1.65) to select "abnormal" changes and replace the dollar index definition of policy surprises with a one applied to US inflation swap rates.

The list of Federal Reserve events are gathered from the monetary announcement dates from 16/09/2008 to 31/12/2014. With the methodology explained above, we found 39 unexpected events, a high proportion of which correspond to the release of Federal Reserve Open Market Committee (FOMC) reports. Another important part of the announcements corresponds to the publication of forecasts relative to the economic growth and inflation in the US. Some others are linked to interest rate forward guidance and other less relevant announcements relate to banking and market regulation4 . Table 5.10 in the appendix gives details on some of the unexpected monetary policy announcements.

Figure 5.3 presents the relationship between GSCI returns and dollar index returns in the whole sample, the unexpected event days being highlighted. In a high number of cases, abnormal dollar index event-day returns coincide with very large GSCI returns in the opposite direction. In particular, four monetary events have been associated with a dollar index decrease and a GSCI increase of about 3 standard deviations or more.

Response of the commodity market to the Federal Reserve monetary policy

The above mentioned selection process of unexpected monetary events allows us to alleviate the endogeneity problem in the assessment of the impact of monetary policy on commodities prices. We conduct an OLS regression of four different commodities indices returns successively on the dollar index, Eurodollar futures prices and inflation swap returns during the selected event dates. The four commodity indices used are the general S&P GSCI, the agricultural GSCI, the industrial metals GSCI, and the energy GSCI. This approach allows us to test the reaction of the commodity market to the unexpected monetary event, and also their sensitivity to the size of the monetary surprise.

Elementary event study

In the elementary event study, we examine the reaction of the main commodities index to the dollar index return and the Eurodollar futures return during the unexpected event days. The model is specified as below:

Y i = α + βreturn i + ε i (5.1) 
With Y i , commodity indexes returns (S&P GSCI, GSCI industrial, GSCI energy and GSCI agriculture); "returns i " refer alternatively to dollar index, Eurodollar futures or inflation swaps returns, as indicated in Table 5.2 for the regression (a), (b), and (c).

When a threshold of 1.65 standard deviations is used to define monetary surprises, we find no evidence of an impact of Eurodollar futures returns on commodities prices, but commodities prices do react to the changes in the dollar index. An increase in 1 standard deviation in the dollar index causes a decrease of about 0.2 standard deviations in the GSCI index. The impact size is similar across different commodity sectors. If a 1.28 threshold is used instead of 1.65, dollar index returns still have a significant impact on commodities prices, the size of the impact being similar to the former case with a threshold of 1.65. No evidence of impact of Eurodollar futures returns on commodity market is found again An expansionary monetary policy aimed at stimulating the economy can therefore boost commodities prices, a channel of this impact being the depreciation of the dollar against other currencies. On the unexpected event days, Eurodollar futures returns do not have a significant impact on the commodity index. However, this fact does not mean that the interest rate may not have any impact on commodity prices in any period since the period under analysis has been characterized by exceptionally low and stable level of rates. Turning to the impact of inflation swaps, the energy index and broad GSCI index with a large weight of energy commodities, are affected by inflation swap returns, but not the agricultural nor the industrial metals prices. However, this phenomenon is not found when using a threshold of 1.28 for the selection of monetary surprises.

Asymmetric and delayed effect

So far we have looked simply at the impact of monetary surprises, as captured by dollar index or inflation swap variations during important monetary announcement dates, on commodities prices. However, the analysis has thus far not taken into account the direction of the monetary surprise (positive or negative). Following an earlier investigation of the commodity markets' asymmetric responses to monetary policy, [START_REF] Glick | Central bank announcement of asset purchases and the impact on global financial and commodity markets[END_REF] show that negative monetary surprises lead to a weak increase in interest rate and commodities prices, and positive surprises have much stronger impact on commodities prices. The research of Gospodinov & Jamali (2013) also shows that commodity groups respond differently to both positive and negative monetary shocks.

Therefore, in this section we are interested in discriminating the impact of positive and negative monetary surprises on commodities prices. Negative events may be defined as those announcement dates when the dollar index abnormally increases, reflecting a more restrictive monetary stance than the one expected before the announcement.

To complement this analysis, we observe the mean and median commodities returns 5 . 10 days before and after the unexpected event: the reaction of commodities prices to monetary surprises may indeed be delayed. We calculate the delayed (resp. advanced) return n days after (resp. before) the event day as:

n days delayed return i = Commodity index price n,i -Commodity index price v,i Commodity index price v,i (5.2) 
With n = the number of days before or after the unexpected announcement; We standardize the obtained returns, expressing them in daily ex ante standard deviations (using again a 250 day window before the event). In each case, we successively compute the mean and median of the delayed/advanced returns across the positive or negative monetary event days to obtain a mean and median price trajectory before and after the event.

The results are presented in Figure 5.4 and 5.5. During positive events, general, metal and energy index prices decrease before the event day, increase immediately on the event day, then decrease again after the event. Agricultural commodities exhibit no evident trend before and after the event but increase as well during the event (as could be expected from the results of Table 5.2). In the case of negative events, the price trend after the event is more pronounced and shared across commodity sectors. A decreasing trend is observed on the 10 days preceding and following the negative unexpected event for all of the commodities indexes.

The negative trend before the monetary surprises suggests that participants have been the most surprised by monetary announcements (positively or negatively) during periods of commodity meltdowns, where the decrease in inflation anticipations and the fear of a liquidity crunch justify a firm response from the Central Bank. In the case of positive monetary surprises, the anticipation built my market participants before the announcement is deceived in the announcement day, but not beyond that date, as the pre-announcement trend resumes afterwards. In the case of negative monetary surprises, the pre-announcement pessimistic mood of market participants is confirmed by the announcement. So in all the cases, the Central Bank's responses to deflationary episodes have tended to confirm the negative market participants' anticipations over the considered horizon. This observation is not necessarily contradictory with the visual impression that the successive Quantitative Easing programs (and in particular QE1 and QE2) have successfully and durably changed the trends of commodities prices (Figure 5.1). Indeed, the horizon of the analysis is one day to two weeks in our framework, as opposed to at least a quarter when the effects of successive QEs are analyzed. Moreover, our framework of analysis mixes extremely significant monetary surprises like the announcements of full-fledged QE with much less significant monetary announcements. Lastly, the changes in the trends of commodities prices observed at the occasion of QE1 and QE2 may be the result of a consistent set of monetary surprises over the course of several weeks or months rather than the effect of one single monetary announcement.

Evidence before 2008

After the fall of Lehman Brothers in September 2008, monetary policy and its impact on the market experienced significant changes. In this section we conduct the same analysis for two distinct periods before the The regression results are reported in Table 5.3 and 5.4. A significant relationship between commodity prices and the dollar index already exists for the period 2005-2008, and the influence is even stronger than after 2008. A one standard deviation negative monetary surprise causes on average a 0.4 standard deviation drop of the GSCI Index. The relationship between the commodity index and the Eurodollar futures return is again inexistent.

The relationship between the broad commodity The relationship between the broad commodity index and the dollar index disappears in the 2000-2005 period, as only the industrial index is sensitive to dollar index changes. The GSCI index and the energy index reacted positively to Eurodollar futures prices returns (hence negatively to surprise forward interest rate variations), a feature which is in line with the impacts of conventional interest rate-based monetary policy on inflation expectations. This conclusion confirms that a breaking point occurred around 2006 as regards the form taken by the Fed's monetary policy and its impact on commodities markets.

To sum up, commodities prices have been negatively correlated with monetary surprises captured by dollar index returns since 2006. Before that date, only a relation between commodities prices and Eurodollar futures returns is found on unexpected monetary announcement dates. In addition, contrary to positive monetary surprises, whose impact is felt the very day of the announcement and is inverted afterwards, negative surprises have a lasting effect on commodity indexes returns, up to 10 days after the announcement.

Additional tests

In this section, we carry out several robustness tests. The first test consists in defining monetary surprises through inflation swaps instead of dollar returns. The second set of tests aim at determining the channels of transmission by which monetary policy impacts commodity prices.

Inflation swap

Barsky & Kilian (2004) argue that monetary policy impacts commodity prices indirectly by its effect on the expected future inflation rate. In Rigobon & Sack (2008), the authors find that twelve macroeconomic variables have prompted a significant reaction in the Eurodollar futures rates. Among these variables, are the dollar exchange rate and the inflation rate. Hence, inflation anticipations are a crucial indicator monitored and regulated by central banks. As a matter of fact, in the list of unexpected monetary announcements reported in Table 5.10, the news concerning prices stability and inflation rate expectations has an important place. In order to assess the robustness of our previous results, we re-estimate regression (5.1) by using the change in the inflation swap rate 6 instead of the dollar index returns on the date of the announcement.

We now find 26 unexpected event days from 09/2008 to 10/2014, which are in most cases identical to those found with the dollar index. We then regress commodities prices returns on monetary surprises (regression (5.1)) on these 26 unexpected event days. As before, monetary surprises are defined alternatively through inflation swap returns, Eurodollar futures returns and dollar index return on the day of the unexpected monetary announcement.

The results, reported in Table 5.5, indicate that the monetary surprises defined through the dollar index keep a significant impact on most commodity indices when unexpected monetary announcements are identified through inflation swaps data. And in this case, monetary surprises defined through the Eurodollar futures returns display a positive impact on the industrial metals commodity index. When monetary surprises are defined through the inflation swap rate, the impact is again found only on the industrial metals and the broad commodity indices.

Testing the transmission channel in agricultural commodities

-Financial investments and inventory channels As noted above, Frankel (1989) proposes three channels through which changes in the interest rate may have an influence on commodity markets. Gospodinov & Jamali, (2013) find an increase in speculating pressure for the metal and energy commodities as the results of expansionary monetary policy but no evidence as regards the storing behaviour. These results are obtained in other markets; see for example, Anzuini, Lombardi, & Pagano (2013) in the oil market (transmission channel of inventory is significant but definitely small) and [START_REF] Glick | Central bank announcement of asset purchases and the impact on global financial and commodity markets[END_REF] in the metal market. In this section, we test whether the transmission channels envisioned in Frankel (1989) may explain the impact of monetary surprises on commodities prices.

The framework of the analysis is the same as above, replacing the commodity prices returns with inventory and investors' investment positions. The measure of investors' behavior uses a weekly report from the US Commodity Futures Trading Commission (CFTC), which gives the weekly positions of commercial, non-commercial, and index investors for 12 agricultural commodities. The behavior of traders is defined by the net long position for each type of trader and of commodities as a percentage of total open interest:

long position in f utures and options i -short positions in f utures and options i Open interest i .

Exchange-traded fund (ETF) flows 7 are also examined. We consider daily investment 7 ETF flow is calculated as:

Flows t,t-1 = Σ 3 i=1 ET FPrice i t � shares i t -shares i t-1 � .
inflows into the three major ETF tracking generalist commodity indices: DBC-US, UJ-UBS, and GSCUS.

As for the inventory data, we compute an investment proxy, as defined in Guilleminot et al. ( 2014), for 12 agricultural commodities. This "inventory proxy" is defined as the performance of a strategy selling the first maturity after the closest harvest and buying the first maturity after the second-closest harvest:

I (t) = Π i≤t-∆t � 1 + F2 i+∆t -F2 F2 i - F1 i+∆t -F1 i F1 i � (5.3)
With F2 the price of the second-closest harvest futures contract. F1 is the price of the closest harvest contract. Inventory in the following study is the averaged inventory across the 12 agricultural commodities monitored in the CFTC Supplemental Report. The "inventory shock" is defined as ∆I(t) = I(t) -I(t -1) where the time t refers to days.

Our regression analysis is based on weekly data on CFTC traders' positions and daily ETF flows, inventory changes, dollar index, and Eurodollar futures returns. In the case of CFTC positions only, monetary surprises are defined on a weekly basis: a "monetary surprise week" is defined as the period stretching between during two consecutive releasing dates of the weekly CFTC Supplemental Report and containing at least one unexpected monetary announcement.

A regression of the inventory proxy on the monetary surprise suggests that monetary policy does not impact commodities' prices through the channel of inventories piling. Turning to the trading position channel, the results show that the dollar index does not have any impact on trading position -including index flows, commercial position, speculative position. Only monetary surprises captured by forward interest rate changes have a relatively small negative impact8 on commercial trading positions. As a result, our results does not lend support to the view that monetary policy affects commodities prices through the channel of inventory piling or investors' portfolio rebalancing decisions.

-Test of the inventory channel for five specific commodities We also choose test the inventory channel for three agricultural commodities (wheat, corn, soybeans) and two non-agricultural commodities (Brent and copper). Inventory proxy of Brent and copper is calculated also with the equation (5.3), except that F2 the price of the second-closest futures contract, as non-agricultural commodities do not have harvest seasonality.

Our results are presented in Table 5.7. The relation of inventory proxies to dollar index returns is negative in all cases bar wheat. However, none of these relations is significant at the 10% level. The soybeans inventory proxy is negatively associated (with weak significance), and the copper inventory proxy positively associated, to forward interest rates (only a negative association being consistent with the inventory channel). Hence, we find again little support for the inventory channel driving the impact of monetary surprises on commodities prices.

-Role of dollar in the variation of commodity prices Our last test aims at investigating whether the impact of monetary policy on commodity prices is the result of a monetary effect (commodities prices remain constant in foreign currencies but rise in terms of a debased dollar currency). For this purpose, we reapply the regression (5.2), but using as dependent variable the commodities prices expressed in foreign currencies:

Commodity index (in f oreign currencies) = commodity index × dollar index Results are showed in table 5.8. We find no impact of the monetary surprise (be it expressed through dollar index, Eurodollar futures or inflation swaps variations on the announcement dates) on "absolute" commodities prices (i.e. the prices expressed in foreign currencies). As a result, the impact of unexpected monetary announcement on commodities prices is driven by a the dollar debasement effect rather than the change in the "absolute" level of commodities prices in terms of major foreign currencies.

Conclusion

Defining monetary surprises as the dollar index, Eurodollar futures or inflation swap returns on the dates of major monetary announcements, this paper studies the impact of monetary surprises on commodities prices. Our results show that commodity markets have been sensitive to dollar index and inflation swap variations on monetary announcement dates from 2006 onwards; before that, only the interest rate variations during monetary announcement dates had a notable impact. Second, the effect of negative monetary surprises is not only instantaneous but also delayed, as a decreasing trend is observed up to 10 days after the announcement. Positive surprises have an instantaneous effect but this effect is reversed after the day of the announcement. Thirdly, we perform one robustness test defining the monetary surprise through the change in the inflation swap rate, which leads to very similar conclusions as above. Lastly, our results do not lend support to the hypothesis of Frankel (2008) that monetary policy may affect commodities prices through inventory piling or investors' portfolio rebalancing decisions. Instead, we find evidence that the impact of unexpected monetary announcements on commodities prices is mainly driven by a dollar "debasement" (or revaluation) effect, whereby commodities prices are unaffected by the Fed's surprise moves once expressed in terms of major foreign currencies. Our results have several implications. First, we provide direct evidence that commodity markets may be impacted by factors, which are exogenous to physical supply and demand fundamentals (in this case, monetary policy announcements). This effect works through the canal of dollar depreciation against other major currencies. Second, this work may provide an explanation for the increased correlation between dollar, traditional investment classes and commodity prices over the last decade, which could be traced back to the investors' anticipation of monetary surprises. 

Y i = γ + δ [Eurodollarf uturesreturns] i + θ i ;
regression(c): (*** significant at 1%, ** significant at 5%, * significant at 10%.). Note: Twenty values are the mean return/standard deviation (upper graph) and median return/standard deviation (bottom graph) of each 10 days after and before unexpected event. "1" is the event day when unexpected event happens; "0" is the day before unexpected event.

Y i = α + β [Inf altionswapreturns] i + � i .
Unexpected event days are defined as the Fed monetary policy announcement days when dollar index returns excessed 1.65 standard deviation.Positive event is defined as the event day when we have negative dollar return and positive GSCI returns.The returns of commodities indexes are: GSCIAR: Agricultural index; GSCIEN: Energy index; GSCIIN: Industrial index; GSCI: Broad commodity index. "*" significant at 10%, "**" significant at 5%, "***" significant at 1%. This thesis provides an overview on the evolution of commodity markets and focuses on the price behaviour in both the commodity physical and the financial derivatives markets. Instead of directly analysing regulation in the commodity markets, this thesis highlights the market changes and specific market behaviour, which gives potential implications for market regulation.

Main results of thesis

This research on regulation of commodity markets has been conducted within two different markets: commodity physical markets and commodity derivatives markets. i) Results in physical markets confirm the evidence of jump in agricultural commodity prices. Price volatility varies with time and is not constant. Commodity markets'at least agricultural markets'-prices oscillated during the period 2007/2008, which coincided with financial crisis. Relatively high frequent and small jumps in commodity prices are probably due to financial market factors instead of market fundamentals. The implication of these results in risk management of agricultural cooperatives is that, although taking into account jump in risk measure, such as VaR does not outperform traditional VaR with normal distribution. Considering this kind of extreme price variation can be complementary for risk managers when facing a highly volatile commodity market. ii) Findings for financial derivatives markets lead to two conclusions. Firstly, commodity index funds are confirmed again as having a short-term impact on futures prices in most products. Based on the theoretical conclusion about the intermediary role of inventory on the impact of speculation on the commodity market, we have found that commodity index can influence commodity futures prices without necessarily passing through inventory changes, which is probably due to price-inelasticity. Secondly, in relation to the impact of central bank announcements on commodity prices, the study shows that the central bank can be an alternative regulator to influence the commodity market. Additionally, it shows that commodity prices include the information from macroeconomic factors, such as currency rate and inflation rate.

Potential Regulatory implication

Based on the results, suggestions regarding several regulatory implications are made.
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In general, two aspects should be considered.

• On the one hand, regulation in the commodity market needs more transparent information (lack of transparent information about strategies, positions etc.), which needs to be improved in both physical markets and commodity derivatives exchanges and should include more information on market participants and position in the financial market, and supply, demand, inventory, etc., in the spot market.

• On the other hand, more generations of commodity investment products exist in the commodity market. Increasing interconnectedness between the commodity market and other financial markets, and the commodity market and the macroeconomic environment is becoming evident. Regulatory proposals for the commodity market should consider the stability of the global financial system and not be limited to the commodity market itself.

Other potential regulatory implication could be proposed based on our results.

• Enforce risk management inside cooperative companies and other producers. This study approves Basel III on the modelling standards for specific risks to banking organisations. Our results suggest that similar requirements might be imposed in the commodity industry. As extreme market event is regularly observed in the commodity market. Cooperative companies could apply alternative risk measures (ex: Improved Value-at-Risk) as complementary to recent standard methodologies.

• Surveillance of innovative investment products from commodity derivatives markets.

In the financial market, commodity index funds are justified to have a short-term effect on the market prices. An initial step that should be carried out in order to monitor the index fund activities would be to report transparent information about their market position and strategies. Regulatory authorities could be mandated to intervene directly in exchange trading of both traditional derivatives contracts and innovative investment products to address the occurrence of market distortion.

• Improving policy coordination of other regulatory authorities in relation to commodity markets. Commodity markets are found to react to the central bank's activities. This evidence suggests that the central bank uses a macroeconomic policy that might provide another regulatory authority to control commodity markets. On the other hand, monetary decision of central bank on global economy should not ignore the potential influence on commodity markets.
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 3 Figure 3.2 gives the daily 10-day VaR for 99% confidence level and P/L of the portfolio with real prices. VaRs from the two models are a little different in the year of 2012/2013, where price series exhibit higher volatility than in the other two harvests. And for the other two years, the curves of Normal-VaR and Jump-VaR are very close to each other. Combined with Table3.1, which shows the number of exceptions in the 2011/2012 harvests, there are 3 times for Black-Scholes and once for the Jump model where VaR does not approximate market risk. And in the last two harvests, Normal-VaR and Jump-VaR have the same exception times. If we look precisely at the violation days, both models have violation on the date 07/11/2011, when wheat prices decreased brutally by 14 Euro/ton within 10 days. Normal-VaR does not estimate the risk, while Jump-VaR estimates the risk on 14/09/2011 with a 21 Euro/ton drop, and this is also one of the highest price decreases in the whole year. For the second harvest, 2012/2013, averaged wheat price is much higher than in the harvest 2011/2012. The violations gather at the end of the second harvest, 2012/2013. For example, the two models have an exception on 28/05/2013, where wheat prices decrease by 27 Euros/ton within 10 days. After that, wheat prices have decreased but still maintained volatile in 2013/2014. The violations of both VaR models take place in the period from 01/05/2014 to 12/05/2014. Normal-VaR does not approximate market risk in the period of December 2013 very well, while the cut down of wheat prices is estimated by Jump-VaR. The other indicator that we
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  Three specifications of index flows are used: CITF is the net weekly index flows for individual commodities (CFTC Supplemental Report); ETF refers to the index flows into the three main ETF tracking generalist commodity indices; and CITF total represents the ratio of aggregate index flows to aggregate lagged open interests across the 12 agricultural commodities. Both coefficient and P-value are presented in the table. (*** significant at 1%, ** significant at 5%, *significant at 10%) All variables are standardized Number of observation: 99 monthly observations from 2006 to 2014;

  see for example, (Gospodinov & Jamali, 2013). (Gurkaynak, Sack, Swanson, 2005), (Kuttner 2001) (Hayo et al. 2011).

  Mean returns of previous 250 days |� 1.65 Standard deviation of previous 250 days( * )

  2008 financial crisis: the first period is 2006-2008 and the second 2000-2005. The choice of separating the periods before and after 2005 is motivated by the turning point in the monetary policy after 2006 (the Fed stopped hiking the target rate after June 2006) and the marked increase of correlations between commodities and the US dollar after 2006. Using the same methodology as before to define the monetary surprises, we find 21 unexpected event days for the period 2005-2008 and 16 unexpected event days for the period 2000-2005. To assess the impact of monetary surprises on commodities surprises, we use the same specification as in regression(5.1).
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  table gives the results of 3 regressions, regression (a):

  Y i : changes of commodity index spot returns on the event days. All variables are standardized and include the sample from 16/09/2008 to 31/12/2014 with 39 unexpected events (1.65 Threshold) and with 74 unexpected events(1.28 Threshold). The index of dependent variables are GSCIAR: Agricultural index; GSCIEN: Energy index; GSCIIN: Industrial index; GSCI: Broad commodity index. t-statistics are given italicized after every parameter.

Figure 5

 5 Figure 5.4: Delayed effect -Mean

Figure 5

 5 Figure 5.5: Delayed effect -Median

  event days are defined as the Fed monetary policy announcement days when one of the three indicators (Dollar index returns, Eurodollar futures returns or inflation swap returns) excessed 1.65 standard deviation. The table gives the results of 3 regressions, regression (a): of commodity index spot returns on the event days.Each grid gives the significance effect on the returns of: GSCIAR: Agricultural index; GSCIEN: Energy index; GSCIIN: Industrial index; GSCI: Broad commodity index.Blue grids refer to the case with significance effect on commodity index (on all five commodities indexes if without specification). Red grids are the cases of non significance effect observed. The independent variables are: Eurodollar futures returns; the dollar index, which measures the value of dollar against a trade-weighted weighted basket of foreign currencies; inflation swap returns. All variables are standardized and include three samples from 2001 to 2005; from 2005 to 2008 and from 2008 to 2014. Result of inflation is missing due to lack of inflation swap data in first two periods. Significant impact is marked by blue grids. Orange grids denote the insignificant results.

  

  

  

Table 2 .

 2 1: Descriptive statistics

	Log return	Mean	Std Deviation Variance Excess Kurtosis Skewness
	2004/2005 -0.0011	0.0196	0.0004	9.7423	-0.4120
	2005/2006	0.0004	0.0092	8.43E-05	26.6499	3.5099
	2006/2007	0.0026	0.0174	0.0003	3.9229	0.9290
	2007/2008	0.0004	0.0237	0.0006	0.6912	-0.3691
	2008/2009 -0.0022	0.0226	0.0005	10.1772	1.5842
	2009/2010 -0.0002	0.0144	0.0002	0.7993	-0.1566
	2010/2011	0.0013	0.0249	0.0006	0.7192	-0.0771
	2011/2012	0.0009	0.0162	0.0003	0.5689	0.3988
	2012/2013 -0.0007	0.0168	0.0003	6.1398	-0.0939
	2013/2014 -0.0011	0.0115	0.0001	0.2206	0.0211

Note: Descriptive statistic are calculated from log-return series for every harvests.

Table 2 .

 2 2: Augmented-Dickey Fuller test and Hurst exponent

		Hurst exponent	t-stat
	07/2004-06/2005	0.4358	8.58E-21
	07/2005-06/2006	0.2077	3.44E-07
	07/2006-06/2007	0.3107	7.06E-30
	07/2007-06/2008	0.3350	3.23E-23
	07/2008-06/2009	0.4293	1.28E-33
	07/2009-06/2010	0.2319	1.43E-22
	07/2010-06/2011	0.2890	2.88E-33
	07/2011-06/2012	0.4053	2.41E-32
	07/2012-06/2013	0.3927	1.69E-15
	07/2013-06/2014	0.2681	1.14E-12

Note: These two tests are taken on the log prices series. Lag numbers of ADF-test are chosen by AIC/BIC criteria.

Table 2 .

 2 Prices in the harvest during 2007/2008 and 2008/2009 revert to mean more slowly than in other years, where it takes more than 50 days (two months). Another period, 2004/2005, also takes about 45 days to revert to the long-run level, which may be explained by the lower storage pressure in the previous harvest and the market uncertainty. In both 2004/2005 and 2008/2009, the prices do not return to the equilibrium level as quickly as other periods, one of the potential explanations is that during these harvests inventory is relatively lower.Regarding the equilibrium level of prices, the mean price is coherent with price variation and reflect the commodity inventory adjustment. Peaks are in 2007/2008, 2010/2011 and 2013/2014, where prices tend to be about 241.8 Euros/ton. The 2007/2008 harvest coincides with the crisis from the financial industry. As a result, the explanations of the 2007 peak consist of the increasing demand from emerging countries and the financialization of the commodity markets according to several researches. Then, the price peak in 2010/2011 is probably due to Russia's exportation ban, which put pressure on the international wheat market. The difference between 2007/2008 and 2010/2011 harvests is that we observe that, after 2010/2011, the equilibrium price remains relatively high after the peak of the previous year; however, prices drop down dramatically in the harvest following 2007/2008.The volatility is a little bit smaller than the volatility calculated4 in the descriptive statistic table and in the traditional lognormal model, since part of volatility is interpreted by the jump term in our model. The volatility obtained by the GARCH model measures the 'normal' price variation, which is caused by fundamental conditions. In spite of this, the evolution path of volatility is the same, with highest yearly mean volatility of 33% in 2007/2008 and 37% in 2010/2011. The high volatility implies uncertainty in the wheat market and the market is sensitive to exogenous information. It is surmised that the uncertainty in 2007/08 comes from the tremors in the financial market and relatively small harvest. And the supply shock in the international market due to Russia's exportation ban may be a main cause of high volatility during 2010/2011.Another highly volatile campaign is the 2004/2005 harvest, which may be a result of the historically lowest inventory in 2003/2004. The tension of the supply side due to unfavorable climate in the previous year caused the uncertainty to remain in the 2004/2005 harvest. Conforming to the simple statistical analysis, the volatility in 2008/2009 remains higher although the price decreases from the peak. Moreover, after another summit in 2010/2011, the prices vary less violently. Using the specification of GARCH, volatilities in all harvests are not persistent (α + β < 1). Jumps have happened more frequently since 2006. 2005/2006 has the smoothest trait with no-frequent and small jumps. Prices increase from 2006 and oscillate along a high level during 2007/2008. The probability of an upward jump is larger than a downward jump, with p = 0.79 in 2006/2007. The upward jumps are dominant in this period. Although prices remain higher in 2007/2008, the downward jumps occur more often.

			3: Parameter k and µ x		
		k	1/k	µ x	e µ x
		Speed of returning to mean Days of returning to mean	Equilibrium log price	Equilibrium price
	2004/2005	0.0218	45.9144	4.5803	97.5435
	2005/2006	0.0908	11.0189	4.6426	103.8187
	2006/2007	0.0514	19.4561	4.9601	142.6130
	2007/2008	0.0191	52.4271	5.4882	241.8283
	2008/2009	0.0169	59.3109	4.7776	118.8126
	2009/2010	0.0600	16.6652	4.7706	117.9878
	2010/2011	0.0363	27.5373	5.5063	246.2511
	2011/2012	0.0903	11.0761	5.2870	197.7559
	2012/2013	0.0200	49.997	5.2874	197.829
	2013/2014	0.0725	27.5781	5.4492	232.5602

κ presents how quickly the log-price reverts to its long-run mean in the log-price process and 1/κ is the days to return to the equilibrium level (The transformation of number of days is based on the opening days).

The jump is distinguished by upward and downward jump. The table above gives the results of jump parameters. The mean of jump is defined as the averaged difference between ln (S t ) and ln � S (t-1) � , if jump occurs.

Table 2 .

 2 6: Likelihood ration tests(LR)

		Without jump Without mean reversion Constant volatility MC p-value
	2004/2005	49.579	9.620	6.896	0.01
	2005/2006	59.963	1.907	3.109	0.01
	2006/2007	29.470	5.923	5.890	0.01
	2007/2008	13.224	4.042	23.254	0.01
	2008/2009	39.970	1.227	1.844	0.01
	2009/2010	8.486	2.511	32.174	0.01
	2010/2011	4.991	8.152	23.492	0.01
	2011/2012	2.865	1.033	1.596	0.01
	2012/2013	18.571	1.492	2.058	0.01
	2013/2014	4.343	3.770	1.148	0.01
	Note: Likelihood ratios are calculated for every harvest by comparing with the models without jump,
	models without mean reversion and models with constant volatility	
	The likelihood ratios are calculated by estimating three other models, which are ARCH model
	with stochastic volatility (without mean reversion); Mean-reversion model with stochastic volatil-
	ity (without jump term); and Jump diffusion model with constant volatility (without stochastic
	volatility). We are interested only on the LR-test. The results of parameters are not given in this
	paper.				
	Simply comparing the likelihood values does not permit us to choose the fitted model, as the
	model with the larger number of parameters may have a higher likelihood value. The three
	groups of likelihood ratios are calculated in the table.		

Table 2

 2 

				.7: Moments comparison			
		Mean	Variance	Kurtosis	Skewness
	Simulated	Original	Simulated	Original	Simulated Original	Simulated Original
	2004/2005	-0.0005	-0.0011	0.0037	0.0004	1.8414	9.7423	-0.1168	-0.4120
	2005/2006	0.0004	0.0004	0.0004	8.43E-05	1.0896	26.6499	1.3459	3.5099
	2006/2007	0.0026	0.0026	0.0090	0.0003	4.2099	3.9229	-0.7021	0.9289
	2007/2008	0.0009	0.0004	0.0192	0.0006	2.0985	0.6912	-0.3561	-0.3692
	2008/2009	-0.0022	-0.0022	0.0215	0.0005	10.9567	10.1772	0.8724	1.5841
	2009/2010	-0.0004	-0.0002	0.0026	0.0002	7.0331	0.7993	0.2725	-0.1567
	2010/2011	0.0030	0.0013	0.0156	0.0006	50.7101	0.7192	-1.3379	-0.077
	2011/2012	-0.0005	0.0009	0.0033	0.0003	3.7895	0.5689	-0.366	0.3988
	2012/2013	-0.0019	-0.0007	0.0002	0.0003	0.2688	6.1398	2.8415	-0.0943
	2013/2014	-0.0006	-0.0011	0.0001	0.0001	0.1555	0.2206	3.1607	0.0216
	Note: Four moments are calculated:mean, variance, kurtosis and skewness from original log-return series and simulated
	log-return series.								

Table 2 .

 2 This table gives all estimated parameters using maximum likelihood function. Standard error given in parentheses is calculated by Hessian matrix. All the parameters are significant -at least 10% level. In the estimation, sign constraints are given on all parameters for in some cases negative value is fraud.

	8: Estimated parameters

  Algorithm � , � Interiorpoint � , � MaxI ter � , 500);

	in Matlab en-
	vironment for the first year data of 2004/2005.
	load('Camp.mat')
	1) Optimization function
	St=Camp r est(:, 1);
	t = Camp r est(:, 2);
	options = optimset( � -Initial parameters should be chosen firstly:
	parametre=[0.02 4.6 0.45 30 28 0.03 0.0001 0.01 0.01]';
	-Constraint conditions on certain parameters and t-value for significance test is applied with
	Hessian matrix obtained from the function:
	[parametre, likeli, exitf lage, output, lamdba, grad, hessian] = f mincon(@(parametre)like1(parametre, St, t), parametre,
	[000000 -100; 0000000 -10; 00000000 -1] , [0; 0; -0.001], [], [], [], [], [], options);
	stanerr=sqrt((diag(hessian)).∧ -1); tstat = parametre./stanerr;
	p1=parametre(1);p2=parametre(2);
	p5=parametre(6);p10=parametre(3);p11=parametre(4);p12=parametre(5);
	p6=parametre(7);p7=parametre(8);p8=parametre(9);
	2) Define the vt: volatility would be a vector with length of St
	vt(1)=0.0004;
	vt(2)=0.0005;
	for i=3:157;
	vt

  Duffie and Pan (1999) give an analytical VaR by considering jump risk in the derivatives portfolio. Tail risk can be explained by an extreme risk. More rigorously, VaR based on extreme value theory is analysed by[START_REF] Brooks | A comparison of extreme value theory approaches for determining Value-at-Risk[END_REF] andDanielsson and Morimoto (2000). Moreover, other time-series models, such as ARMA, GARCH, EGARCH, also take into account time-varying volatility and excess kurtosis in financial assets returns. By fitting these time-series models, VaRs can also give more complete results than VaR under normal distribution. In this research, for the purpose of applying the jump model, we use only the jump model to compare the normal distributed model in simulating VaR, as we consider different wheat produced in different harvests are not the same products in terms of quality. Analyses are conducted on every year separately, with only about 200 data prices per year.

  -Scholes model and VaR simulated by Jump model. VaR estimation is conducted on three harvests, 2011/2012, 2012/2013 and 2013/2014. The Monte-Carlo simulation process for VaRs (for both Black-Scholes and Jump model) is summarised: 1. Simulate 1000 times the underlying spot prices of both models and volatility in the jump model using Euler approximation at t and iterate until time T (one year, the end of the harvest in our paper). The time interval ∆ t = 1/T . For t, generate random increment, ∆Z t , Brownian motion for the Black-Scholes model; ∆B t ∆B vt , Brownian motion for spot prices in the Jump model and for volatility equation; ∆N t Poisson process for jump;

Table 3

 3 VaR have the same exception times. If we look precisely at the violation days, both models have violation on the date 07/11/2011, when wheat prices decreased brutally by 14 Euro/ton within 10 days. Normal-VaR does not estimate the risk, while Jump-VaR estimates the risk on 14/09/2011 with a 21 Euro/ton drop, and this is also one of the highest price decreases in the whole year. For the second harvest, 2012/2013, averaged wheat price is much higher than in the harvest 2011/2012. The violations gather at the end of the second harvest, 2012/2013. For example, the two models have an exception on 28/05/2013, where wheat prices decrease by 27 Euros/ton within 10 days. After that, wheat prices have decreased but still maintained volatile in 2013/2014. The violations of both VaR models take place in the period from 01/05/2014 to 12/05/2014. Normal-VaR does not approximate market risk in the period of December 2013 very well, while the cut down of wheat prices is estimated by Jump-VaR. The other indicator that we calculate in Table3.2 is 97.5% expected-shortfall, which defines the expected loss given 97.5% level of confidence1 . Overall, Normal-VaR underestimates risk compared with Jump-VaR, since there are more times that the real loss exceeds 97.5% expected-shortfall in the case of Normal-VaR than in Jump-VaR.For comparing the performance of the two VaR models, we use three backtesting techniques, as noted above. Under the Basel framework, both VaRs are in the secure zone for all the periods. Additionally, Jump-VaR and Normal-VaR have the same results in Kupiec's test for the last two years. According to Kupiec's test, we accept both VaR models. The third backtesting, rooted square mean errors (RSME), is the average difference between Profit/Loss and Expected shortfall (97.5%) in the case of exceptions. Normal-VaR underestimates risk in the first two years with higher difference between expected shortfall and real loss. The larger distance between real loss and expected loss when VaR does not approximate market risk well will create disaster for agricultural cooperatives, as the loss is far more than the reserved capital. In the last harvest, 2013/2014, Jump-VaR has RMSE slightly higher than Normal-VaR but the difference is not too large. And the final test on the combined performance shows that Jump-VaR is more efficient than Normal-VaR in the first two harvests, but overestimates in the recent year 2013/2014.

.1, which shows the number of exceptions in the 2011/2012 harvests, there are 3 times for Black-Scholes and once for the Jump model where VaR does not approximate market risk. And in the last two harvests, Normal-VaR and Jump-Overall, in the case of portfolio 1 with linear payoff, by combining all the backtesting results, although both models are in the secure zone of Basel and are accepted by Kupiec's test, Normal-VaR underestimates market risk and is less inefficient in the first two harvests. And Jump-VaR underestimates risk in the harvest 2013/2014.

Portfolio 2: Market risk without hedging

Cooperatives buy wheat and short Asian call with their clients without hedging risk.

  The specification of Asian call Y (contract signed with farmers): Maturity T for one year/one harvest; K strike price is supposed to be 190 Euros (the same value for the following cases), which is the advanced prices to pay for farmers. Using this contract, cooperatives buy wheat from farmers with the price at 190 Euros. At the end of year, if the average price during this year is higher than 190 Euros, cooperatives should pay the farmers the difference between average price and 190 Euros.We have the results for Black-Scholes and Jump models, as shown in Figure3.3. In the initial days, the Normal-VaR is quite different from that computed by Jump-VaR. Profit/Loss of portfolio is volatile in the beginning due to the uncertain prices. When time is close to maturity, price uncertainty decreases and wheat is sold out, value is near zero. By looking at Table3.3 as well, Jump-VaR has less exception times than Normal-VaR except for the year 2012/2013, where Jump-VaR has one more violation. More specifically, in the 2011/2012 harvest, the same violation as the first portfolio has happened on the date of 09/09/2011 when wheat price has decreased by 21 Euros/ton within 10 days. In the second harvest, one exception of Jump-VaR is on the 06/02/2012;In portfolio 2, farmers begin to engage in a guaranteed contract with agricultural cooperatives. Without hedging risk, cooperatives confront more risks if wheat prices decrease. Estimation results and backtesting results are quite close in both VaRs. In the first two harvests, Jump-VaR outperforms Normal-VaR with less violations and more efficient resource allocation. Jump-VaR will be more desirable for cooperatives in the first two harvests. In the 2013/2014 harvest, Jump-VaR overestimates risk. By using Jump-VaR, more capital is required, which is costly from the point of view of cooperative managers.Portfolio 3: Market risk with hedgingCooperatives buy wheat and short call Asian call with their clients, and for hedging they long Asian Put. Same quantity of wheat (1/T) is sold every day until the end of maturity.

)

. . . however on this date, price does not exhibit as large a decrease as on other days. This leads to a question of whether the Jump model could not always estimate the occurrence of jumps. For the harvest 2012/2013, the exception period consists also of the period from 22/05/2013 to the end harvest, where wheat prices display a dropdown trend, as noted in Figure

3

.1. The second indicator in Table

3

.3 shows that expected loss measured by expected shortfall is higher in Jump-VaR than in Normal-VaR, except in the 2013/2014 harvest.

The backtesting of the three techniques is concluded in Table

3

.4. Both Normal-VaR and Jump-VaR are in the secure zone according to the Basel criterion. This is the same for the Kupiec's test; both results have accepted the hypothesis that the VaR models are accurate. However, we find the difference from the Root-Mean-Square error (RMSE). For the first harvest and in the case of exception, Normal-VaR has underestimated much more risks than Jump-VaR, as the difference between real loss and expected shortfall is much higher. The conclusion of RMSE is inverse in the 2013/2014 harvest. And, concerning the VPC test, the results of both VaRs are quite close in terms of efficiency.

  .6, Normal-VaR has exceeded the real P/L in the harvest 2013/2014 5 times, which indicates that Normal-VaR is located in the Yellow zone according to Basel criterion. Normal-VaR and Jump-VaR are accepted to be correct according to Kupiec's test. Performance of VaR is similar for the first two harvests. In the 2013/2014 harvest, Normal-VaR has underestimated risk with expected shortfall lower than real loss in the case of exceptions. Jump-VaR is also more efficient during this harvest on the basis of VPC.

Table 3 .

 3 1: Portfolio 1 -Number of exceptions

			VaR vs Realised P/L	Expected shortfall vs Realised P/L
			Number of	Frequency of	Number of	Frequency of
			exceptions	exceptions	exceptions		exceptions
	2011/2012	VaR(Black-Scholes) VaR(Jump)	3 1	0.017 0.006	2 2		0.011 0.011
	2012/2013	VaR(Black-Scholes) VaR(Jump)	4 4	0.023 0.023	4 5		0.011 0.028
	2013/2014	VaR(Black-Scholes) VaR(Jump)	4 4	0.025 0.025	3 4		0.017 0.025
		Table 3.2: Portfolio 1 -Backtesting	
			Basel approach	Kupiec's test	RMSE	P/L	VPC(VaR
					and expected	performance
					shortfall		criterion)
	2011/2012	VaR(Black-Scholes) VaR(Jump)	Green zone Green zone	20.775 30.143	0.624 0.086		0.373 0.330
	2012/2013	VaR(Black-Scholes) VaR(Jump)	Green zone Green zone	17.306 17.306	1.605 0.902		0.796 0.71
	2013/2014	VaR(Black-Scholes) VaR(Jump)	Green zone Green zone	17.251 17.251	0.631 0.801		0.254 0.583

Table 3 .

 3 3: Portfolio 2 -Number of exceptions

			VaR vs Realised P/L	Expected shortfall vs Realised P/L
			Number of	Frequency of	Number of	Frequency of
			exceptions	exceptions	exceptions		exceptions
	2011/2012	VaR(Black-Scholes) VaR(Jump)	3 2	0.017 0.011	3 1		0.017 0.006
	2012/2013	VaR(Black-Scholes) VaR(Jump)	3 4	0.017 0.023	3 4		0.017 0.023
	2013/2014	VaR(Black-Scholes) VaR(Jump)	4 3	0.025 0.019	3 4		0.019 0.025
		Table 3.4: Portfolio 2 -Backtesting	
			Basel approach	Kupiec's test	RMSE	P/L	VPC(VaR
					and expected	performance
					shortfall		criterion)
	2011/2012	VaR(Black-Scholes) VaR(Jump)	Green zone Green zone	20.775 24.931	0.541 0.020		0.188 0.142
	2012/2013	VaR(Black-Scholes) VaR(Jump)	Green zone Green zone	20.772 17.306	0.063 0.089		0.321 0.332
	2013/2014	VaR(Black-Scholes) VaR(Jump)	Green zone Green zone	17.245 20.726	0.414 1.783		0.023 0.023

Table 3 .

 3 5: Portfolio 3 -Number of exceptions

			VaR vs Realised P/L	Expected shortfall vs Realised P/L
			Number of	Frequency of	Number of	Frequency of
			exceptions	exceptions	exceptions		exceptions
	2011/2012	VaR(Black-Scholes) VaR(Jump)	3 1	0.017 0.006	4 1		0.022 0.006
	2012/2013	VaR(Black-Scholes) VaR(Jump)	3 2	0.017 0.011	3 3		0.017 0.017
	2013/2014	VaR(Black-Scholes) VaR(Jump)	5 4	0.031 0.025	4 4		0.022 0.022
		Table 3.6: Portfolio 3 -Backtesting	
			Basel approach	Kupiec's test	RMSE	P/L	VPC(VaR
					and expected	performance
					shortfall		criterion)
	2011/2012	VaR(Black-Scholes) VaR(Jump)	Green zone Green zone	24.993 30.143	0.123 0.153		0.131 0.157
	2012/2013	VaR(Black-Scholes) VaR(Jump)	Green zone Green zone	20.772 24.929	0.058 0.049		0.345 0.301
	2013/2014	VaR(Black-Scholes) VaR(Jump)	Yellow zone Green zone	14.288 17.251	0.211 0.168		0.025 0.010

Note: The specification of volatility is a continuous case of GARCH

(Brockwell, Chadraa and Lindner 2006

Table 3 .

 3 

		9: Basel Committee's criterion	
		Number of exceptions (in 250 days) Multiplication factor
	Green zone	4 or less	3
		5	3.4
		6	3.5
	Yellow zone	7	3.65
		8	3.75
		9	3.85
	Red zone	10 or more	4

Table 4 .

 4 

			1: Inventory proxy and CITF		
			∆InventoryProxy(-1)	CITF	CITF(-1)	∆HP	∆Dollar	∆r	R 2
	Cocoa	Estimate	-0.030	0.09		0.002	-0.01	-0.014	0.10
		P-value	0.538	0.063*		0.96	0.836	0.774
	Coffee	Estimate	0.002	-0.046		0.268	0.038	-0.059	0.071
		P-value	0.974	0.351		1.13e-07***	0.435	0.222
	Cotton	Estimate	-0.092		0.024	0.23	-0.025	-0.061	0.069
		P-value	0.058*		0.62	4.16e-06***	0.599	0.205
	Sugar	Estimate	-0.054	0.095		0.04	0.023	-0.063	0.022
		P-value	0.28	0.064*		0.432	0.64	0.204
	Feeder Cattle	Estimate	-0.05	0.025		-0.146	-0.038	-0.023	0.023
		P-value	0.31	0.62		0.004***	0.44	0.64
	Lean Hogs	Estimate	0.045		0.032	0.37	-0.121	-0.112	0.163
		P-value	0.321		0.48	5.19e-15***	0.008*** 0.014**
	Live Cattle	Estimate	0.035	-0.085		0.504	-0.05	-0.068	0.252
		P-value	0.412	0.054*		<2e-16***	0.249	0.116
	Corn	Estimate	-0.037	-0.033		0.18	0.003	0.015	0.03
		P-value	0.44	0.527		0.0005***	0.94	0.76
	Soybeans	Estimate	-0.19	0.056		-0.145	0.003	0.01	0.05
		P-value	0.001***	0.285		0.006***	0.95	0.83
	Soybean Oil	Estimate	-0.007	-0.03		0.186	0.037	-0.06	0.037
		P-value	0.881	0.553		0.0002***	0.441	0.221
	Wheat CBOT	Estimate	-0.144	-0.005		0.107	0.056	-0.584	0.04
		P-value	0.003***	0.925		0.03**	0.258	0.23
	Wheat KCBOT Estimate	-0.055		0.04	0.275	-0.045	-0.002	0.08
		P-value	0.247		0.403	1.29e-08***	0.347	0.634

Note:This table gives the result of the following regression:

∆Inventory Proxy i,t = α + Σ P i n=0 β m ∆Inventory Proxy i,t-m + Σ

  The number of lags for CITF is chosen according to the AIC/BIC criterion. Weekly data from 2006 to 2014 are used. Both coefficient and P-value are presented in the table. (*** significant at 1%, ** significant at 5%, *significant at 10%)

	All variables are standardized.
	Number of observations: 417

Table 4 .
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			2: Inventory proxy and ETF				
			∆InventoryProxy(-1)	ETF flows	ETF flows(-1)	∆HP	∆Dollar	∆r	R 2
	Cocoa	Estimate	-0.04		0.211	0.002	-0.016	-0.007	0.47
		P-value	0.416		2.22e-05***	0.975	0.749	0.896	
	Coffee	Estimate	-0.006	-0.03		0.27	-0.34	-0.06	0.076
		P-value	0.898	0.497		5.99e-08***	0.48	0.175	
	Cotton	Estimate	-0.134	-0.047		0.2	-0.048	0.06	0.067
		P-value	0.006***	0.33		6.72e-05***	0.32	0.22	
	Sugar	Estimate	0.42	0.78		0.06	-0.047	-0.07	0.02
		P-value	0.40	0.12		0.241	0.34	0.14	
	Feeder Cattle	Estimate	-0.06	-0.001		-0.147	-0.04	-0.026	0.026
		P-value	0.22	0.9		0.003***	0.41	0.60	
	Lean Hogs	Estimate	0.044	0.005		0.36	-0.133	-0.116	0.16
		P-value	0.343	0.92		1.9e-14***	0.004***	0.012**	
	Live Cattle	Estimate	0.031	-0.02		0.5	-0.035	-0.07	0.25
		P-value	0.52	0.66		0.004***	0.73	0.72	
	Corn	Estimate	0.007	-0.015		0.07	-0.01	0.014	0.06
		P-value	0.98	0.775		0.158	0.84	0.775	
	Soybeans	Estimate	-0.13	0.03	-0.3	-0.012	0.004	-0.015	0.03
		P-value	0.009***	0.6	0.013**	0.02**	0.94	0.77	
	Soybean Oil	Estimate	-0.006	0.06		0.19	-0.04	-0.06	0.04
		P-value	0.907	0.27		0.0002***	0.371	0.19	
	Wheat CBOT	Estimate	-0.154	-0.03		0.09	-0.05	-0.06	0.04
		P-value	0.002***	0.56		0.06*	0.27	0.23	
	Wheat KCBOT Estimate	-0.063	-0.06		0.286	-0.05	-0.022	0.087
		P-value	0.194	0.214		5.96e-09***	0.283	0.651	

Note:This table gives the result of the following regression:

∆Inventory Proxy i,t = α + Σ P i n=0 β m ∆Inventory Proxy i,t-m + Σ

  The number of lags for ETF flows is chosen according to the AIC/BIC criterion. Weekly data from 2006 to 2014 are used. Both coefficient and P-value are presented in the table. (*** significant at 1%, ** significant at 5%, *significant at 10%)

	All variables are standardized.
	Number of observations: 408
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 4 3: Inventory proxy and CITF Total

			∆InventoryProxy(-1)	CITF Total CITF Total(-1)	∆HP	∆Dollar	∆r	R 2
	Cocoa	Estimate	-0.031	0.007		0.008	-0.028	-0.010	0.002
		P-value	0.535	0.891		0.878	0.577	0.847	
	Coffee	Estimate	0.008	-0.063		0.266	-0.043	-0.062	0.070
		P-value	0.869	0.202		9.21e-08 ***	0.373	0.198	
	Cotton	Estimate	-0.090	-0.002		0.230	-0.031	-0.064	0.070
		P-value	0.0638 *	0.965		3.32e-06 ***	0.528	0.184	
	Sugar	Estimate	-0.047	0.038		0.057	-0.034	-0.071	0.015
		P-value	0.344	0.456		0.261	0.504	0.152	
	Feeder Cattle	Estimate	-0.050	0.019		-0.141	-0.038	-0.025	0.020
		P-value	0.312	0.706		0.004 ***	0.451	0.608	
	Lean Hogs	Estimate	0.048	-0.043	0.040	0.373	-0.125	-0.112	0.160
		P-value	0.295	0.371	0.430	3.11e-15 ***	0.008 ***	0.014 **	
	Live Cattle	Estimate	0.038	-0.051		0.498	-0.044	-0.072	0.250
		P-value	0.385	0.251		<2e-16 ***	0.315	0.097 *	
	Corn	Estimate	-0.018	0.015		0.215	-0.031	0.015	0.070
		P-value	0.702	0.770		1.56e-05 ***	0.529	0.761	
	Soybeans	Estimate	-0.186	0.094		-0.146	0.012	-0.007	0.060
		P-value	0.0001 ***	0.06 *		0.004 ***	0.813	0.887	
	Soybean Oil	Estimate	-0.005	-0.033		0.185	-0.043	-0.062	0.040
		P-value	0.912	0.517		0.0002 ***	0.382	0.205	
	Wheat CBOT	Estimate	-0.143	-0.006		0.108	-0.062	-0.059	0.040
		P-value	0.003 **	0.901		0.028 **	0.212	0.224	
	Wheat KCBOT Estimate	-0.045	-0.069	-0.040	0.286	-0.061	-0.020	0.090
		P-value	0.341	0.159	0.420	3.9e-09 ***	0.204	0.678	

Note:This table gives the result of the following regression:

∆Inventory Proxy i,t = α + Σ P i n=0 β m ∆Inventory Proxy i,t-m + Σ

  The number of lags for CITF Total is chosen according to the AIC/BIC criterion. Weekly data from 2006 to 2014 are used. Both coefficient and P-value are presented in the table. (*** significant at 1%, ** significant at 5%, *significant at 10%)

	All variables are standardized.
	Number of observations: 417

Table 4 .

 4 4: Futures returns and CITF

			∆InventoryProxy	CITF	CITF(-1)	∆HP	∆Dollar	∆r	R 2
	Cocoa	Estimate	-0.273	0.14	-0.007	0.515	-0.008	-0.09	0.38
		P-value	7.79e-12***	0.00054 ***	0.846	<2e-16 ***	0.452	0.02**	
	Coffee	Estimate	-0.26	0.04	-0.102	0.64	0.038	-0.04	0.4
		P-value	1.5e-10***	0.34	0.012**	<2e-16 ***	0.32	0.91	
	Cotton	Estimate	-0.26	0.09		0.321	0.03	0.02	0.15
		P-value	5.7e-08***	0.07*		1.9e-10***	0.54	0.72	
	Sugar	Estimate	-0.38	0.08		0.46	0.04	0.011	0.34
		P-value	<2e-16***	0.05**		<2e-16 ***	0.34	0.78	
	Feeder Cattle	Estimate	0.06	0.007		0.022	-0.08	-0.01	0.01
		P-value	0.218	0.882		0.665	0.121	0.826	
	Lean Hogs	Estimate	-0.69	0.003		0.47	0.004	0.022	0.47
		P-value	<2e-16***	0.93		<2e-16 ***	0.92	0.529	
	Live Cattle	Estimate	0.02	0.04		-0.07	-0.006	0.002	0.004
		P-value	0.67	0.457		0.249	0.903	0.97	
	Corn	Estimate	0.004	0.014		-0.001	-0.04	0.01	0.002
		P-value	0.93	0.79		0.98	0.407	0.83	
	Soybeans	Estimate	-0.07	0.05		0.61	0.011	0.09	0.43
		P-value	0.08*	0.19		<2e-16 ***	0.77	0.014**	
	Soybean Oil	Estimate	-0.12	-0.034		-0.63	-0.002	0.055	0.39
		P-value	0.003***	0.39		<2e-16 ***	0.95	0.80	
	Wheat CBOT	Estimate	0.09	-0.04		0.05	-0.08	-0.22	0.07
		P-value	0.054*	0.42		0.36	0.081*	5.9e-06***	
	Wheat KCBOT Estimate	-0.006	0.02		0.022	-0.03	-0.008	0.002
		P-value	0.89	0.743		0.68	0.49	0.87	

Note: The table show the results of regression:

Table 4 .

 4 5: Futures returns and ETF

			∆InventoryProxy	ETF flows	ETF flows(-1)	∆HP	∆Dollar	∆r	R 2
	Cocoa	Estimate	-0.26	0.06	0.04	0.54	-0.02	-0.11	0.36
		P-value	2.2e-10***	0.15	0.28	< 2e-16 ***	0.6	0.004***	
	Coffee	Estimate	-0.26	0.07	0.64	0.048	0.013	0.39	
		P-value	1.6e-10***	0.07*		< 2e-16 ***	0.22	0.74	
	Cotton	Estimate	-0.29	0.08	0.009	0.38	0.02	0.008	0.18
		P-value	1.7e-09***	0.083*	0.83	4.9e-15***	0.65	0.86	
	Sugar	Estimate	-0.39	0.01	0.003	0.47	0.06	0.007	0.35
		P-value	<2e-16***	0.88	0.95	< 2e-16 ***	0.11	0.86	
	Feeder Cattle	Estimate	0.05		0.02	0.032	-0.07	-0.03	0.01
		P-value	0.24		0.74	0.52	0.135	0.6	
	Lean Hogs	Estimate	-0.71	-0.03	0.09	0.45	0.002	0.03	0.47
		P-value	<2e-16***	0.39	0.02**	< 2e-16 ***	0.96	0.45	
	Live Cattle	Estimate	0.02	0.003		-0.06	-0.013	0.004	0.003
		P-value	0.71	0.96		0.29	0.79	0.93	
	Corn	Estimate	0.01	0.025		0.002	-0.04	0.02	0.003
		P-value	0.84	0.54		0.97	0.38	0.81	
	Soybeans	Estimate	-0.12	0.07		0.64	0.01	0.09	0.43
		P-value	0.002***	0.078*		< 2e-16 ***	0.77	0.012**	
	Soybean Oil	Estimate	-0.12	0.066		0.62	0.0012	0.05	0.39
		P-value	0.003***	0.09*		< 2e-16 ***	0.97	0.16	
	Wheat CBOT	Estimate	0.09	0.02		0.04	-0.08	-0.22	0.06
		P-value	0.052*	0.65		0.44	0.11	9.1e-06***	
	Wheat KCBOT Estimate	-0.006	0.0003		0.03	-0.04	-0.007	0.002
		P-value	0.89	0.99		0.61	0.47	0.89	

Note: The table show the results of regression:

Table 4 .

 4 6: Futures returns and CITF Total

			∆InventoryProxy	CITF Total	CITF Total(-1)	∆HP	∆Dollar	∆r	R 2
	Cocoa	Estimate	-0.275	0.100	-0.056	0.532	-0.010	-0.112	0.390
		P-value	6.31e-12 ***	0.016 **	0.167	< 2e-16 ***	0.802	0.004 ***	
	Coffee	Estimate	-0.257	0.087	-0.082	0.635	0.054	0.010	0.410
		P-value	2.01e-10 ***	0.031 **	0.04 **	< 2e-16 ***	0.167	0.788	
	Cotton	Estimate	-0.262	0.130		0.337	0.037	0.012	0.160
		P-value	3.48e-08 ***	0.005 ***		3.05e-12 ***	0.417	0.799	
	Sugar	Estimate	-0.393	0.033		0.442	0.060	0.017	0.330
		P-value	<2e-16 ***	0.422		<2e-16 ***	0.146	0.673	
	Feeder Cattle	Estimate	0.060	0.125		0.015	-0.055	-0.012	0.030
		P-value	0.224	0.012 **		0.761	0.273	0.806	
	Lean Hogs	Estimate	-0.696	0.041		0.468	0.013	0.024	0.480
		P-value	<2e-16 ***	0.266		<2e-16 ***	0.730	0.505	
	Live Cattle	Estimate	0.019	-0.016		-0.058	-0.016	0.004	0.003
		P-value	0.734	0.758		0.308	0.744	0.943	
	Corn	Estimate	0.006	0.012		-0.001	-0.040	0.011	0.002
		P-value	0.908	0.827		0.992	0.430	0.820	
	Soybeans	Estimate	-0.073	0.100		0.607	0.027	0.096	0.440
		P-value	0.05 **	0.011 **		<2e-16 ***	0.471	0.011 **	
	Soybean Oil	Estimate	-0.111	0.174		0.591	0.031	0.055	0.410
		P-value	0.004 ***	1.14e-05 ***		< 2e-16 ***	0.421	0.146	
	Wheat CBOT	Estimate	-0.255	0.144		0.365	0.000	-0.021	0.210
		P-value	2.04e-08 ***	0.002 ***		4.63e-15 ***	0.995	0.640	
	Wheat KCBOT Estimate	-0.004	0.044		0.022	-0.027	-0.007	0.004
		P-value	0.936	0.385		0.673	0.587	0.886	

Note: The table show the results of regression:

Table 4 .

 4 

		7: Bi-monthly regression results comparison (a)
	CITF on proxy-inventory	ETF on proxy-inventory	CITF Total on proxy-inventory
	lag=0	lag=1	lag=0	lag=1	lag=0	lag=1
	Cocoa					
	Coffee					
	Cotton					
	Sugar					
	Feeder Cattle					
	Lean Hogs					
	Live Cattle					
	Corn					
	Soybeans					
	Soybean Oil					
	Wheat CBOT					-
	Wheat KCBOT					

Table 4 .

 4 8: Bi-monthly regression results comparison (b) The blue boxes indicate the case where index flows have significant positive impact on the inventory proxy (upper table) or the futures price return (bottom table

	CITF on returns	ETF on returns	CITF Total on returns
	lag=0	lag=1	lag=0	lag=1	lag=0	lag=1
	Cocoa					
	Coffee					
	Cotton					
	Sugar					
	Feeder Cattle					
	Lean Hogs					
	Live Cattle					
	Corn					
	Soybeans					
	Soybean Oil					
	Wheat CBOT					
	Wheat KCBOT					
	Note:					

Table 4 .

 4 9: Monthly regression results comparison (a)

	CITF on proxy-inventory	ETF on proxy-inventory	CITF Total on proxy-inventory
	lag=0	lag=1	lag=0	lag=1	lag=0	lag=1
	Cocoa					
	Coffee					
	Cotton					
	Sugar					
	Feeder Cattle					
	Lean Hogs					
	Live Cattle					
	Corn					
	Soybeans					
	Soybean Oil					
	Wheat CBOT					
	Wheat KCBOT					

Table 4 .

 4 10: Monthly regression results comparison (b) The blue boxes indicate the case where index flows have significant positive impact on the inventory proxy (upper table) or the futures price return (bottom table

	CITF on returns	ETF on returns	CITF Total on returns
	lag=0	lag=1	lag=0	lag=1	lag=0	lag=1
	Cocoa					
	Coffee					
	Cotton					
	Sugar					
	Feeder Cattle					
	Lean Hogs					
	Live Cattle					
	Corn					
	Soybeans					
	Soybean Oil					
	Wheat CBOT					
	Wheat KCBOT					
	Note:					

Table 4 .

 4 11: Specific period study: 06/2006-30/06/2008 (Commodities' boom) a

	CITF on proxy-inventory	ETF on proxy-inventory	CITF Total on proxy-inventory
	lag=0	lag=1	lag=0	lag=1	lag=0	lag=1
	Cocoa					
	Coffee					
	Cotton					
	Sugar					
	Feeder Cattle					
	Lean Hogs					
	Live Cattle					
	Corn					
	Soybeans					
	Soybean Oil					
	Wheat CBOT					
	Wheat KCBOT					

Table 4 .

 4 12: Specific period study: 06/2006-30/06/2008 (Commodities' boom) b We repeat the analyses above for four sub-samples: Table 4.11 and 4.12: 06/2006-30/06/2008 (commodities' boom), Table 4.13 and 4.14: 07/2008-31/01/2009 (commodities' collapse), Table 4.15 and 4.16: 02/2009-31/03/2011 (recovery) and Table 4.17 and 4.18: 04/2011-2014 (fall in commodities prices). The blue boxes indicate the case where index flows have significant positive impact on the inventory proxy (upper table) or the futures price return (bottom table

	CITF on returns	ETF on returns	CITF Total on returns
	lag=0	lag=1	lag=0	lag=1	lag=0	lag=1
	Cocoa					
	Coffee					-
	Cotton					
	Sugar					
	Feeder Cattle					
	Lean Hogs					
	Live Cattle					
	Corn					
	Soybeans					
	Soybean Oil					
	Wheat CBOT					
	Wheat KCBOT					
	Note:					

Table 4 .

 4 19: No-agricultural commodities (a)

	Weekly		Bi-monthly		Monthly	
	ETF on proxy-inventory	ETF on proxy-inventory	ETF on proxy-inventory
	lag=0	lag=1	lag=0	lag=1	lag=0	lag=1
	Aluminium					
	Brent					
	Copper					
	Gold					
	Nickel					
	Silver					
	Zinc					
			Table 4.20: No-agricultural commodities (b)
		Weekly	Bi-monthly		Monthly
		ETF on returns ETF on returns ETF on returns
		lag=0 lag=1 lag=0 lag=1 lag=0 lag=1
	Aluminium					
	Brent					
	Copper					
	Gold					
	Nickel					
	Silver					
	Zinc					

Note: The tables 4.19 and 4.20 summarize the results of the above regressions for seven non-agricultural commodities: Aluminum, Brent, Copper, Gold, Nickel, Silver and Zinc. The blue boxes indicate the case where index flows have significant positive impact on the inventory proxy (upper table) or on the futures price returns (bottom table). The retained significance threshold is the 90% level.

Table 4 .

 4 21: Correlation between Stock-to-use and different inventory proxy methods

			Proxy using spot prices	Proxy using M2/M1	Proxy using one-year-distance contracts
		Corn	0.01 (0.90)	0.30 (0.003)	0.26 (0.01)
	Stock-to-use	Soybean	-0.13 (0.13)	0.56 (7.5e-09)	0.34 (0.00008)
		Wheat	-0.08 (0.34)	0.12 (0.28)	0.76 (<2.2e-16)

Table 4 .

 4 22: Relationship between CITF and inventory proxy using alternative calendar spreads a)

	M1/spot								
			∆Inventory(-1)	CITF	CITF(-1)	∆HP	∆Dollar	∆r	R 2
	Corn	Estimate P-value	0.400 <2e-16 ***	0.060 0.340		0.160 0.001 ***	0.020 0.680	0.040 0.390	0.180
	Soybean	Estimate P-value	-0.040 0.420	-0.034 0.510		0.140 0.008 ***	0.020 0.750	0.120 0.013 **	0.040
	Wheat	Estimate P-value	-0.030 0.490	0.090 0.06*			0.150 0.230	0.060 0.230	0.060 0.190	0.040
			∆Inventory(-1)	CITF total	CITF total(-1)	∆HP	∆Dollar	∆r	R 2
	Corn	Estimate P-value	0.390 <2e-16 ***	0.060 0.180				0.150 0.001***	0.030 0.550	0.040 0.360	0.190
	Soybean	Estimate P-value	-0.037 0.460	0.080 0.110				0.110 0.03**	7.000 0.890	0.120 0.01**	0.040
	Wheat	Estimate P-value	-0.030 0.510	0.120 0.026 **		0.009 0.870	0.150 0.003***	0.070 0.140	0.060 0.210	0.050
			∆Inventory(-1)	ETF flows	ETF flows(-1)	∆HP	∆Dollar	∆r	R 2
	Corn	Estimate P-value	0.410 <2e-16 ***	0.130 0.006 ***			0.150 0.0008 ***	0.020 0.640	0.040 0.390	0.200
	Soybean	Estimate P-value	-0.040 0.380	-0.060 0.220			0.130 0.007 ***	-0.020 0.720	0.120 0.013	0.040
	Wheat	Estimate P-value	-0.030 0.480	0.020 0.740		-0.050 0.300	0.170 0.0007 ***	0.040 0.410	0.060 0.220	0.030

Note: The table show the results of regression:

Table 4 .

 4 23: Relationship between CITF and inventory proxy using alternative calendar spreads b)

	M1-M2							
			∆Inventory(-1) CITF CITF(-1)	∆HP		∆Dollar	∆r	R 2
	Corn	Estimate P-value	-0.037 0.44	-0.033 0.527		0.18 0.0005***	0.003 0.94	0.015 0.031 0.759
	Soybean	Estimate P-value	-0.19 0.0009***	0.056 0.285		-0.145 0.0056***	0.003 0.948	0.01 0.83	0.054
	Wheat	Estimate P-value	-0.144 0.003***	-0.005 0.925		0.107 0.03**		0.056 0.258	-0.584 0.04 0.23
			∆Inventory(-1) CITF total CITF total(-1)		∆HP	∆Dollar	∆r	R 2
	Corn	Estimate P-value	-0.036 0.463	-0.03 0.549			0.173 0.0004***	0.002 0.97	0.01 0.81	0.03
	Soybean	Estimate P-value	-0.185 0.0001***	0.036 0.228				-0.133 0.007***	0.004 0.93	0.004 0.06 0.94
	Wheat	Estimate P-value	-0.143 0.003***	-0.046 0.368	-0.044 0.387		0.108 0.027**	0.07 0.16	-0.07 0.045 0.17
			∆Inventory(-1)	ETF	ETF(-1) ∆HP	∆Dollar	∆r	R 2
	Corn	Estimate P-value	0.007 0.98	-0.015 0.775		0.07 0.158	-0.01 0.84	-0.01 0.06 0.78
	Soybean	Estimate P-value	-0.13 0.009***	0.03 0.6	-0.3 0.013** 0.02** -0.012	0.004 0.94	-0.02 0.03 0.77
	Wheat	Estimate P-value	-0.154 0.002***	-0.03 0.56		0.09 0.06**	-0.05 0.27	-0.06 0.04 0.23

Table 4 .

 4 25: The impact of CITF using stock-to-use ratio

			CITF total	Intercept	R-squared
		Wheat	0.31(0.26)	0.001(0.78)	0.02
	Stock-to-use	Corn	-0.17(0.4) -0.0005(0.87)	0.01
		Soybean 0.07(0.65)	-0.001(0.49)	0.004
			CITF	Intercept	R-squared
		Wheat	0.13(0.11)	0.02(0.72)	0.10
	Stock-to-use	Corn	-0.13(0.15) -0.08(0.34)	0.05
		Soybean 0.06(0.62) -0.06(0.30)	0.01
			ETF	Intercept	R-squared
		Wheat	0.02(0.79)	0.01(0.75)	0.001
	Stock-to-use	Corn	-0.10(0.27) -0.08(0.38)	0.03
		Soybean -0.13(0.21) -0.09(0.41)	0.08

Note:The regression specification is:

Table 4 .

 4 26: Relationship between prices returns and CITF using spot prices

			∆Inventory(-1) CITF CITF(-1)	∆HP	∆Dollar	∆r	R 2
	Corn	Estimate P-value	-0.02 0.65		-0.08 0.06*	0.5 <2e-16***	0.05 0.31	0.03 0.26 0.42
	Soybean	Estimate P-value	-0.14 0.00004***	0.06 0.15	-0.04 0.29	0.61 <2e-16***	0.01 0.79	0.06 0.41 0.06*
	Wheat	Estimate P-value	0.16 0.001***	0.04 0.43	-0.09 0.04**	0.31 1.4e-10***	-0.05 0.32	-0.03 0.15 0.54
			∆Inventory(-1) CITF total CITF total (-1)	∆HP	∆Dollar	∆r	R 2
	Corn	Estimate P-value	-0.03 0.53	0.09 0.06*		-0.06 0.21	0.48 <2e-16***	0.07 0.13	0.04 0.4	0.26
	Soybean	Estimate P-value	-0.15 0.0001***	0.11 0.008***		0.6 <2e-16***	0.04 0.34	0.08 0.05**	0.41
	Wheat	Estimate P-value	0.14 0.003***	0.14 0.003***		0.31 1.9e-10***	-0.01 0.78	-0.04 0.16 0.44
			∆Inventory(-1) ETF flows ETF flows (-1)	∆HP	∆Dollar	∆r	R 2
	Corn	Estimate P-value	-0.02 0.68	0.02 0.62			0.5 <2e-16***	0.06 0.16	0.04 0.25 0.38
	Soybean	Estimate P-value	-0.14 0.001***	0.08 0.04**			0.62 <2e-16***	0.02 0.66	0.07 0.41 0.07*
	Wheat	Estimate P-value	0.15 0.001***	0.02 0.72		0.32 4.1e-11***	-0.05 0.32	-0.04 0.15 0.43

Note: The table show the results of regression:

Table 4 .

 4 27: Table of AIC for choosing lag number in the regression

	AIC	CITF	CITF on proxy-inventory CITF +CITF(-1) CITF(-1)	ETF	ETF on proxy-inventory ETF + ETF(-1) ETF(-1)	CITF Total	CITF total on proxy-inventory CITF Total +CITF Total(-1)	CITF Total(-1)
	Cocoa	-33.07		-31.7	-32.07	-32.6		-28.69	-32.59	-34.65	-31.63	-33.51
	Coffee	-15.48		-13.51	-15.51	-19.33		-14.23	-18.7	-13.99	-13.89	-11.01
	Cotton	4.06		2.65	2.06	1.69		3.47	2.07	1.47	4.49	2.5
	Sugar	-40.36		-37.69	-38.41	-26.87		-25.62	-18.4	-51.69	-50.7	-47.1
	Feeder Cattle	2.44		2.65	4.16	1.42		2.7	3.7	1.99	3.04	2.29
	Lean Hogs	-2.15		-2.53	-3.91	-3.58		-2.29	-2.79	-1.69	-3.91	-3.08
	Live Cattle	-6.36		-3.24	-2.64	0.8		0.97	0.89	-1.5	0.39	-1.03
	Corn	-12.04		-10.05	-10.56	-3.79		0.21	-3.06	-11.93	-9.61	-11.26
	Soybeans	-36.17		-35.86	-34.02	-28.1		-30.1	-27.8	-34.05	-30.7	-29.6
	Soybean Oil	-58.52		-56.8	-55.14	-53.57		-51.36	-50.76	-51.53 -	49.31	-50.9
	Wheat CBOT	-14.31		-12.63	-12.03	-13.71		-11.68	-13.58	-9.83	-14.66	-13.39
	Wheat KCBOT	-10.33		-9.9	-13.63	-12.17		-10.56	-11.1	-11.25	-10.2	-9.01
	AIC	CITF		CITF on returns CITF +CITF(-1)	CITF(-1)	ETF	ETF on returns ETF + ETF(-1)	ETF(-1)	CITF Total	CITF total on returns CITF Total +CITF Total(-1)	CITF Total(-1)
	Cocoa	-25.75		-25.7	-22.84	-13.92	-18.68	-17.1	-2.07	-3.27	-3.14
	Coffee	-38.55		-39.05	-29.02	-29.01	-26.8	-26.29	-31.95	-32.91	-26.04
	Cotton	-14.92		-13.02	-12.01	-4.59	-6.58	-4.58	7.3	-7.1	-6.36
	Sugar	-6.96		-5.54	-2.93	2.48	2.16	4.01	-3.96	-2.54	-3.64
	Feeder Cattle	-119.49	-207.45	-203.45	-490.91	-492.26	-495.35	-213.98	-206.44	-211.45
	Lean Hogs	-10.51		-9.44	-7.53	-4.81	-10.79	-9.16	-10.94	-9.02	-9.43
	Live Cattle	3.42		4.45	4.15	4.4		4.7	4.95	4.2	4.51	5.5
	Corn	4.01		5.66	4.25	7.5		7.9	7.76	5.65	5.89	5.93
	Soybeans	-46.86		-42.9	-45.9	-23.82	-20.96	-19.5	-30.05	-26.13	-24.98
	Soybean Oil	-25.31		-23.81	-25.3	-29.33	-28.22	-23.85	-33.9	-33.31	-33.33
	Wheat CBOT	-189.58	-188.79	-178.54	-266.42	-260.92	-194.22	-189.97	-177.82	-189.79
	Wheat KCBOT	4.42		4.61	4.77	6.81	7.81	8.66	3.14	6.16	4.34
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 5 

				1: Correlation of major variables
			GSCI	IR	Dollar	Inflation
		GSCI	1	0.039(1.24)	-0.13(-4.01**)
	2001/2005	IR Dollar		1	-0.19(-6.06***) 1
		Inflation			
		GSCI	1	0.024(1.13) -0.36(-18.56***)
	2005/2008	IR Dollar		1	-0.11(-5.02**) 1
		Inflation			
		GSCI	1	0.038(1.5) -0.38(-16.76***) 0.29(11.86***)
	2008/2014	IR Dollar		1	0.11(-4.35**) 1	0.06(2.5) -0.09(-3.59**)
		Inflation				1

Note: Correlation matrix of variables GSCI return, Eurodollar futures return, Dollar index return and inflation swap return. For the first two samples, 2001/2005 and 2005/2008, result of inflation is missing due to lack of inflation swap data in these two periods. Inside the parentheses, it gives the t-test of correlation. (*** significant at 1%, ** significant at 5%, * significant at 10%.).
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 5 3: Observation before 2008: 2005/2008 (21 unexpected events)

	Commodity index returns	Commodity index and dollar index Dollar index Intercept R-squared Eurodollar futures Intercept R-squared Commodity index and Eurodollar futures
	GSCIAR	-0.21	-0.40	0.30	0.13	-0.37	0.09
		0.01***	0.04**		0.18	0.09*	
	GSCIEN	-0.34	-0.06	0.40	-0.07	0.07	0.02
		0.002***	0.80		0.6	0.81	
	GSCIIN	-0.37	-0.56	0.38	0.05	-0.45	0.006
		0.003***	0.046**		0.75	0.19	
	GSCI	-0.42	-0.11	0.46	-0.07	0.05	0.012
		0.0008***	0.67		0.64	0.89	

Table 5 .

 5 4: Observation before 2008: 2000/2005 (16 unexpected events) The table gives the results of 3 regressions, regression (a):Y i = α + βDollar; i +ε i ; regression (b):Y i = α + βEurodollar; ; i +ε i ;regression(c):Y i = α + βI nf lation; ; i +ε i Y i : changes of commodity index spot returns on the event days. All variables are standardized and include two samples from 2005 to 2008 (upper table) and from 2000 to 2005 (bottom table). Unexpected event days are defined as the Fed monetary policy announcement days when dollar index returns excessed 1.65 standard deviation. The index of dependent variables are the returns of: GSCIAR: Agricultural index; GSCIEN: Energy index; GSCIIN: Industrial index; GSCI: Broad commodity index.The independent variables are: Eurodollar futures returns; the dollar index, which measures the value of dollar against a trade-weighted weighted basket of foreign currencies; inflation swap returns. t-statistics are given italicized after every parameter. (*** significant at 1%, ** significant at 5%, * significant at 10%.)

	Commodity index returns	Commodity index and dollar index Dollar index Intercept R-squared Eurodollar futures Intercept R-squared Commodity index and Eurodollar futures
	GSCIAR	0.13	-0.255	0.116	-0.26	-0.32	0.07
		0.197	0.28		0.1838	0.048**	
	GSCIEN	0.07	0.014	0.03	0.57	0.07	0.16
		0.53	0.96		0.04**	0.76	
	GSCIIN	-0.33	-0.71	0.25	0.26	-0.296	0.032
		0.05**	0.06*		0.39	0.21	
	GSCI	0.029	-0.019	0.005	0.60	0.023	0.18
		0.794	0.94		0.03**	0.91	
	Note:						
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 5 5: Results based on unexpected event found from inflation swap : changes of commodity index spot returns on the event days. All variables are standardized and include the sample from 16/09/2008 to 31/10/2014 with 26 unexpected events. Unexpected event days are defined as the Fed monetary policy announcement days when inflation swap returns excessed 1.65 standard deviation.The index of dependent variables are the returns of: GSCIAR: Agricultural index; GSCIEN: Energy index; GSCIIN: Industrial index; GSCI: Broad commodity index.The independent variables are: Eurodollar futures returns; the dollar index, which measures the value of dollar against a trade-weighted weighted basket of foreign currencies; inflation swap returns. t-statistics are given italicized after every parameter.(*** significant at 1%, ** significant at 5%, * significant at 10%.). Number of observations: 26.

	Commodity index and Eurodollar futures Commodity index and Dollar index	Eurodollar futures Intercept R-squared Dollar index Intercept R-squared	-0.11 0.182 0.05 -0.29 -0.017 0.19	0.36 0.44 0.029* 0.92	-0.051 .41 0.004 0.35 0.24 0.149	0.78 0.26 0.06* 0.345	0.33 0.078 0.21 -0.39 0.16 0.19	0.04** 0.79 0.03** 0.50	-0.02 0.38 0.001 -0.39 0.204 0.204	0.90 0.27 0.02** 0.38	βDollar; i +ε i ; regression (b):Y i = α + βEurodollar; ; i +ε i ;regression(c):Y i = α + βInf lation; ;
	Commodity index and inflation swap	Commodity index returns Inflation swap Intercept R-squared	GSCIAR 0.02 0.09 0.161 0.605 0.083	GSCIEN 0.06 0.45 0.007*** 0.062. 0.28	GSCIIN 0.02 0.29 0.39 0.28 0.032	GSCI 0.055 0.42 0.008*** 0.07* 0.27	Note: The table gives the results of 3 regressions, regression (a): Y i = α +

i +ε i Y i

Table 5 .

 5 6: Transmission channels: Inventory and trading position Y i = α + βDollar; i +ε i ; regression (b): Y i = α + βEurodollar; ; i +ε i ;Y i : the transmission channels, which are: Weekly data of CITF: aggregate 12 agricultural Commodity index flows from COT report from CFTC; commercial/ speculative positions of 12 agricultural commodity futures contracts from CFTC report and Daily inventory are averaged inventory proxy for 12 agricultural commodities. This "inventory proxy" is defined as the performance of a strategy selling the first maturity after the closest harvest and buying the first maturity after the second-closest harvest:I (t) = Π i�t-∆t � , with F2 the price of the second-closest harvest futures contract. F1 is the price of the closest harvest contract. Daily ETF is three major ETF tracking generalist commodity indices: DBC-US, UJ-UBS, and GSCUS. All variables are standardized and include the sample from 16/09/2008 to 31/10/2014. Unexpected event days are defined as the Fed monetary policy announcement days when inflation swap returns excessed 1.65 standard deviation. The independent variables are: Eurodollar futures returns; the dollar index, which measures the value of dollar against a trade-weighted weighted basket of foreign currencies; inflation swap returns. (*** significant at 1%, ** significant at 5%, * significant at 10%.)

		Dollar index	Intercept	R-squared	Eurodollar futures	Intercept	R-squared
	CITF	0.032		-0.02	0.002	-0.02	-0.003	0.03
		0.794		0.022**		0.305	0.035**
	Non-commercial	0.089		1.427	0.029	0.053	1.422	0.004
		0.301	2.05e-13***		0.693	5.13e-13***
	Commercial	-0.01		-0.04	0.065	0.015	-0.043	0.078
		0.117	0.00004***		0.086*	1.62e-05***
	ETF	-0.05		0.112	0.016	-0.161	0.09	0.04
		0.27			0.89		0.36	0.97
	Inventory	0.21	-8.12e-05	0.046	0.18	2.15e-05	0.32
		0.27			0.89		0.36	0.97
	Note: Regression (a): � 1 +	F2 i+∆t -F2 F2 i	-	F1 i+∆t -1 i F1 i

Table 5 .

 5 8: Role of dollar in the variation of commodity prices : changes of commodity index spot returns on the event days. All variables are standardized and include the sample from 16/09/2008 to 31/10/2014 with 39 unexpected events. Unexpected event days are defined as the Fed monetary policy announcement days when inflation swap returns excessed 1.65 standard deviation. The index of dependent variables are the returns in foreign currencies of: GSCIAR: Agricultural index; GSCIEN: Energy index; GSCIIN: Industrial index; GSCI: Broad commodity index. Commodity index prices are transformed in foreign currencies by multiplying dollar index. The independent variables are: Eurodollar futures returns; the dollar index, which measures the value of dollar against a trade-weighted weighted basket of foreign currencies; inflation swap returns. t-statistics are given italicized after every parameter. Significant code: "*" significant at 10%, "**" significant at 5%, "***" significant at 1%. Number of observations: 39

	Commodity index and inflation swap	Inflation swap R-squared Intercept	0.01 0.004 0.15	0.71 0.5	0.07 0.07 0.09	0.74	0.02 0.01 -0.04	0.88	0.06 0.06 0.13	0.18 0.66
	Commodity index and Eurodollar futures	Eurodollar futures R-squared Intercept	-0.34 0.02 0.18	0.17 0.38	-0.26 0.02 0.002	0.39 0.14 0.99	-0.42 0.03 0.09	0.14 0.69 0.72	-0.32 0.03 0.06	0.31 0.82
	Commodity Index returns(in foreign currencies) Intercept R-squared Commodity index and dollar index Dollar index	0.13 0.01 GSCIAR -0.02	0.57 0.8	-0.02 0.01 GSCIEN -0.06	0.94 0.6	-0.08 0.01 GSCIIN -0.05	0.75 0.6	0.02 0.004 GSCI -0.04	0.93 0.7	Note:The table gives the results of 3 regressions, regression (a):Y

i = α +βDollar; i +ε i ; regression (b):Y i = α +βEurodollar; ; i +ε i ;regression(c):Y i = α +βInf lation; ; i +ε i Y i
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 5 9: Synthesis table

	unexpected event selection criteria

  2008-11-25 Fed conducted an auction of 150 billion dollars in 13-day credit through its Term Auction Facility AND Minutes of Board discount rate meeting/ discount rate and primary credit rate. Il released also the creation of the Term Asset-Backed Securities Loan Facility (TALF) and Fed will initiate a program to purchase the direct obligations of housing-related government-sponsored enterprises (GSEs)-Fannie Mae, Freddie Mac, and the Federal Home Loan Banks-and mortgagebacked securities (MBS) backed by Fannie Mae, Freddie Mac, and Ginnie Mae Balance sheet/IR -1.978 -1.827 2008-12-15 Federal Reserve will offer 150 billion dollars in 28-day credit through its Term Auction Facility today Guidance -2.443 -0.421 2008-12-16 FOMC statement: Economic outlook has weakened/Inlfation pressure declined and is expected to moderate further/ Committee's policy going to purchase large quantities of agency debt and mortgage-backed securities to provide support to the mortgage and housing markets, and it stands ready to expand its purchases of agency debt and mortgage-backed securities as conditions warrant Balance sheet/Guidance -2.817 0.006 2008-12-19 Fed released revised terms and conditions; questions and answers detailing operational aspects of the Term Asset-Backed Securities Loan Facility (TALF) and It will conduct three auctions of 28-day credit and three auctions of 84day credit through its Term Auction Facility (TAF)

			Guidance	3.174	0.075
	2009-1-13	Fed conducted an auction of 150 billion dollars	Balance sheet/IR	1.980	0.536
		in 28-day credit through its Term Auction Facil-			
		ity;It release the Minutes of Board discount rate			
		meeting			
	2009-3-18	FOMC statement: Economic continues to con-	Balance sheet/Guidance -3.608 -0.501
		tract and inflation could persist for a time be-			
		low rates that best foster economic growth and			
		price stability in the longer term			

La contrainte est que la politique de stockage ne fonctionne pas très bien parce qu'il est difficile d'identifier les prix appropriés. De plus, les politiques mises en place peuvent décourager la spéculation excessive, et souffrent de la même inefficience à cause de la complexité des contrats dérivés.

It should be noted that the seasonality is taken into account by a trigonometric function in the beginning of this work; however it is difficult to find the parameters with the optimization algorithm and, even if the estimated parameters were found, the results were inconsistent and impossible to interpret.

Further research may be conducted also on the correlation of positive and negative jump sizes.

Parameters are estimated by using Matlab. A brief Matlab code is given in the annex

Volatility in the table of descriptive statistic can be transformed to be annual by multipliering √ 252

Expected shortfall, ES α = E[X|X ≤ V aR α ], with X, the loss of portfolio

More information about new stock proxy can be referred toGuilleminot et al. (2013). In this article, the new inventory proxy is compared with stock-to-use ratio in USA. Regression analysis between inventory proxy changes and stock-to-use ratio changes has shown a highly significant relation for both end-year data and monthly data.

For example, in the case of corn (resp. wheat) futures at the CBOT, the strategy shorts the prompt December (resp.July) month and longs the subsequent December (resp. July) month. When reaching the last trading day of the prompt December contract, the strategy moves to the next two December contracts available. For soybeans, we use the November contract instead of the December contract.We use also alternative contracts F1 and F2(spot vs first-nearby, first-nearby vs second-nearby spreads). These results can be obtained by requiring authors.

Table of choosing lag number is given in appendix.

The three global commodity index ETFs considered are: Powershares DB, IPATH Dow-Jones-UBS and ISHARES SP GSCI. They represent the lion's share of ETF investment into generalist commodity indices.

For example, in an advance notice of proposed rulemaking in

2014, the Federal Reserve proposed to restrict the activities of financial holding companies so as to control any potential risk that might pose a threat to financial stability from the commodity markets.

The Eurodollar futures contract refers to a financial futures contract based upon the deposits denominated in US dollars at banks outside the US.

3-months term Eurodollar futures contracts are used in our analysis. Eurodollar futures prices have a negative relationship with the interest rate.3 The dollar index measures the exchange rate of the dollar against a trade-weighted basket of foreign currencies.

We carefully check the information content in each identified unexpected communications day. Four events corresponding to "fixed-rate offering of term deposits" are less likely than others to represent monetary surprises. However, we retain these four events in order to preserve a significant number of unexpected monetary events and further the robustness of the statistical relation identified between commodities prices returns and monetary surprises.

The calculation of delayed returns is based on the standardized returns series for every index as in the regression analysis

Inflation swap rates are not available before 2008.

Eurodollar futures returns have a positive relation to net commercial positions but are negatively related to forward interest rate changes.

Appendix

There are apparent price changes on these two days. A similar phenomenon may also be found in other years. In this paper, the estimation is carried out on 10 harvests separately by considering wheat from different harvests as distinct products (different qualities). Calendar spread is the return of a strategy longing the first-nearby futures contracts and shorting the spot price. Spot prices return represents the return of the spot pries of each commodity.

For bi-monthly data, we observe data every other Thursday; and for monthly data, the last Thursday of every month.
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The impact of Central Banks' announcements on commodities markets

Abstract

In a context of financialization of commodities markets, this paper assesses the impact of unexpected monetary announcements on commodities prices. In an era of Zero Interest Rate Policy, monetary policy surprises are characterized alternatively through forward interest rates, dollar index and inflation swap rate variations during the days with Federal Reserve announcements. Overall, we find that monetary surprises have sizable effects on commodities markets on the day of the announcement. Negative monetary policy surprises have instantaneous as well as delayed effects on commodity prices, which exhibit a negative trend up to ten days after the event. In an additional analysis, we investigate the channels through which monetary policy shocks affect commodity prices. We reject explanations through the inventory or investors' portfolio rebalancing channels (Frankel, 2006) and provide evidence in support of the "dollar debasement" channel, whereby commodities prices appreciate in terms of a debased currency in order to maintain their absolute level in terms of major foreign currencies. Our results have several implications. First, we provide direct evidence that commodity markets may be impacted by monetary policy announcements. Second, this work may provide an explanation for the increased correlation between dollar, traditional investment classes and commodity prices over the last decade.