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	Paper Title: The Inter-connectivity between Fuel and Food Markets: Evidence from Biodiesel Market in the United States 
	Abstract: The previous literature does not appropriately focus on the United States, one of the largest biodiesel producers, mingling price series in different countries. It employs spot and futures price series, although financial markets hold heterogeneous characteristics to the local markets with non-commercial traders (i.e. speculators) who amplify price volatility by placing various types of positions (e.g. leveraged long and short positions). The present article is the first to apply the partial wavelet coherence and the Diebold-Yilmaz Connectedness Index in biodiesel price transmission research, concentrating on non-futures markets in the United States. Our research investigates the price inter-connectivity between biodiesel, highway diesel, crude oil and soybean, using the aforementioned state-of-the-art econometric techniques. The outcomes predominantly exhibit consistency between the two methodologies, implying the robustness of the results. Our main results are as follows: First, the significant-high coherence for biodiesel-soybean, biodiesel-highway diesel and highway diesel-crude oil is identified in the short and long term. Second, crude oil and biodiesel prices are net transmitters, while soybean and highway diesel prices are net receivers. Finally, the crude oil market is the source of spillovers among the four markets strongly influencing the highway diesel market.      
	Keywords: Biodiesel, energy, price transmission, the United States, wavelet coherence,  the Diebold-Yilmaz Connectedness Index 
	JEL Code: C5, Q2, Q11, Q16, Q42 
	Introduction: Biofuel has attracted international attention over the past two decades as a carbon-neutral fuel that is useful to reduce carbon dioxide emissions. Several studies focus on biodiesel markets in European countries since the region accounted for an outstanding share of global biodiesel production. Although the United States is the world’s second-largest biodiesel producer, its biodiesel markets have not been investigated in an appropriate manner. Kristoufek et al. (2012, 2014) use futures prices at the Chicago Board of Trade (CBOT) and the Intercontinental Exchange (ICE) and employ biodiesel spot prices in Germany together with those in the United States. Hence, they do not, strictly speaking, concentrate on the biodiesel market relationships in the United States. In addition, futures and spot markets encompass a sufficient number of non-commercial traders (i.e. speculators) who could proliferate market volatilities, placing long-,  short-, spread and options’ positions with leveraged contracts. The heterogeneity of market characteristics between financial and non-financial markets needs to be carefully considered when discussing the interaction between food and fuel prices that might generate different results. The existing studies analysing the U.S. markets focus on futures and spot prices (Kristoufek et al. 2012, 2014; Vacha et al., 2013). Another issue is that some advanced econometric techniques, such as the partial wavelet and the Diebold-Yilmaz Connectedness Index (DYCI), have been underutilised in the previous literature. 
	Methodology: Two empirical methods are applied in the present study: the multivariate wavelet technique introduced by Aguiar-Conraria and Soares (2014) and the time domain connectedness measures proposed by Diebold and Yilmaz (2012, 2014). To examine the dynamic interaction and lead-lag relationship among soybean, biodiesel, highway diesel and crude oil across time and frequency domain, we employ the multiple wavelet coherency, partial wavelet coherency, partial wavelet phase-diﬀerence. Moreover, the partial wavelet gain is also applied to examine the magnitude of impact among variables at each time and frequency.On the other hand, the Diebold-Yilmaz Connectedness Index (DYCI) is a newly developed method which makes us to better understand the transmission mechanism between variables. The advantage of the DYCI approach is that it provides the direction of pairwise connectedness, which enables understanding of the spillovers between specific variables. We use this method to investigate the directional connectedness and the pass-through source among the prices of food, biofuels, and fossil fuels.
	Results: The results of the partial wavelet coherence between each pair of variables are summarised as follows. 1. Significant-high coherence for biodiesel-soybean, biodiesel-highway diesel and highway diesel-crude oil can be identified both in short term and in long term. 2. Biodiesel positively leads soybean and highway diesel, meanwhile, crude oil positively leads highway diesel in the long term. 3. In the short term, we find that many pairs of variables, such as biodiesel-highway diesel, biodiesel-crude oil and soybean-highway diesel have shared a similar high coherency region running from 2009 to 2014.The empirical results based on the DYCI approach are summarised as follows.1. Crude oil is a net transmitter of shocks to the other three variables whilst soybean is a net receiver of shocks from the other variables.2. Biodiesel have a significant effect on either soybean or highway diesel, meanwhile, crude oil has a great influence on the highway diesel.3. The results of net pairwise connectedness indicates that shocks of biodiesel caused a change of soybean for most of the period. Biodiesel is a net transmitter, whereas highway diesel is a net recipient in 2009-2016. Crude oil is the net transmitter and highway diesel is the net receiver. The connectedness of biodiesel-crude oil, soybean-highway diesel and biodiesel-crude oil fluctuated much more compared to other pairs.Overall, the outcomes of using the DYCI measure are nearly similar to those using the wavelet framework. Therefore, our results prove to be highly robust to the two types of methods.
	Discussion and Conclusion: Our research developed the partial wavelet coherence and DYCI approach to analyse the connectedness between biodiesel and its related markets in the United States. The majority of the results obtained from the experiments shows consistency between the two methods. The primary outcomes are as follows. First, the significant-high coherence for biodiesel-soybean, biodiesel-highway diesel and highway diesel-crude oil are identified both in the short and long term. Second, crude oil and biodiesel prices are net transmitters, while soybean and highway diesel prices are net receivers. Finally, the crude oil market is the causal source among the markets concerned, particularly affecting the highway diesel market. Some policy implications are drawn based on our results. First, biodiesel policies in the U.S. could affect international and importing food markets as biodiesel prices influence soybean prices, and the U.S. is one of the largest soybean exporters. Second, an increase in the Strategic Petroleum Reserve and shale oil production leads to stabilising soybean, highway diesel and biodiesel markets. Third, assuming that financial commodity prices link with local prices, transaction taxes such as the Tobin tax are likely to make the biodiesel, highway diesel and soybean markets more steady.


