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Overview

In the discussion of the causes of the recent crude oil price uprising, one key question is whether speculation played an important role in driving up the oil price during 2007-2008. On its face, the rapid inflation and collapse of the oil price does seem like a bubble. While both strong demand for crude oil from emerging markets like China and India and slower growth in world supply contribute to the price spike, the 2000’s has also seen a rapidly growing trading volumn in the crude oil futures market, and a influx of speculators, as categorized by CFTC. The answer to this question has important implications on the role of government in financial market regulation. To answer this question, researchers, regardless of their stand on it, turn to inventory for a better understanding of the speculative or precautionary incentive in the oil market, as intuitiavely anticipation of future increases in oil price could lead to speculative inventory increase. This paper studies the short-run inventory-price dynamics in the crude oil market in response of different shocks. Especially we consider the effect of a news shock about future market condition on the dynamics. This news shock represents the market expectation about future oil demand and supply condition. Using data on crude oil price, inventory and supply, WE am able to identify the shocks driving behind the oil price fluctuations during the past two decades, and this will help the understanding of the oil price fluctuations in general, and the recent price spike in specific. WE also test the forecasting ability of the model for oil price.
Methodology
We propose to study the inventory-price dynamics in an equilibrium model in which inventories, sales and prices are determined endogenously under rational expectation. Inventory could be especially helpful in understanding the short-run price dynamics and sources of underlying shocks, as different shocks could potentially cause different inventory-price dynamics. We also bring the model to crude oil market data, estimate and  evaluate the effects of different shock processes, in the attempt to better understand the recent price fluctuations.
The role of inventory and its effects on prices has been studied in earlier works like Wright(1982) and Deaton and Laroque (1992, 1996). Dvir and Rogoff (2010) extend the canonical competitive storage model and show that the price effects of storage arbitrage and the resulting price distribution depend on the types of shocks in the market. Theoretically in the presence of persistent growth shocks to the supply/demand, rational storage behavior might actually enhance price volatility, which enriches earlier understanding of competitive storage’s price-smoothing effect (Wright(1982)). 

Arseneau and Leduc (2012) improve the simulated price distribution from the canonical competitive storage by embeding it into a general equilibrium model framework. While in this paper we don't attempt to model the price-inventory dynamics in a general equilibrium context, we also consider inventory decision and the resulting price as being subject to different shocks. The equilibrium context enables us to study the dynamic price response to different shocks to the oil market through inventory-holding.

In this paper we show that the short-run price dynamics implied from rational storage behavior in a competitive market indeed depends on the persistence of shocks. The model follows the tradition of Pindyck (1994) and related literature. In specific, we model the profit-maximizing firms’ decision on inventory-holding, and the exogenous shock processes to the demand/suppy. Price is then endogenously determined in equilibrium. The cost inventory-holding is also explicitly modelled. The model is log-linearized and solved using Blanchard and Kahn (1980). In simulation, we consider three shocks to the market demand/supply: a persistent shock, a temporary shock, and a news shock about future market condition. Simulated impulse response functions of the model provide us insights on the short-run price-inventory dynamics in response to different shocks.
In addition to theoretical implication on the price-inventory dynamics, we estimate the model using maximum likelihood method, with monthly data on crude oil price, inventory, and oil supply from January 1988 to April 2011. This enables us to uncover the underlying shock processes during the same period, and analyse the cumulative effects of the shocks on prices and inventory. The forecasting ability of the model is also tested using one-step ahead out-of-sample forecast, and compared to futures prices and random walk process.
Results

Our model shows that indeed different shocks generate different profiles of price-inventory dynamics. In specific, an increase in expected future price isn’t always accompanied with an accumulation of inventory. Under the specific parameterization, we show that a normal shock to supply relative to demand raises the expected future price and lower the inventory holding, while a news shock raises both. This enriches the common intuition on how inventory is linked to expectation of future price and the speculative incentive. Instead, it’s the future-spot spread that seems to always move in opposite direction with inventory.

The estimation of the model is able to identify a highly persistent shock, a white-noise temporary shock and a random-walk news shock. The time series of the filtered shocks using Kalman filter seem to indicate overall a strong belief in tigher future market condition starting from early 2000s. In addition the persistent shock also reflect a increasingly tigher market during the same period. In specific, the collapse of crude oil price in 2008 is mostly due to the weaker market condition, while the strong belief in tight future market still persists. Such pattern is different from earlier price fluctuations in 1990s. Cumulative effects of the shocks on prices and inventory show that inventory relative to world supply was lower than normal during 2007-2008, and this has been the case since early 2000s. The effective inventory was drawn down because of the limited supply relative to strong demand, and it would have been even lower had there been no speculative incentive to accumulate inventory for the future. At the same time, the persistent shock and news shock work in the same direction in driving up the real prices of oil, with the persistent shock contributing the most.
The forecasting test of the estimated model show that, in both 1-month and 6-month ahead out-ofsample forecasts, the model outperforms a random walk, and performs as well as corresponding futures prices. In 2-month and 3-month cases, the model outperforms a random walk, and is outperformed by corresponding futures prices. In 8-month and 12-month cases, the model outperforms both random walk and corresponding futures prices.
Conclusions

Introducing different shocks to an equilibrium model of inventory and price of the crude oil market, we show that the price-inventory dynamics could be different depending on the nature of the driving shocks. An increase in expected future price isn’t always accompanied with an accumulation of inventory. Our estimation indicates a strong belief in tigher future market condition starting from early 2000s. Our findings confirm a shift in the long-term expectation about the future supply relative to demand in 2004. The role of expectation shift in driving up the real spot price is limited though, according to our estimates. Such expectation does contribute to the real futures prices, especially those with longer maturity terms. This speculative incentive alone has driven up effective inventory above its steady state level, but this accumulating effect is dominated by the depletion of inventory due to the persisting constrained world supply relative to demand starting from the end of 1999. Overall we find the effective inventory lower than its steady state level in the 2000s.

The contribution of this paper is twofolded. First it enriches the understanding of the price-inventory dynamics and how inventory is linked to expectation and speculative incentive in the market. Second, applying the model to data, it also helps better understand the oil price fluctuations overtime, especially during recent years. Our conclusion would have implications on the role of government in regulating the financial market.
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