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Overview
As economists, we put much faith in the efficacy of markets to produce and allocate the goods we cherish. In a perfect economic world, producers will hold inventories for various reasons. If demand and costs are known with a fair degree of certainty, producers may be buying and selling in batches and may need a certain amount of inventory just to function. They may want to have stocks to smooth production when sales of their products are seasonal or cyclical. They may hold more inventories to be able to take advantage of economies of scale in purchases or sales. In a more realistic stochastic world, where demand and costs are uncertain, additionally producers may want to hedge to avoid price increases for storeable inputs they purchase, and they may want to hold speculative stocks of storeeable products they can sell to take advantage of price spikes. These benefits of inventories will need to be weighed against the cost of inventories including purchase, holding, and stockout costs. 
In a perfect economic world with increasing expected marginal costs and decreasing expected marginal benefits, producers that are maximizing the expected net benefits of inventories will want to hold inventories up to the point where the marginal net benefit of the last unit of inventory equals the marginal net cost. This point should also maximize the social welfare of inventories. In the event of a disruption, a price spike will cause a drawdown of inventories and any remaining disruption will be allocated across markets to the least valued use of the product. So far so good. So why not render onto oil companies a task they do best and let them manage oil allocation during a disruption? The problem arises, if we believe there are negative externalities involved with an oil disruption. Such externalities include losses of output on the wider macroeconomy, which private producers will not consider in their decisions and they may not hold the correct amount of inventories. Or private producers may value private risk, which might deviate from social risk. With such a market failure, there may be a call for the government to step in to provide more inventories in the form of strategic petroleum reserves. Numerous countries including IEA members, as well as major oil importers like China have or are developing government strategic reserves or have placed reserve requirements on private companies. 
As one of the major IEA members, the U.S. was one of the earliest countries to began an SPR. Its SPR had its genesis in the 1975 Energy Policy and Conservation Act. The first oil found a home in the darkness of its caverns on July 21, 1977. Although many studies have made a case for such SPRs and tried to model the optimal amount of SPR fill (see Bai et al. (2012) for a review of such studies), we know of no attempt to evaluate whether such SPRs were a good investment and whether the government had superior abilities to manage a disruption. In our ongoing work, Bai and Dahl (2015), we modeled and estimated the net benefits of the U.S. SPR from 1977-2012. The costs of the SPR included cost and maintenance of the facility, the historical cost of capital, crude acquisition and holding costs net of revenue earned during disruption drawdowns as well as the social cost and macroeconomic cost of disruption. We found the total real cost of the U.S. SPR was $110 billion (2012) dollars, whereas the estimated total real benefit was $67.2 billion. Sensitivity testing suggests this result is fairly robust. However, if the global oil demand and the global GDP elasticity with respect to price are both inelastic enough, we found the net benefit of the U.S. SPR to be positive over this time period. 
However, the real issue is not whether the SPR has a positive net benefit. As with any insurance policy, we expect a negative net cash benefit. Rather, the issue we are interested in is whether the SPR could have been managed more wisely. In this paper, we continue this work by pitting our models that choose optimal fill and drawdown rates against the actual policy fill and drawdown rate from 1977-2012. In our first case, we create a benchmark cost assuming the model is optimizing under perfect foresight using a dyamic programming model derived from Bai et al. (2014). We next model the fill and drawdown rates giving the model the same information that policy makers had over the historical period using a stochastic Markov decision model as described in Bai et al. (2016). Comparing the model results with the actual fill and drawdown rates will indicate whether government performance is at all consistent with maximizing the benefits of the SPR.
Methods
The strategic petroleum reserve can be used as an emergency response tool when oil importers are confronted with an economically-threatening disruption in oil supply. The target is to maximize the net benefts of reserves. The SPR cost consists of oil purchase (cp), facilities construction (cc) and management (cm). We add up the net investment as 


where rs is the sale revenue of SPR plus the value of the remaining oil in the SPR at the end period of the model. γ is the interest rate in period t. 
Now let st be the stock held in the SPR in year t and ut be the SPR drawdown (when negative) or the fill amount (when positive) in year t. We simplify the above expression for year t into an aquistion cost ptut and a holding cost (ut+st-1). Where pt is the price of oil in year t and  is the annual holding cost. 
A disruption may induce economic losses in two categories, the direct net society loss in welfare (ctw) equal to the loss in consumer surplus from a disruption price increase minus the gain in producer surplus plus any indirect externalities in the form of the macroeconomy adjustment loss (ca). We can see the direct society loss in Fig. 1. This change in welfare is sometimes broken into the deadweight losses area A and C plus the welfare transfer to foreigners for imports, area B.


Fig. 1 The deadweight loss and excess import cost in a disruption.
SPR release will add oil to the market and reduce these loses. During non-disruption periods, if demand is not perfectly inelastic, SPR activity will also change supply to the market and move us along the demand curve raising the price somewhat when ut>0. Thus pt will reflect the price with normal supply demand (po) relationships, plus SPR activity (ut), plus the state of the world i (where i is 1 for a disruption and 0 otherwise). 
We assume the macroadjustment costs is 0 when there is no distruption, but follow Leiby et al. (1997) and measure the macro cost in a distruption year t as:


Where -e is GDP-price elasticity (the percentage change in GDP for a percentage change in price), P0 and Pt indicate the prices of pre-disruption and post-drawdown of SPR, and GDP0 is the potential GDP or GDP with no price shock. 
The emergency response to a disruption mainly includes SPR drawdown, releasing industry inventory and surplus production capacity. The SPR drawdown reduces disruption loss by relieving the imbalance of supply and demand and dampening oil price increases. To measure the price effect of SPR drawdown, we proposed a supply-demand equilibrium model. By going through the history of U.S. SPR drawdown, we can examine the net benefit (saved economic loss) of SPR by the following equation. 

	
R-C represents the net present value of the SPR and is a function of the trajectory of drawdown and fill rate of the SPR. 
Results
We have already estimated the net benefit of the actual drawdown and fill trajectory shown in the figure below.
[image: Fig 2 History of SPR stockpiling and sale]
Fig 1. U.S. SPR filling up and drawdown, 1978~2014.
[bookmark: _GoBack]From the figure we can see the bulk of the fill was done from 1978-1990 and again from 2003 to 2005. There were three official drawdowns: the 1991 Gulf war, 2005 Hurricane Katrina and 2011 Libya war. 
Our next step is to use a dynamic programming model that chooses the optimal fill and drawdown trajectory to maximize R-C or the net benefit of the SPR. Initially we assume the model knows the whole price and quantity trajectories that have been adjusted by removing the effect of SPR activity. It chooses the optimal trajectory for ut in this perfect information world. Our ultimate objective is a more realistic case, where a stochastic Markov decision model optimizes having the same information the policy maker had at each point in time. Given large uncertainties in the inputs, sensitivity tests over key parameters including elasticities for demand and supply will be made to categorize the robustness of the results.
Conclusions
Even if we strongly believe in a market failure relating to oil supply disruptions, we also need to make the case that the government can provide a superior solution. One can also argue that policy makers are strongly influenced by public perception and political issues and may not provide an optimal solution either. This modeling effort aims to make or break a case for the superiority of the government in managing oil inventories.
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