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Price Floors and Strategic Reserves: A Reconsideration and Exposition

I. Introduction

Price floors have been a fact of economic life in the United States since 1929 with the establishment of the Federal Farm Board and the implementation of price supports in 1933 (Bowers et. al. 1984). The intent of the original price floors in the U.S. was to redistribute income (Gardner 1987).  Although it was an unintended consequence, historically year to year storage served an insurance function as well (McCloskey and Nash 1984). Carry-over inventory served to smooth consumption and concomitantly prices in the event of natural disaster; such price floor induced inventories played the role of strategic reserves.

The wisdom that economists impart is that a consequence of price floors is deadweight loss as a result of driving a wedge between the marginal benefit to consumers and the marginal cost of producing the last unit consumed. In a one period analysis this wisdom is indisputable.
 Multi-period analyses of price supports and the concomitant storage of excess supply produce a different result from the one period case even for competitive industries (Wright and Williams (1988a, b, and 1991) and Wright (2001)), although there may be some reservations about the robustness of the conclusion (Eaton (1980)).  All of the multi-period models in the literature rely on the implementation of rational price expectations and fully anticipated price increases incorporated in stochastic dynamic mathematical programming models.  The mathematics involved, while elegant, is difficult, so it is no wonder that the conventional wisdom regarding price floors continues to be perpetuated.
  The exposition of price floors presented here is in the spirit of Occam's Razor.  While the conclusion of price supports leading to increased economic surplus is not new, our consideration of alternative methods for disposal of the no-disaster surplus is new.
  Furthermore, the model provides an understanding of why storage does not take place in a competitive industry, contrary to the conclusion of dynamic models. 
The analysis is a two period model in which the government imposes a price floor above the equilibrium price in the first period. At the end of the first period there may be a disaster that disrupts production of storable goods or crops.
  When production is disrupted the government can release its carryover inventory to the market and recoup some or all of its first period expense and preserve at least some consumer surplus.  In the event that there is no disruption the government can decide among three alternatives for the disposal of its inventory.
  First, they could just throw the inventory in the trash and leave the market alone.  Second, they could release their inventory to the market in competition with incumbent firms.  Third, government could sell its inventory to a segregated "low income" segment of the market that would not otherwise purchase the good at the equilibrium price.
  The three no-disaster cases are presented as polar alternatives.  Although they are somewhat stylized, they closely resemble current practice.

Using the model presented here, which involves basic math and interpretation of graphs making it accessible to a wider audience beyond other trained economists, it is possible to show that by implementing price supports intended to stabilize the incomes of commodity producers and causing some deadweight loss in the immediate period, the government may actually be doing good depending on how it disposes of the inventory it has acquired.  The model is informative in analyzing the behavior of politicians with respect to how and when to interfere in a competitive market.  In addition to the simplicity of the algebraic presentation for a variety of price floor interventions, the analysis is from the perspective of policy makers and sheds light on why price supports are so persistent in spite of the conventional wisdom.  Alternatively, perhaps the wider audience has had a more visceral and correct understanding of price supports not embodied in the doctrine of economic analysis.
II. Background

Price supports in the United States have their origin in the economic crises of the 1920’s and the Great Depression.  Beginning in 1920 the United States emerged as a creditor nation with respect to the rest of the world.  In the ensuing decade the market for U.S. agricultural exports shrank, farm product prices fell, and the costs of farm inputs rose.  In the three years between 1929 and 1932 farm prices fell 50% while the prices of goods and services purchased by farmers fell only 32% with the result that farm incomes fell by one third.  During the same period there were several attempts at voluntary participation in crop reduction and the organization of agricultural product cooperative marketing agreements.  As would be predicted by modern game theory all of these efforts failed.  As time went by there was increasing pressure to have the federal government step in to stabilize the incomes of the agricultural sector.  The end result was the Agricultural Adjustment Act of 1933.  A summary (Bowers et al, 1984) of the essential features of the act is: 

Parity was to be accomplished through the use, by the Secretary of Agriculture, of a number of methods. These included the authorization (1) to secure voluntary reduction of the acreage in basic crops through agreements with producers and use of direct payments for participation in acreage control programs; (2) to regulate marketing through voluntary agreements with processors, associations of producers, and other handlers of agricultural commodities or products; (3) to license processors, producer associations, and others handling agricultural commodities to eliminate unfair practices or charges; (4) to determine the necessity for and the rate of processing taxes; and (5) to use the proceeds of taxes and appropriated funds for the cost of adjustment operations, for the expansion of markets, and for the removal of agricultural surpluses.

The notion that there should be parity between farm and other incomes was formalized by the Soil Conservation and Domestic Allotment Act of 1936.  The very last clause of item (5) in the policy summary forms the genesis of this paper: there was the concomitant question of what to do with the surplus commodities. By the 1940’s the Federal Surplus Relief Corporation (1933-35), Federal Surplus Commodities Corporation (1935-37), Processing and Marketing Division (1933-34), Commodities Division (1934-35), Division of Marketing and Marketing Agreements (1935-38), Federal Surplus Commodities Corporation (1937-40), and the Division of Marketing and Marketing Agreements (1938-40) were rolled into the Surplus Marketing Administration (The National Archives).  The Surplus Marketing Administration was charged with reducing or eliminating agricultural surpluses by diversion from open markets and encouragement of consumption. The encouragement of consumption took the form of food stamp programs and selling overseas, which are modeled by two of our stylized cases.  By 1942 the agency had run its course and was eventually replaced by the Agricultural Marketing Administration.  The use of surplus commodities to provide disaster relief was formalized by the Agricultural Trade Development and Assistance Act of 1954 (P.L. 480) which became the basic act for selling and bartering surplus commodities overseas and for overseas relief; again, a policy modeled by one of the four stylized cases presented here.
During the middle of the 20th century there were icons of American farm productivity and USDA market stabilization activities dotting the landscape.  For example, a flotilla of Navy ships, the "Mothball Fleet" as it was known, was anchored off Gull Harbor, New York, in the Hudson River from March 1946 to June 1972. Some of the ships were used as storehouses for wheat beginning in 1953 and ending in 1959.
Today the USDA efforts to stabilize the commodity markets are handled by the Commodity Credit Corporation (CCC), a government owned and operated entity, and the Farm Service Administration. The CCC maintains supplies of agricultural commodities and aids in their orderly distribution. CCC has no operating personnel. Its price support, storage, and reserve programs, and its domestic acquisition and disposal activities are carried out by the Farm Service Agency (FSA).  There are a few ready examples of the efforts of the CCC and the Farm Service Administration.
Consider the sugar market (Haley and Suarez). In June 2000, for the first time in fourteen years, the USDA purchased 132,000 tons of refined sugar for $54 million.  The CCC had stored the purchased sugar in federal and private warehouses.  More recently (USDA, Farm Services Administration, Commodity Operations, November 2006), and in spite of President Carter’s attempts to end the practice, the CCC found itself the owner and distributor of farmer-stock peanuts and grains.  These stocks were made available on two web sites www.theseam.com (peanuts) and www.GrainLink.com (grain).
In spite of the USDA’s recognition that warehousing stocks of agricultural surplus for later distribution is less economically efficient than, say, food stamps, they do remain in the business of indirectly brokering surpluses through a variety of food programs.  The USDA literature states that food programs serve the dual purpose of providing nutritious meals as well as supporting domestic agriculture and removing surplus commodities from the market.  The panoply of programs administered by the USDA is enumerated in Table 1.  The costs and participation rates are shown in Figure 1.  The figure has two vertical axes.  The cost per year of programs is measured on the left hand axis and the number of participants per year is measured on the right hand axis.  
** Insert Table 1 here **

** Insert Figure 1 here **

The U.S. government does not limit its storage function to just agricultural commodities.  A strategic oil reserve was first proposed in 1944 by Secretary of the Interior Harold Ickes.  The idea was not implemented until after the 1973-74 Arab oil embargo.
  President Ford implemented the program in 1975 and the first purchase of 412,000 barrels was made in 1977.  The current stock in the strategic oil reserve is 688 billion barrels, or the equivalent of 56 to 118 days of import protection.  The average price paid per barrel is about $27.
 

The stockpile has been drawn down numerous times in order to smooth 'output'.  The most notable draw downs occurred in response to the first Gulf War and to the ravages of Hurricane Katrina.  Between 1996 and 2006 there were eleven intertemporal exchanges between the stockpile and oil companies in response to unanticipated disruptions to the oil companies' physical plant and crude oil production capacity (DOE, 2007).
In the final analysis there are several stated purposes for government intervention on the supply side of markets.  Those goals include intertemporally smoothing and supporting prices in order to maintain incomes of suppliers and the intertemporal smoothing of output in order to minimize the disruption attributable to unanticipated disaster.  Whatever the stated intention, the result is observationally equivalent across policies: Namely, a surplus that must be dealt with in a fashion that results in the greatest economic surplus possible.  
The model presented in the next section provides a framework for examining the consequences of using price floors or other policies that result in surpluses and whether the current practice of selling the concomitant surpluses in segregated low income markets or some other policy response is the best choice.  

III. The Model

There are two periods: the current period and a future period.  There are many buyers and sellers of the homogeneous good in a market characterized by linear supply and demand curves, identical in each of two periods.  From time to time there is a disaster, in which case the first period ends immediately.  The disaster completely disrupts the firms' ability to produce in the second period.
  The disaster may be of any origin: a natural event like a hurricane or a drought, or a terrorist attack.  Although the model is inter-temporal, the interest rate is assumed to be zero.  A non-zero discount rate does not change the qualitative results presented below.

As a matter of public policy a price floor, Pf in Figure 2, has been instituted in the first period for the good in question.  Surplus units are purchased by the government, Qs - Qd in Figure 2, and accumulated as an inventory to be used in the second period.  

** Insert Figure 2 here **

It is assumed that there are no holding or storage costs for the amount put into inventory.
  There are four possible scenarios for the second period.  When there is a disaster the first period ends immediately and there is no production in the second period, producers accrue no income and incur no costs, and producer surplus is zero in the second period.  The disaster occurs with probability γ, the accumulated inventory from the first period is the only supply (inelastic) available in the second period and is brought to market by the government.
  Equilibrium price in the second period is determined by the intersection of demand and inelastic supply.  The situation is pictured in figure 3.

** Insert Figure 3 here **

With probability (1-γ) there is no disaster and the inventory from the first period is carried over into the second period.  In the no disaster case the government can do one of three things:  The first possibility is that the government simply puts the inventory accumulated from the first period into the garbage (referred to as program B below), equivalent to shipping the good out of the domestic market as foreign aid. Second, the inventory carried over from the first period can be sold to a ‘poor’ segment of the population whose reservations prices lie below the prevailing equilibrium price (referred to as program C below).  This is equivalent to second degree price discrimination and it is the current practice of the USDA.  Third, the second period supply curve may be shifted horizontally by the amount of the inventory, and units from all sources are sold at the corresponding equilibrium price which will be below the period one equilibrium price (referred to as program D below).  

To formalize things, define Pf as the price floor with the property that Pf ≥ Pe, where Pe is the equilibrium price that would prevail in the absence of government intervention and disasters.  See Figure 2.  The following equations describe market demand and supply respectively:

	P = a – b Qdemand
	(1)


	P = c + d Qsupply
	(2)


When there is no government intervention, Case A, the equilibrium quantity and price in the first period are

	Qe = (a-c) / (b+d)
	(3)


	Pe = (bc+ad) / (b+d)
	(4)


Table 2 and Figure 2 show the accounting necessary to arrive at consumer and producer surplus. Period one consumer surplus in the no intervention case is the area given by A + B + C, and producer surplus is the area D + E.   When there is no government intervention and there is no disaster (occurring with probability 1 - γ) the market just repeats itself in the second period and the same consumer and producer surplus are replicated.  If there is no government intervention but there is a disaster (occurring with probability γ) then no exchange occurs in the second period and no surplus accrues to any party.  The welfare consequences for all parties involved are summarized in Table 2 by the set of columns labeled ‘No intervention’.  This may be termed the base case and corresponds to the position that the government should never intervene in any market. 

 ** Insert Table 2 here **

With reference to either Figure 2 or Table 2, the 'no-intervention' expected consumer surplus is (A+B+C) + (1 - γ)(A+B+C) and expected producer surplus is (D+E)+ (1 - γ)(D+E).  Algebraically the surpluses expressed in the notation of the supply curve and demand curve of equations (1) and (2) are
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and
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Summing the two surpluses to get expected welfare yields
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in which the subscript A denotes Case A: No Government intervention.

When there is a price floor, Pf > Pe, the government is buying the surplus production equal to Qs – Qd (Figure 2) and adding it to a strategic reserve for possible use in the second period.  At the price floor the quantity supplied and the quantity demanded are, respectively,
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Given the price floor Pf, consumer surplus in the first period is easily computed as 

	CS1 = (a-Pf)2/2b  
	(10)


which corresponds to the area A in Figure 2.  Consumer surplus equal to A in the first period is repeated in the net benefit columns of the ‘Price Floor’ group heading of the first row of Table 2.

First period producer surplus is complicated by the fact that the government is buying the excess production.  As a result of the government intervention producer surplus is the sum B+C+D+E+F.  Algebraically, producer surplus is found to be

	PS1 = (Pf – c )q2 = (Pf – c )2/2d
	(11)


In terms of the demand and supply curves, the amount held in inventory by the government at the end of the first period is

	Inv = Qs – Qd = (b+d)Pf/bd – (cb+ad)/bd
	(12)


The government will have spent C+E+F+I+G+J+K to acquire its inventory, or total expenditure by government on its inventory is

	G1 = Pf ((b+d)Pf /bd – (cb+ad) /bd)
	(13)


As case B the government has imposed the price floor in the first period and destroys its carryover inventory when there is no disaster
, with probability (1-γ), and sells it at the market determined price when there is a disaster, with probability γ.  Consumer surplus in the 'no disaster' second period is A+B+C, producer surplus is D+E and the government has lost its first period investment in inventory C+E+F+I+G+J+K. Consumer surplus in the 'disaster' second period is T (Figure 3), there is no producer surplus, and government revenue from the sale of its inventory is U. The surplus accounting stated in terms of the areas of the figures can be found in the sets of columns labeled "Gov’t carries inventory to period 2 and dumps it" and "Gov’t carries inventory to period 2 and sells it."  The second period surpluses stated in terms of the demand curve and the supply curve are 
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Net welfare is the sum of the first period surpluses and the expected second period surpluses (including the net of government spending on inventory acquired in the first period and government revenues in the event of a disaster triggering sales in the second period):

	WB = {CS1 + CSB} + {PS1 + PSB} + {GB - G1}
	(17)


By inspection of the constituent pieces of WB it can be seen that it is linear in the probability of disaster, γ, and concave in the price floor, Pf.

As case C suppose that in the first period the government has imposed the price floor and purchased the excess supply as a strategic reserve, but there is no disaster (with probability 1-γ).  Further suppose that in the second period the government is no longer maintaining the first period price support, but consider the circumstance in which the government sells its inventory in the second period to low income households in a separate market (see Lipsky and Thibodeau, 1988 for an impact assessment of giveaway programs).  The 'low income' households have lower reservation prices than 'high income' households and can be segregated from the high income households; the choice of nomenclature is an artifice to create two identifiable and separable groups with differing elasticities of demand.  In the second period the equilibrium price and quantity for high income households will be Pe and Qe of Figure 2.  Consumer surplus for high income households will be the area (A+B+C) in figure 2 and producer surplus will be the area (D+E).  Since low income households buy in a segregated market from the government’s reserve, their price will be

	PPoor = Pe - b (Q2 – Q0) = (bc+ad)/(b+d) – [(b+d)Pf / d – (cb+ad) /d ]
	(18)


Consumer surplus for low income buyers is (J+L) in Figure 2, or 

	CSpoor = ½(Pe – Ppoor)(Q2 – Q0)
	(19)


	CSpoor = ½{-(bc+ad)/(b+d) + [(b+d)Pf/d – (cb+ad)/d]}{(b+d)Pf /bd – (cb+ad) /bd }
	(20)


When there is a disaster (occurring with probability γ) all firms that had been producing the good in the first period are now out of business.  The government sells its inventory at the post-disaster market clearing price shown as Pr in Figure 3 and there is no attempt to serve the 'marginal' group with the lower elasticity  In this circumstance the market clearing price is

	Pr = a – [(b+d)Pf / d – (cb+ad) /d ]
	(21)


In terms of the figure, the second period consumer surplus is area T and government revenue from its sale of the surplus is area U.

Referring to the columns labeled "Government carries inventory to period 2 and sells it to the ‘poor’" and "Gov’t carries inventory to period 2 and sells it" of Table 2 it is possible to do the necessary accounting for the computation of the two expected surpluses in terms of areas shown in Figure 2.

	CSC = A + (1 - γ){(A+B+C) + (J+L)} + γ T
	(22)


	PSC =  (B+C+D+E+F) + (1 - γ)(D+E) + γ (0)
	(23)


Since the government has intervened in the market there has been a transfer of wealth between consumers and producers, so there needs to be an accounting of the expected value of these transfers.

	GC =  (1 - γ)(K+M) + γ U  
	(24)


In the algebra of the demand and supply curves the expected surpluses are 
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for consumers,
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for producers, and
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for government.  The sum of the three surpluses for both periods gives expected welfare from the government program of buying the surplus under the price floor in the first period and either selling to the poor in the second period when there is no disaster and selling on the open market when there is a disaster.

	WC = {CS1 + CSC} + {PS1 + PSC} + {GC-G1}
	(28)


Inspection again shows that, like WB, WC is linear in the probability of disaster and concave in the price floor.

In the final program, case D, the policy is to set Pf and buy the excess in the first period.  If there is no disaster then government just sells the inventory in the second period with no attempt to fix the selling price, shifting total supply to the right. This would be equivalent to instituting a price support program and then abruptly abandoning or closing the program.  The new aggregate supply curve will go through the point (QD, PD) in Figure 4. 
** Insert Figure 4 here **

In the 'no disaster' second period consumer surplus will be A + B + C + D + E + J + L.  Producer surplus will be only the small triangle N.  Government revenue from the sale of its inventory will be R + S. In terms of the demand curve and the supply curve the 'no disaster' second period equilibrium price and quantity are 
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When there is a disaster the situation is again depicted by Figure 3: Consumer surplus is T, there is no producer surplus, and government revenue from its sale of inventory is U.

The expected second period consumer surplus, producer surplus and government surplus will be 
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Net welfare from this program will be the sum of the three surpluses,

	WD = {CS1 + CSD} + {PS1 + PSD} + {GD - G1}      
	  (34)


To illustrate the possible gain from government price supports a specific parametric version of the model is analyzed.  The supply and demand curves are parameterized as a = 100, b = 1, c = 10 and d = 1, with the result that equilibrium price and quantity are 55 and 45 respectively.

Arbitrarily picking a price floor of 68 and plotting welfare versus the probability of disaster results in Figure 5. 

** Insert Figure 5 here **

For a low probability of disaster the best policy is to not interfere in the market.  However, as the probability of disaster rises the other programs begin to become more attractive than the 'do nothing' policy, until even the policy of a first period price support and then trashing the government inventory in the event that there is no disaster is better than doing nothing. For the chosen parameterization the threshold occurs where γ > 0.70.  Of the three intervention strategies, the policy of shifting the supply curve when there is no disaster is always the best policy for disaster probability, γ, above 0.35.  This occurs because the government's net income from trading in the commodity is a part of the welfare calculation.

The government program of selling its inventory to the poor is not the worst interventionist policy.  That distinction is held by the program of throwing the carry-over inventory in the trash when no disaster occurs.  This occurs because the revenue that accrues to government in the event of disaster cannot offset the loss when there is no disaster. So, the policy of dispensing government surplus as foreign aid harms not only the receiving country, but also the domestic economy.   

For the specified parameterization it is possible to derive the optimal price floor as a function of the probability of disaster by differentiating each Wi (i = A, B, C, D) with respect to Pf, setting the results equal to zero and solving for Pf.  Of course, when there is no intervention by the government there is no price floor and the welfare maximizing price is the equilibrium price.  For program B, when the carry-over inventory is put in the trash when there is no disaster, the optimal floor price as a function of the probability of disaster is
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Equation (35) states that for sufficiently low probability of disaster the best policy is to leave the market alone.  For the given parameterization the maximum price floor is Pf = 70 when γ = 1.
For program C, when the government sells its inventory to the poor in the event that there is no disaster, the optimal price floor is
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When the government policy is to serve the poor when there is no disaster then the optimal price is always at least as great as the competitive equilibrium price, regardless of the probability of disaster.

Finally, when the government adds its inventory to industry output in the no-disaster second period, program D, the optimal price floor is

	
[image: image19.wmf](

)

g

g

+

+

=

2

10

11

10

D

f

P


	(37)


Under program D the price floor is always at least as great as the competitive equilibrium price, as for program C.

Based on the three equations for the optimal price floor and the specific parameterization a simple inequality can be derived
:
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The optimal price floors are plotted in Figure 6.  

 ** Insert Figure 6 here **

Surprisingly, the policy of adding the government's inventory to the market when there is no disaster results in the highest first period intervention price.  The more intuitive result would have been to find that selling inventory to the poor would have yielded the greatest welfare gain.  This is not the case since the area of the trapezoid that is added to consumer surplus when the inventory is offered to everyone is greater than the area of the triangle that is added when the inventory is offered to the segmented market.
   There is a happy side effect here.  Recall that the original intent of price supports was to preserve farm family incomes.  The program that is best in the aggregate also turns out to be best for farmers.

IV. Conclusions

Price supports have been a feature of American agriculture for nearly 80 years.  The intent of those programs was to stabilize agricultural commodities prices, and hence farm incomes.  From the beginning there was the question of what to do with the excess supply resulting from those programs.  Presently the excess supply problem is dealt with directly through marketing the government's inventory, sometimes this is done as a consequence of some disaster, and indirectly through the food stamp and various subsidized meal programs.  By the era of President Jimmy Carter the conventional wisdom of deadweight loss resulting from a price floor had reached the lexicon of the body politic and a call was made for the elimination of agricultural price supports.  However, the picture is not as simple as the conventional wisdom.

Stochastic dynamic mathematical programming models of price supports (Wright and Williams (1988a, b and 1991) and Wright (2001)) show the welfare enhancing role to be played by agricultural supports.  The mathematics involved is elegant and complex. The model presented here uses elementary algebra to present the same conclusions to a wider audience
, but with the added insights offered by systematic consideration of the methods by which the storer, usually government, disposes of its surplus when there is no disaster.
A simple two period model can be used to show that the one period deadweight loss calculations associated with a price floor need to be reconsidered.  When there is the possibility of disaster and the government uses its inventory to replace lost output in the second period then it is quite possible that the use of a price floor can be more desirable than no government intervention.
The economic surplus calculations of the model include consumers, producers, and government.  The inclusion of consumers and producers is obvious.  The government is included since it acts on both sides of the market, as consumer and producer, in the transfer of production from one period to another contingent on disaster and the commodity disposal program being implemented.  

It is fair to ask why the private sector does not take advantage of opportunities for storage if there is a net surplus when storage is available.  Indeed, Williams and Wright (1991) show in their stochastic dynamic model with rational expectations that even a competitive market structure will use storage.  However, in their model storage is positive only when equilibrium price is stochastic and there is an expected price increase in the future; with no expected price increase there would be no storage in a competitive market.  In our much simpler model a competitive market structure will not result in storage.  There are three reasons.  First, in competitive markets with perfect information an advantage seen by one firm will be recognized by all firms and the opportunity competed away.  Second, producing more in the first period, for storage, results in a higher price in the first period and a lower price in the second period.  With non-stochastic demand and supply, inter-temporal arbitrage must result in equal prices in the two periods and the industry returns to its non-storage output.  Both these points are made in Williams and Wright (2001).  
Adam Smith (1776) would not be surprised to find government involved in storage:

The third and last duty of the sovereign or commonwealth is that of erecting and maintaining those public institutions and those public works, which, though they may be in the highest degree advantageous to a great society, are, however, of such a nature that the profit could never repay the expense to any individual or small number of individuals, and which it therefore cannot be expected that any individual or small number of individuals should erect or maintain. The performance of this duty requires, too, very different degrees of expense in the different periods of society.

Many scholars interpret this passage as anticipating the provision of public goods.  Given the earlier remarks about private firms not providing storage, the passage can also be interpreted as a justification for government provision of storage; the storage function is in the nature of a public good. 
This leads to the third reason for the result demonstrated here. From a welfare viewpoint a planner (government) is equivalent to a firm or firms providing the same storage function. In our two period model the expected government surplus is always negative even though aggregate economic surplus is positive, so no privately held firm would provide the same services.  Perhaps society agrees to have government incur the loss because the per capita cost is negligible, whereas for a private firm the risk and loss sharing would be over a much smaller pool of stakeholders.

The fact that surplus accruing to the storer is always negative also precludes insurance.  In McCloskey and Nash's (1984) characterization of medieval storage as a form of insurance, the carry-over was an insurance policy against starvation of the land owners (with secondary consideration given to the peasants) more than insurance against financial loss, although one could think of starvation as catastrophic financial loss..  In the modern era, as a practical matter, farmers do carry over inventory in expectation of price increases.  Perhaps more of them do not store more and for longer periods of time as a consequence of the availability of federal crop insurance.  

In summary, this paper offers an analysis of a program that results in an unintended consequence that can have a salutary effect in addition to the original intended purpose of the policy.  The specific reference in the paper is to price supports intended to smooth the income of farmers, but a policy meant to smooth prices or output would produce similar consequences so the results of the paper are general. Under such programs the government accrues inventory, which is the unintended consequence.  The issue considered in the analysis is the circumstances under which no intervention in the market is appropriate and the disposition of the surplus when intervention is appropriate.  The two period model of the paper uses simple algebra instead of stochastic dynamic programming, making it more transparent.

The model is used to analyze the welfare consequences of four policies: No intervention with no pursued opportunity for income maintenance and suffering the concomitant ravages, intervening in the market and then dealing with the surplus with and without a disruptive disaster.  When there is no disaster one approach is to put the surplus in the trash in the second period. Another approach is using second degree price discrimination to sell the surplus in separable markets. The fourth policy is selling the surplus at the market price ignoring the opportunity for segmenting the market.  The best method of disposition depends on the probability of production disruption and the difference between the price support and the non-interference equilibrium price.   The paper also derives the optimal price floor under the different policy regimes.  
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Table 1: 
United States Department of Agriculture Food Distribution Programs

	Food Stamp Program

National School Lunch Program

School Breakfast Program

Child and Adult Care Food Program

Special Supplemental Nutrition Program for Women, Infants, and Children

Summer Food Service Program

The Emergency Food Assistance Program

Commodity Supplemental Food Program

Food Distribution Program on Indian Reservations

The WIC Farmers’ Market Nutrition Program

Nutrition Services Incentive Program

	Source: USDA Community Food Security Assessment Toolkit, Barbara Cohen, July 2002, E-FAN-02-013, USDA Economic Research Service www.ers.usda.gov/publications/efan02013/efan02013.pdf



	
	Table 2
Economic Surplus


	No Intervention
	Price Floor

	
	No Disaster
	Disaster

	
	Government carries inventory to period 2 and sells it to the ‘poor’
	Gov’t carries inventory to period 2 and dumps it
	Gov’t carries inventory to period 2 and sells it

	
	
	Disaster and No Disaster
	
	
	

	C

o

n

s

u

m

e

r

s
	
	Total Benefit
	Expenditure
	Net Benefit
	Total Benefit
	Expenditure
	Net Benefit
	Total Benefit
	Expenditure
	Net Benefit
	Total Benefit
	Expenditure
	Net Benefit

	
	 Period 1
	A+B+C+D+E+H+I
	D+E+H+I
	A+B+C
	A+B+D+H
	B+D+H
	A
	A+B+D+H
	B+D+H
	A
	A+B+D+H
	B+D+H
	A

	
	 Period 2 Disaster
	0
	0
	0
	--
	--
	--
	--
	--
	--
	T+U
	U
	T

	
	Period 2

No Disaster
	A+B+C+D+E+H+I
	D+E+H+I
	A+B+C
	A+B+C+D+E+H+I+J+K+L+M
	D+E+H+I+K+M
	A+B+C+J+L
	A+B+C+D+E+H+I
	D+E+H+I
	A+B+C
	--
	--
	--

	P
r
o
d
u
c
e
r
s
	
	Revenue
	Cost
	Net Benefit
	Revenue
	Cost
	Net Benefit
	Revenue
	Cost
	Net Benefit
	Revenue
	Cost
	Net Benefit

	
	Period 1
	D+E+H+I
	H+I
	D+E
	B+C+D+E+F+G+H+I+J+K
	G+H+I+J+K
	B+C+D+E+F
	B+C+D+E+F+G+H+I+J+K
	G+H+I+J+K
	B+C+D+E+F
	B+C+D+E+F+G+H+I+J+K
	G+H+I+J+K
	B+C+D+E+F

	
	Period 2

Disaster
	0
	0
	0
	--
	--
	--
	--
	--
	--
	0
	0
	0

	
	Period 2

No Disaster
	D+E+H+I
	H+I
	D+E
	D+E+H+I
	H+I
	D+E
	D+E+H+I
	H+I
	D+E
	--
	--
	--

	G
o
v
t
	
	Expenditure
	Revenue
	Net Benefit
	Expenditure
	Revenue
	Net Benefit
	Expenditure
	Revenue
	Net Benefit
	Expenditure
	Revenue
	Net Benefit

	
	Period 1


	--
	--
	--
	C+E+F+I+G+J+K
	0
	-C-E-F-I-G-J-K
	C+E+F+I+G+J+K
	0
	-C-E-F-I-G-J-K
	C+E+F+G+I+J+K
	0
	-C-E-F-G-I-J-K

	
	Period 2

Disaster
	--
	--
	--
	--
	--
	--
	--
	--
	--
	0
	U
	U

	
	Period 2

No Disaster
	--
	--
	--
	0
	K+M
	K+M
	0
	0
	0
	--
	--
	--
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	Notes: Cost is the sum of the Nutrition Services Incentive Program, Food distributed on Indian reservations, Charitable Institutions, Commodity Supplemental Food, and Emergency Food Assistance.  Participation is limited to the Commodity Supplemental Food Program and participation on Indian reservations. The participation series begins in 1975 since effective that year participants in the Needy Families Program were converted to the Food Stamp Program. Source: U.S. Department of Agriculture, Food and Nutrition Service, http://www.fns.usda.gov/pd/fdpmain.htm last visited on November 14, 2006.


Figure 2

Period 1 and Period 2: No Disaster - Reserve is Dumped or Sold to Poor
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Figure 3
Disaster: Period 2 Supply Equals Strategic Reserve Carried over from Period 1
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Figure 4
No Disaster: Period 2 Supply Equals Industry Output Plus Government Inventory
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Figure 5
Welfare and Disaster by Program at Pf = 68
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Figure 6
Welfare and the Probability of Disaster
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� An exception is the circumstance in which price is a random variable Waugh (1944).  Consumer surplus may be greater when price is random than when it is fixed.  By a symmetric argument the conclusion is similar for producer surplus. 


� A casual survey of popular principles of microeconomics texts on our bookshelves supports our contention.  At one end of the spectrum are Krugman and Wells (2009) and Cowen and Tabarrok (2010).  They specifically address deadweight loss in a one period model.  Frank and Bernanke (2007) hedge their comments a bit with a discussion of goals other than efficiency.  Mankiw (2007) makes his sentiments known through his inclusion of a newspaper piece by the humorist Dave Barry (2002).   Salvatore (2009) comments "Demand and supply analysis can again enlighten us on how the U.S. farm-support program worked and on the gross inefficiencies to which it led." Finally, Parkin (2000) discusses at length U.S. agricultural policy and the Midwest floods of 1993. He closes with "But this type of intervention is not necessary because private trading can accomplish the same outcome", but offers no examples of such an occurrence.   


� Indeed, the notion of a strategic reserve can be found in the Bible; Genesis 41:25-27, 33-36, 56-57, wherein Joseph interprets Pharaoh's dreams and advises him to stockpile grain in years of plenty to be sold later in years of famine. By Genesis 47: 20-24 Joseph has used the famine and the strategic reserves to tighten Pharaoh's grip on the people.  This is not necessarily a welfare enhancing outcome.


� The disaster need not result in a total cessation of production, but merely reduce it significantly.  The practical implementation of this possibility in our model could be accomplished by revising downward the probability of disaster.  The general conclusions of the paper would not change. 


� In addition to the three domestic alternatives the government can sell the inventory to foreign countries Giving away the food for free in the form of aid is equivalent to putting the inventory in the domestic trash heap in the second period.  A positive sale price only means that a fraction of the inventory has been given away and the rest has been trashed.


� For the U.S., such groups could include the urban poor, school lunch programs, military families, or American Indian families on reservations.  In effect, the USDA is already doing this.  Low income need not be interpreted literally.  In order for this option to be implemented it is only necessary that there be different elasticities of demand between the groups and that there be no opportunity for arbitrage. 


� The strategic oil reserve is not a per se price support program in the spirit of USDA price supports.  Nonetheless, the increase in demand resulting from federal purchases of oil is observationally equivalent to a price floor.   


� Given the earlier remarks about insurance and the private sector, these data on the strategic oil reserve beg the question of why the government is building and managing the oil reserve instead of the private sector. 


� The disruption doesn't need to be total; it need only shift the supply curve enough to result in a change in equilibrium price.  The general conclusions of the paper would only change in magnitude, not in direction.


� As with the interest rate assumption, the storage cost assumption does not change the results qualitatively, only quantitatively.


� A modification that could be interpreted as being a less than total destruction would be to reduce the probability of disaster. Alternatively, if total destruction did not occur then both private production and government surplus would be brought to market.  As for the conclusions, the effect is one of magnitude not direction.


� Disposal costs are assumed to be zero.  A non-zero cost would change the magnitude of the result not its direction.


� As noted elsewhere, total government surplus is negative under all of the programs, therefore there is no opportunity for a risk averse insurer or speculator to serve the same function as government. Perhaps society agrees to have government incur the loss because the per capita cost is negligible.


� The 55 and 70 are specific to the parameterization, but the middle two inequalities hold for any parameterization.


� Naturally we are abstracting from the possibility of starvation should there be an unaddressed disaster.  Also, the way in which we are using consumer and producer surplus does not address the way in which that surplus is distributed.  But then an improvement in the aggregate is not meant to address distributional questions. 


� In their 1991 book Williams and Wright present a simple two period model with results similar to those presented here.  Their two period model assumes inelastic supply, unlike our model.  They do not show the Pareto improvement that can result from price supports.  They do not consider a change in uncertainty as we do.  Finally, their example is less general than ours since they consider only the sale of inventory in the second period.  Their three period model is solved using numerical methods based on inductive logic.
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