
  Chapter 1: Natural Resource Endowments and Long Run Economic Growth


  Natural Resource Economics



  The world is undergoing change at a faster pace than ever seen in human history. Starting with the Industrial Revolution, the demand for natural resources as productive inputs increased substantially from previous levels. However, only about one third of the world's population fully participated in the dramatic improvement in living standards that took place during the Industrial Revolution. Citizens in North America, Europe, parts of Asia and a few other countries scattered around the globe saw their life evolve from the Middle Ages to modern times. In contrast, for the majority of people of the world, life remained at at nearly subsistence level.



  Starting in the 1980s, the industrial age essentially ended and a wave known as Globalization spread throughout the world, continues today and will likely do so for the indefinite future. Unlike the Industrial Revolution, the great majority of the 7 million of the world's population has taken part in Globalization. As a result the demand for natural resources has easily reached unprecedented levels. Resource exploration and development has been trying to keep pace with demand as living standards for many of the world's citizens are rapidly rising.



  Structural Change



  Until the year 2002, the prices of all important commodities except oil declined for the past 100 years by an average of 70 percent. From 2002 until now, this entire decline in the average price of the majority of natural resources was erased. The price of oil went first. For a century it steadily returned to about $16 a barrel adjusting for inflation in today’s currency. Then in 1974 the mean (average price) shifted to about $35, and it has recently doubled again. Oil prices have quadrupled since 1999.



  Metals and nearly everything else — coal, corn, iron ore, copper, soybeans, sugar, cotton — appear to be following suit. Statistically, it very probable that the old trend has changed — that there is in fact a Paradigm Shift perhaps the most important economic event since the Industrial Revolution. With rapidly growing global demand the mean may have undergone a permanent change since the beginning of the century. From now on, price pressure and shortages of resources may be a permanent feature of our lives.



  Thomas Malthus (1766 – 1834) saw a world where the population would be limited by systematic periods of massive starvation. According to Malthus, the most productive farmland would be put into use to feed the people. Over time, as the population grew so would the demand for food. As a result, less productive land would be used to provide food and the pace of population growth would exceed the ability to feed the people. Malthus had the bad timing to make his predictions about unsustainable population growth on the eve of the Industrial Revolution, where technological improvements removed the barriers to rapid population growth.



  The latest forecast by the United Nations predicts that the world’s population could reach 10 billion within the century. Combined with the stress of substantial changes to the climate, continued population growth will continuously increase the demand for mineral resources, fossil fuels and food. Add in the effect of Globalization and the rising incomes for many of the world's population and demand for resource inputs will grow even faster making natural resources a key variable in the planet's future. Perhaps technology will solve future problems of scarcity and adaptation to climate change although strong demand growth will probably result in premium prices.



  The economic problem faced in this century is our focus on short-term growth and profits and growth. The result is the absence of long term planning and as we will see in the course the overuse of fossil fuels due to prices failing to account for the value of natural resources over time. Unfortunately, modern capitalism isn’t well equipped to handle potential long-range problems of resource and food scarcity. While it may be too late to gracefully deal with depleted resources, climate change and related crises, it’s never too late to mitigate the damage. The consequences will be unevenly distributed, creating professional and investment opportunities. For example, climate change will require investing in farms and forests, establishing companies that retrofit buildings for energy efficiency, that build ultralight vehicles and develop non-hydrocarbon-based power.



  


  Chapter 2: Natural Resource Endowments and Long Run Economic Growth


  
    In this chapter we look at the relation between a country's natural resource endowments and the country's long run economic vitality. We start by expanding the traditional definition of capital.
  


  
    A Nation's Capital Stock
  


  
    

  


  
    Typically we refer to capital as the tools and equipment used by labor in the production process. Capital equipment makes workers more productive. For our application here, we refer to capital used by labor as Produced Capital. To our definition of a nation's capital stock we add two additional types of capital, Intangible Capital and Human Capital.
  


  
    

  


  
    
      	Produced Capital: represents capital used by labor in the production process and the value of a nation's existing infrastructure.



      	Intangible Capital: is comprised of two parts.


    

  


  
    
      
        Human Capital: represents the skills and education of the labor force and the people of a country. An individual's human capital increases with education and skills acquired at work.
      

    


    
      
        Social Capital: primarily is represented the economic value of the financial structure within a country. For example, a country's banks and exchanges facilitate savings and capital formation. The concept of Social Capital can be expanded to include other institutions such as the legal and court system present in a country that enforces laws and protects property rights.
      

    

  


  
    

  


  
    
      	Natural Capital: Is the estimated market value of a country's known reserves of natural resources. This is primarily comprised of fossil fuels, mineral resources and precious metals. If a country to sell the entire inventory of natural resource reserves at the current market price, this constitutes the total value of a nation's natural capital.


    

  


  
    Referring to the following table, the World Bank has estimated the value of the three types of capital for the world's countries and divided the total value of each type of capital by the same nations total population. To compare across countries, values are converted into U.S. dollars and adjusted to prices for the year 2005 ($2005, per capita values). The first part of the table shows the value of each type of capital for the world's ten wealthiest countries. The sum of produced, intangible and natural capital comprises total wealth per citizen.
  


  
    

  


  
    The second part of the table shows the value of each type of capital for the world's ten poorest countries and the third part of the table aggregates for different income classifications. For example High Income countries are comprised of the top ten and a handful of other relatively wealthy nations. OECD refers to the Organization of Economic and Cooperative Development classification of countries throughout the world.
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    http://data.worldbank.org/data-catalog/wealth-of-nations

  


  
    

  


  
    Consider the relation of the three types of capital and a nation's wealth. As a general rule, wealthy countries depend less on Natural capital as a source of wealth and derive the majority of their wealth from Intangible capital. Countries like the United States and Denmark may have natural resource reserves, but on a net basis, the majority of natural resources used by the wealthy countries are imported. Imported natural resources are then used in production and may be transformed into goods and services of much higher value. The U.S. imports oil to generate electricity that is used by developers at Apple, Facebook, Google, General Electric and others to create output of a tremendously higher value. In Germany, iron ore is imported to produce steel that in turn is used to make some of the world's best automobiles. In summary, the value contained in a natural resource input is trivial compared to the knowledge and skills used to produce many goods and services that we consume.
  


  
    

  


  
    The table shows a basic concept that has been observed historically - relatively resource abundant countries tend to end up poorer that countries that face a relative scarcity of natural resources. Economists attribute three primary reasons for the resource paradox. Countries that are relatively abundant in natural resources often end up with a lower per capita income because of:
  


  
    

  


  
    
      	The exchange rate effect.



      	Easy money in the form of resource rents may distort development in favor of the natural resource.



      	Historically volatile resource prices may complicate macroeconomic management.


    

  


  The Exchange Rate Effect


  A nation's current account measures the trade of good and services with other countries. This is also known as net exports:


  
    Net Exports = the value of exports - the value of imports.

  


  A country that finds strong global demand for it natural resource(s) such as oil or copper, will often see an export boom resulting in a current account surplus or positive net exports. In this case the value of exports exceeds the value of imports. We do not need to cover the details of exchange rates, but complementary to a trade surplus will be an appreciation of the domestic currency in foreign exchange markets.


  
    

  


  
    
      To understand the overall effect of an appreciation of the domestic exchange rate think of a funnel that narrows domestic industry into the natural resource sector.
    


    
      

    

  


  If the domestic currency appreciates, there are two likely outcomes - one on the import side and the second for exports. Assume a general appreciation of the domestic currency in relation to the average currency of important trading partners.


  
    

  


  
    
      	Imports: holding prices constant of both domestic goods and imports, the currency apprecation acts to increase the purchasing power of the domestic currency in relation to the currency of trading partners. The trade effect is to lower the cost of imports to domestic consumers. Holding import prices constant, it takes less of the domestic currency to buy the same imports.

    

  


  
    
      
        For example, assume a one-to-one exchange rate ($1 = 1 euro). It takes $500 to purchase a domestically-produced refrigerator and the same amount to purchase an 500-euro imported refrigerator. Now allow the domestic currency to appreciate (it takes less of the domestic currency to purchase the same value of imports, e.g. $1 = 1.5 euro) - as a result it will take less than $500 to purchase the imported refrigerator (about $333) while still costing $500 for the domestically produced refrigerator. The refrigerator price in terms of euros has remained constant, but the dollar price has fallen with the currency appreciation.
      


      
        

      

    
Assuming roughly equivalent quality, an appreciation of the domestic currency, results in a decrease in the relative price of imports to local consumers. As a result, there will be increased substitution in favor of imports over domestically-made goods. Over time, domestic firms may go out of business taking away non-resource jobs and incomes. What is left is primarly the natural resource industry where international demand remains robust.
  


  
    

  


  


  
    	Exports: The opposite price effect occurs on the exports side. As the domestic currency appreciates, the price of imports falls for domestic consumers, but the price of exports increases for foreign buyers. As a result firms that create jobs through exports often see their competitive position deteriorate in the global economy. Foreign buyers purchase less of the relatively more expensive exports. There is often an exception - the natural resource exports. What we find historically is that the demand for exports remains relatively constant regardless of the currency appreciation.

  


  
    On a net basis, the appreciation of the domestic currency hurts the competitive position of non-resource domestic firms as imports become more competitive and exports less competitive in the global marketplace. Job opportunities in the domestic economy are reduced with the exception of the resource industry which remains a steady source of jobs and also revenues for the government.
  


  
    

  


  Resouce Rents


  Since natural resources are an extracted good and not produced, profits are known as rent.


  Consider the country of Venezuela. After taking power, President Hugo Chavez used revenues generated from the exports of oil to nationalize many domestic industries. Nationalization refers to the government taking over privately-owned firms and industries. Over the years, Chavez has nationalized:


  
    	the domestic oil industry,



    	followed by electricity,



    	steel,



    	cement,



    	gold, farming and food processing,



    	grocery,



    	transportation,



    	communications and others.


  


  The list continues to increase.



  By controlling resource revenues, Chavez has generated the money for the government aquisition of private firms. Typically, government management and operation of these nationalized industries will be less efficient that under private ownership. The sacrifice of efficiency does increase loyalty to Chavez as a growing share of the working population depends on the government rather than a private sector employer for their jobs and income.


  Rent seeking by the government results in the centralization of power around the resource industry. The focus of the government is to control the natual resources at the expense of the development of a broader private economy. The goal of a country's leaders is to expand the government through developing the country's natural resources. The losing side is private industry and opportunity. Over time, economic development centers around the natural resource(s).


  An even more extreme example of the control of natural resources as the expense of broader economic development took place in Angola. Angola, a former colonyof Portugal isabundant in oil and diamonds. After gainingindependence in 1975 a Marxist government was elected. This was during the Cold War and the U.S. feared an expansion of the influence of the Soviet Union. In response, the Carter Administration provided finacing and arms forJonas Savimbi who formed rebel group known as UNITA.


  UNITA took control of the diamond territories and sold diamonds raising billions to buy weapons, supplies and finance the war against the government. The Marxist government remain in command of the oil resources that were primarily located offshore. Oil that in turn was sold to Western oil companies to generate revenues used mainly to buy weapons, supplies and finance war against UNITA. The result was near complete destruction of Angola's economy as the two sides fought for complete control of the oil and diamond resources.Out of population of about 13 million, over one-halfmillion died in the fighting.A quarter of the nation's population was displaced.


  In total, only about 5% of resource revenues were used for social purposes such as education, health care, infrastructure development and capital purchases.When Savimbi died in 2002, Angola, a Texas-sized country had 5 miles of paved roads.


  In Angola's case, power was centered around control of the natural resources. Whoever controlled the oil and diamonds would rule the country, gererating the revenues to sustain power. The focus of the government would be to raise money through the export of natural resources at the expense of a more diversified economy.


  Volatile resource prices may complicate macroeconomic management



  In 1970, the crude oil was selling for an average annual price of $3.39 a barrel. By 1980, the average price had increased to $37.42 and was forecast to continue rising through the 1980s to a price exceeding $60 a barrel. For an oil exporting country like Mexico this created an opportunity to develop the economic infrastructure including the transportation network, schools, hospitals and other projects. Based on the expectation of continued oil price increases, the Mexican government borrowed substantial amounts of money from banks to finance development. The loans would be paid off with revenues from exporting oil.


  By 1986, the price of a barrel of oil had fallen to below $15, substantially reducing the revenues the Mexican government received from exporting oil. As a result, the Mexican government defaulted on its loan payments and had to abandon many of the development projects before they were completed. Countries that become dependent on resource revenues may face unexpected hardships when the price of natural resources fall.


  Sudan and South Sudan


  After a voter approved referendum, South Sudan became an independent state on 9 July 2011 leaving the northern part of Sudan.Both sides desperately need oil to run their governments and feed their people.75% of the oil is in the south, just across the border, but the pipeline to export it runs through the north.


  At the same time, South Sudan, one of the world’s poorest countries, is facing a major food crisis and heavily armed ethnically based militias that have been sweeping parts of the countryside. Increasingthe tensions, Sudan and South Sudan have been covertly backing rebels in each other’s backyards.Khartoum in the north, has blockaded roads leading south and recently held up humanitarian shipments, all to punish the south at the cost of millions of dollars in lost business.The south took the drastic step of abruptly shutting down all of its oil wells, a measure that could quickly bring the economies of both north and south to their knees.


  During the past decade, Sudan’s oil wealth helped build factories, roads and it fueled plans for a futuristic minicity, a new airport and a reconfiguring of Khartoum.But now high-rise buildings stand half-finished, and the plummeting value of the Sudanese pound has increased the prices of imports, making many basic consumer goods and necessities out of reach for many.


  



  Chapter 3: The Environment as an Asset


  
    
      On a large scale, we can consider environmental improvement as part of the package of goods and services that we consume, including health care, education, homeland security and many other goods and services. The environment provides the economy with raw materials that are transferred into products of higher value using labor and capital.
    


    
      

    


    
      Energy consumption is an irreversible process.Resource inputs are subject to entropy – no conversion of one type of energy to another form is completely efficient. For example, when coal is used by a utility to generate electricity – the electricity generated does not equal the energy content of the coal used. Typical thermal efficiency for electrical generators in the industry is around 33% for coal and oil-fired plants. The energy used is no longer available for further work (once coal burned to generate electricity, the same coal can no longer be used as an energy source).
    

  


  
    

  


  Cost-Benefit Analysis



  
    
      Assume that an action has such as drinking a cup of coffee or developing a mineral resource has both benefits (B) and costs (C).
    


    
      
        	If benefits exceed costs then project is worthwhile.



        	The demand curve for a good or service represents the benefits received from consumption.



        	For the majority of goods and services, as price increases demand falls.



        	Price is a measure of willingness to pay for a good or service.


      

    

  


  
    
      
        Figure 3-1: Measuring Benefits
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        The graph above (Figure 3-1) shows a demand curve for a good or service.Total willingness to pay is the shaded area under the demand curve up to the quantity of 15 units.
      


      
        

      


      
        
          	At a price of $10, demand = 15


        

      


      
        Total willingness to pay = total benefit
      

    


    
      

    

  


  
    
      
        Figure 3-2: Total Costs
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    The graph above (Figure 3-2) shows total cost. The supply curve represents the cost of producing increasing levels of output. Here we assume that costs are rising with quantity. At an output level of 15 units, the toal cost is represented by the shaded area under the supply curve.
  


  
    

  


  
    
      Figure 3-3: Measuring Net Benefits
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        An important concept is known as net benefits. If we take our total benefit from Figure 3-1 and subtract total cost shown in Figure 3-2, we end up with net benefits.
      


      
        

      


      
        Efficiency Equimarginal Principle: Net benefits are maximized when the marginal benefits from an allocation equal the marginal costs. The marginal benefit is shown by a movement along the demand curve. Marginal benefits are declining as we increase the quantity consumed. Marginal cost measures the additional cost of providing a good or service and is represented by the supply curve.

      


      
        

      


      
        At a consumption level of 12 units, net benefit is equal to the area ABDC. This is not an efficient outcome as net benefits will increase in consumption. When we reach 15 units, the area of net benefits has also increase to ABE.But if consumption increases to 18 units, the we subtract the area EFG from net benefits
      


      
        

      


      
        This shows that at 15 units, net benefits are maximized. Consume at a lower level and net benefits will increase as additional benefits exceed cost.Consume at a greater level and net benefits will decline as additional costs exceed the gain in benefits.
      


      
        

      


      
        
          This example of an efficient equilibrium shows what is called static efficiency where time is not a factor. In contrast.if multiple time periods are used, we use dynamic efficiency where the net benefits received in one period are compared to the net benefits received in another period.
        


        
          

        


        
          For dynamic efficiency we need a present value calculation.
        


        
          

        

      

    

  


  Comparing Benefits and Costs Across Time (for a two time period model)



  
    

  


  
    
      Assume that your dog is digging in the back yard and discovers some copper reserves. Realizing that the price of copper is fairly high, you decide to mine the copper. Based on current copper prices you expect to mine $3,000 worth of copper annually for a total of two years.Conveniently,your neighbor buys copper for his plumbing pipe manufacturing company. You desire to lock in the current price of copper before starting your mining operation and ask the buyer to sign a contract to receive $6,000 worth of copper (in today's dollars) for delivery over the next two years.
    


    
      

    


    
      Even if we assume that the price of copper remains constant during the next two years, the deal is still a bad one for the copper buyer. Paying $3,000 today for delivery in one year of a commodity is a poor contract for the buyer since money loses value over time. A dollar today will have less value in another year since inflation reduces the value of money. Or expressed in another way, if you save a dollar today, you expect to have more than a dollar in a year's time.
    


    
      

    


    
      The time value of money is measured by the interest rate (r).To compare monetary values over time, discount future values to today by using the Present Value (PV).
    


    
      

    

  


  
    
      
        (3.1) FV = PV(1 + r)
      


      
        

      

    

  


  
    
      
        
          Equation 3.1 shows that the future value (FV) of money is the present value plus the return on savings = PV*r.
        


        
          For example, if r= 10%, then $1 today is equivalent to $1.10 in one year

        

      

    

  


  
    
      
        

      


      
        To consider the what a future dollar is worth in today's values, we discount the future value
      


      
        

      


      
        (3.2) PV =   FV  
      


      
                (1 + r) n
      


      
        

      

    

  


  
    
      
        
          where (1 + r) is raised to the power of n where n represents a given year. For example, if n = 2, then we square the value of 1 + r.
        


        
          

        

      
If n = 2 then;
    


    
      

    


    
      
                  FV(1)       FV(2)
      


      
        (3.3) PV = -------------- + --------------
      

    


    
               (1 + r) (1)   (1 + r) (2)
    

  


  
    
      
        

      

    

  


  
    
      
        
          where each number in the brackets represents a given value of n and year.
        


        
          

        

      
Using the above example of the copper mine and assuming r = 6%, we have:
    


    
      

    


    
           $3,000       $3,000

      PV = -------------- +  --------------

          (1 + .06)     (1 + .06) square
    


    
      

    


    
      PV = $2,830.19 + $2,669.99

    


    
      

    


    
      PV = $5,500.18

    


    
      

    

  


  
    
      
        Assuming that the return on savings or discount rate for the next two years is a constant value of 6%, the buyer of your copper should pay you$5,500.18 today. The present value of receiving $3,000 worth of copper in one year's time and another $3,000 of copper in two years is about $5,500.
      

    

  


  
    
      

    


    
      Instead, lower r to 4% and we have:
    


    
      

    


    
      
        
               $3,000       $3,000
        


        
          PV = -------------- +  --------------
        


        
              (1 + .04)     (1 + .04) square
        

      


      
        

      


      
        
          PV = $2,884.62 + $2,773.67
        


        
          

        


        
          PV = $5,658.28
        

      


      
        

      

    

  


  
    
      
        
          The calculation shows that as we lower r, the present value goes closer to the future value of the payments. If r = 0, then the present and future values are the same.
        


        
          

        

      

    

  


  Chapter 4: Measuring Benefits and Costs


  Stock:represents the current supply - for example known copper reserves.


  Flow:production from stock – for example daily copper production.


  Valuing Benefits



  The total economic value of a natural resource has 3 components:


  
    	Use value – the market value from the direct use of the resource - e.g. timber harvested from a forest.



    	Option value – the value placed on the future use of the resource. What is it worth to have the resource available in the future but not under current production.



    	Nonuse value – willingness to pay for resources that probably will never be used by the individual. For example, the Arctic National Wildlife Preserve – many citizens want to maintain it free of oil development even though most of will never see it in person.


  


  Total Willingness to Pay (TWP)


  
    TWP = Use Value + Option Value + Nonuse ValueClassification of Valuation Methods

  


  Classification of Valuation Methods


  
    

  


  
    
      
        1. Revealed preference methods – can use to find actual resource values.
      


      
        
          	Market Price – is directly observable


        

      

    

  


  
    
      
        In 2010, there was a major oil spill in the Gulf of Mexico that killed and polluted marine life. Using the market value of a catch like shrimp, theGulf oil spill effect on income of fishermen can be accurately estimated. Simply look at the decrease in shrimp catch and the price of shrimp where total revenue equals price times quantity. TR = P x Q.
      


      
        

      

    

  


  
    
      
        2. In contrast, hedonic property and hedonic wage approaches are indirectly observable
      


      
        
          	Regression analysis is a statistical model that evaluates the correlations between diffient values. For example a model of property values can set the value of a property as a function of independent variables such as location, access to transportation and schools, local amenities (e.g. parks) and other explanatory variables.



          	Contingent valuationinvolves taking a survey and asking respondents what value they would be willing to pay for an action or a policy. For example, asking people what they are willing to pay in higher taxes to improve local schools.


        

      

    

  


  
    
      
        The problem is that people may give biased answers perhaps knowingly to influence the outcome or due to a lack of complete information.People may overstate what they are willing to pay knowing that they don’t actually have to pay the higher taxes.
      

    

  


  
    
      

    

  


  Cost Estimation



  
    

  


  
    
      
        Since benefit/cost analysis is forward looking, need to estimate what a policy will cost in comparison to what it does cost. There is a need tocollect accurate cost information from the firms that are directly involved in the project.
      


      
        

      


      
        
          	Survey approach where the participants (e.g. firms) directly involved provide cost estimates and combine with:


          	Engineering approach that estimates costs using an evaluation of the available technology that can be applied to a project and estimates costs using alternative technologies applied to a strategy.


        

      

    


    
      

    

  


  Chapter 5: Property Rights and Externalities


  Total Net Benefits


  
    
      Figure 5-1: Consumer Surplus

    

  


  
    
      [image: ]

    

  


  
    Consumer surplus is realized when the price that a consumer is willing to pay exceeds the price actually paid. The demand curve shows potential consumption along a range of prices. As the price increases, quantity demanded decreases. In the graph above, the price paid equals $10 and consumption equals 15 units. However, there is a range of demand showing a price above $10 per unit. Some consumers are willing to pay $15 per item, but only pay the $10 price. In this case, consumer surplus equals $5, or the difference between $15 and $10. The summation of consumer surplus is shown by the shaded area - the area under the demand curve and above the $10 price.


    Figure 5-2: Producer Surplus


    
      [image: ]

    


    Similar to consumer surplus, but from the firm's perspective, we have producer surplus. The supply curve reflects the cost of providing a good. Starting at $3, firms are willing to sell the good or service for various prices shown along the supply curve. Supply is positive at $7 per unit, but the firm receives the market price of $10 realizing producer surplus of $3 per unit.The summation of producer surplus is shown by the shaded area - the area above the supply curve and below the $10 price.


    


    Figure 5-3: Total Net Benefit
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      Total net benefit = sum of producer + consumer surplus.
    

  


  Property Rights



  
    
      Ownership of a good gives property rights and exclusive ownership. Once purchased, a cell phone is owned by an individual who has property rights - stealing the cell phone is an illegal act since it violates the owner's property rights.
    


    
      

    


    
      Open Access Resources

    

  


  
    
      
        

      


      
        Open access resources such as a park or highway has no individual ownership and no individual or group has the right to restrict access.
      


      
        Sometimes overuse of open access resources results in the Tragedy of the Commons. Commons were typical in many early European-American communities where there was a open access park located in the center of the town. All residents had access to the commons where their livestock would often graze. Citizens had no incentive to avoid over grazing the commons since if their livestock did not eat the grass, another farmer's would.
      


      
        Tragic describes the fate of the US bison that for early European settlers were ample in supply and there was no private ownership or stewardship over bison herds.Over time, as the number of hunters increased, supply diminished as individual buffalo hunters had no incentive to limit the amount of bison they killed. The American bison was driven nearly to extinction.
      


      
        In the presence of sufficient demand, unrestricted hunting will cause resources to be over exploited.
      


      
        Unlimited access can destroy the incentive to conserve. If an individual hunter were to limit his hunting, the benefit of conserving to that hunter would be taken by another.
      

    


    Public Goods

Public goods such as parks and road exhibit nonexcludability - a person's consumption does not exclude others from consuming the same good (a trip to the park). Consumption of the good may not diminish the amount available to others. Once the resource is provided, even those who do not pay for it, can not be excluded from its benefits. In general it is believed, the private sector will not provide adequate amounts of public goods as described here.


    
      

    


    
      Figure 5-4: Efficient Provision of a Public Good
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      Assume we want to provide a bike and running path for the local community - a community that consists of two fine citizens, Person A and Person B. The town's market demand curve is found from the sum of the individual demand curves. Market demand represents the sum of the money each individual is willing to pay for the path. In the graph we have Person A's demand equal to OA and B's demand equal to OB.
    


    
      

    


    
      Efficient level of preservation will maximize net benefits at Q*, where Demand = Marginal Cost (D = MC) and net benefits are maximized. Once Q* is found, determine that Person A is willing to pay a price Pa for the path while Person B is willing to pay a price Pb for the path. As seen graphically, Person B's demand (OB) exceeds A's and B is also willing to pay a higher price and a greater amount that Person A. Taking each consumer's price they are willing to pay times the quantity of the bike path yields the total revenue necessary to finance the path construction.
    


    
      TR = Pa x Q* + Pb x Q*
    

  


  
    This will be an amount sufficient to supply the desired amount of the public good.

  


  
    The question is will the private sector reach Q*? In other words will depending on markets provide the desired amount of the public good? We know how much each citizen is willing to pay and how much of the path they want available.

  


  
    

  


  
    The first problem is that each consumer will be charged a different price for the consumption of an identical good. This is known as price discrimination. In reality, price discrimination may be difficult to implement since we are asking consumer B to pay a higher price for a non-exclusive good. Although B pays more for the path, Consumer A has the same right to use the path as B.
  


  
    

  


  
    In application, knowing that path construction is based on actual payments, some consumers would understate the price they are willing to pay – hoping that another carries the bill. In fact there is likely to be a free rider – some consumers will not be willing to pay at all.
  


  
    Because of the consumption nonexcludability properties of public goods, there is a diminished incentive to contribute and the limited contributions will be insufficient to obtain the truly desired and efficient amount of path construction.

  


  Monopoly and Resource Use


  
    
      In economics, efficiency is maximized in a perfectly competitive market where there are many firms and price is set in the market. The opposite of a competitive market is a monopoly where there is a single provider of the good - the firm and the market are the same. Natural resource markets are often characterized by monopoly behavior as different suppliers of a resource may cooperate to restrict output and increase the price.
    


    
      

    

  


  
    
      Figure 5-5:Monopoly Output and Pricing
    

  


  
    [image: ]

  


  
    
      Figure 5-5 shows the outcome for a monopoly where there is a single firm that provides a good to the market. The goal is the firm is to maximize profits where marginal revenue equals marginal cost (supply). The profit maximizing level of output gives us the quantity = Qm. Since the firm desires to sell the output level Qm, no more and no less, it then sets price off the market demand curve. At the price = Pm, the firm will sell Qm, the profit maximizing output level.
    


    
      

    

  


  
    
      In contrast, the competitive outcome is where demand = supply. As a result, the monopolist produces less and charges a higher price than we would see in a competitive market. This resolution is important in natural resource markets as it is difficult to enter the market - supply is may be controlled by a firm with property rights over the raw material or often by sovereign governments. As a result of a limited number of suppliers of a natural resource, high production costs and the difficulty of new suppliers to enter the industry resource providers often find it in their interest to collude. Suppliers cooperate to restrict output to approximate the monopoly outcome.
    


    
      

    

  


  Subsidies



  
    Another type of distortion to a market results from subsidies - typically from the government to a favored industry.


    Figure 5-6: Government Subsidy


    [image: ]



    As show in Figure 5-6, The effect of a subsidy is to alter the supply curve of the subsidized industry, shifting to the right the market supply curve. As a result, there is an increase in output from Q* to Qsub and price is also reduced, increasing demand.

  


  US Agricultural Subsidies



  
    The United States currently pays around $20 billion per year to farmers in direct subsidies.The subsidies date back to the economic turmoil of the Great Depression. In the 1930s, about 25% of the country's population resided on the nation's 6 million small farms. Today, less than 1% of the population lives on farms.


    By 2007, 3% of the nation’s farms with annual sales of more than $500,000 produced 73.5% of all agricultural output. Farm concentration continues to increase, as the nation's largest farms (annual sales over $500,000), totaled 62% of total output in 2002 and 56.6% of total output in 1997.



    Direct payment subsidies are provided without regard to the economic need of the recipients or the financial condition of the farm economy. Payments based on the size of the farm and size of the harvest.



    
      	The top 1% of farmers received an average of $1.2 million a year from the government.



      	The top 10% of farmers received an average payment of $601,000 annually from the government.



      	The bottom 80 percent of farmers received an average total payment of just $8,682 per recipient.


    


    The most heavily subsidized crops are corn and cotton.



    Corn Subsidies



    The effect of corn subsidies is to lower the cost of corn used to feed beef cattle. Consequently, the price of beef is indirectly subsidized and also cost the consumer less.



    In America, the biggest buyer of beef is the fast food industry – for example, McDonald’s. Connecting the dots, the government subsidizes consumption of burgers at McDonald’s, plus corn syrup that is used in sodas.



    Cotton Subsidies



    Cotton subsidies comprise almost $3 billion a year. In a typical year, the US cotton farmer grows at a loss but turns a profit after receiving government subsidies. Subsidies and price supports for US farmers leads to excess production that is dumped on the world market. The Increased global supply depresses world price hurting cotton farmers in developing countries that can not afford to subsidize their farmers.


  


  Government Energy Subsidies



  
    
      
        

      


      
        A study by the Environmental Law Institute found that 2002 through 2008 U.S. government spending and tax breaks amounted to $72.5 billion for fossil fuels and $29 billion for renewable energy. About half of the government’s subsidies for renewable energy go to corn-based ethanol, according to the study.
      


      
        

      


      
        Globally, In 2008 governments gave $43 billion to $46 billion of support to renewable energy through tax credits and subsidies. That compares with the $557 billion that the International Energy Agency said was spent to subsidize fossil fuels in 2008.
      


      
        

      

    

  


  The Economically Efficient Level of Output


  
    

  


  
    
      In a market economy, economic efficiency is obtained when supply equals demand. There are two very important reasons why economic efficiency is typcially not obtained.
    


    
      
        	Negative externalities add to the private marginal cost.



        	Subsidies distort the market.


      

    


    
      Figure 5-7: Externalities
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          Negative externalities are often present in production or consumption. An example of a production externality is a factory that pollutes the air or water. A town located down the river from the factory may incur extra costs in water treatment for municipal use and decreased recreational opportunities. When we drive our cars we generate air pollution that may have a negative impact on others as dimished air quality may cause respiratory problems for some people, decreasing their productivity at work and increasing health care costs.
        


        
          

        


        
          In Figure 5-7 shows the effect on the market when negative externalities are present. The firm's marginal cost (MC) reflects the cost of production to the firm. Assuming that production externalities are present but not captured in the market through a tax or other cost, the cost for polluting is not part of the firm's production cost. But there is a social cost in health, productivity, property values and lifestyle dimishment due to the production of the good.
        


        
          

        


        
          The social cost of production is comprised of:

        


        
          

        

      

    

  


  
    
      
        
          The firm's private production cost + the cost of dealing with the externality
        


        
          

        

      
Properly accounting for external costs results in an outcome with a higher price and lower output. Ignoring externalities means that the market (private) outcome is not efficient. Efficiency is obtained when the social cost of the externality is included. We can use the same analysis with consumption externalities.
    


    
      

    


    
      Figure 5-8: Externalities Plus Subsidies
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          As shown in Figure 5-8, adding subsidies to the picture takes us even further from the efficient outcome. Assuming there are production externalities that are not captured in the market, the efficient outcome is shown by Price social (Psocial) and Quantity social (Qsoc).
        


        
          

        


        
          

        


        
          

        

      

    

  


  Chapter 6: A Model of Static and Dynamic Efficiency


  
    To start with a few definitions covered earlier, total benefits from consumption equals the total willingness to pay for a good or service. Net Benefits (NB) = benefit from consumption – marginal cost or supply. This equals consumer surplus.

  


  
    

  


  
    
      Marginal Benefit measures the addition to total benefits from consuming one more unit: (MB) = (ΔNB / ΔQ).
    


    
      

    


    
      Net Marginal Benefit (NMB) = addition to benefit from consuming one more good minus marginal cost or supply: = MB – MC.
    


    
      

    


    
      The Equimarginal Principle describes the maximum net benefits when marginal benefit equals marginal cost: MB = MC.
    

  


  
    

  


  
    Efficiency

  


  
    
      We consider an efficient outcome at a given time and over time.
    


    
      

    


    
      
        	Static Efficiency – time is not an important aspect of the allocation problem. A given year’s flow is independent of past flows. For example, solar or wind energy.



        	Dynamic Efficiency – time is a crucial aspect of resource allocation. There are finite resource amounts available and we consider the allocation of a depletable resource over time. For example, assuming constant reserves a resource like oil where use this year takes away reserves available in the future. In the dynamic model we want to consider the future to prevent wasteful use of natural resources.


      

    

  


  


  Static efficiency for a n-period model



  
    
      
        

      


      
        We start with a model of static efficiency. This looks at a single time period and the goal is to maximize Net Marginal Benefits (NMB).
      


      
        

      


      
        
          	Assume a renewable resource (e.g. solar power). Consumption today does not reduce future consumption.


        

      


      
        
          	Assume the marginal willingness to pay (the price willing to pay for another unit of the good) is equal to:


        

      

    

  


  
    
      
        P = 8 – 0.4q = MB
      

    

  


  
    
      
        
          	Assume that marginal cost is constant = $2 per unit.


        

      


      
        Net marginal benefit (NMB) = Marginal Benefit – Marginal Cost (MB – MC).

      

    

  


  
    
      
        8 – 0.4q - 2
      

    

  


  
    
      
        = 6 – 0.4q
      

    

  


  
    
      
        

      


      
        If q = 1: NMB = 6 – (.4)*1 = 5.6
      


      
        
          	q = 5: NMB = 6 – (.4)*5 = 4



          	q = 10: NMB = 6 – (.4)*10 = 2



          	q = 14: NMB = 6 – (.4)*14 = 0.4



          	q = 15: NMB = 6 – (.4)*15 = 0



          	q = 16: NMB = 6 – (.4)*16 = -0.4


        

      


      
        In this model, we maximize NMB with q = 15. If q reaches 16, then NMB become negative, subtracting to total benefits. Although there is an unlimited amount of the resource available for consumption, our consumption is not unbounded. Rather we consume until marginal benefit equals marginal cost (NMB = 0).

      

    


    
      

    

  


  Dynamic Efficiency for A Two-Period Model



  
    
      
        

      


      
        A more complex model deals with the use of a depletable of non-renewable resource over time (e.g. oil). We will assume that the total supply (reserves) are finite where today’s use of a non-renewable resource affects our ability to use it tomorrow.
      


      
        

      


      
        For a dynamically efficient model, the objective is to balance present and future uses of a depletable resource - to equalize the net marginal benefits obtained in each time period from the resource use.However, we also have to account that money loses value over time and there is a need to find the solution that maximizes total (present value) net benefits from both periods using the discount rate.
      


      
        

      


      
        Discounting: Present Value = Future Value / (1 + r)n
      


      
        

      


      
        
          	Assume a fixed supply of depletable resource.


        

      


      
        
          	Assume two time periods and the need to allocate the resource over two periods.


        

      


      
        
          	Assume the marginal willingness to pay:


        

      

    

  


  
    
      
        P = 8 – 0.4q
      

    

  


  
    
      
        

      


      
        
          	Assume that marginal cost is constant = $2 per unit.


        

      


      
        
          	Assume the available amount of the resource equals 20 units.


        

      


      
        
          	Assume the discount rate = 0.1.


        

      


      
        Solution for two-period Model will be where the present values of marginal net benefits are equal for both time periods.

      


      
        

      


      
        Time Period 1 (n = 0)
      


      
        

      

    

  


  
    
      
        PV of the marginal net benefit (NMB) in period 1
      

    


    
      
        

      

    


    
      
        NMB1 = MB1 - MC1
      

    


    
      
        NMB1 = 8 – 0.4q1 – 2
      

    


    
      
        NMB1 = 8 – 2 - 0.4q1
      

    


    
      
        NMB1 = 6 - 0.4q1
      

    


    
      
        

      

    


    
      
        To find PV take NMB1 / (1 + .1)0
      

    


    
      
        where raising to power of zero = 1.
      

    

  


  
    
      

    

  


  
    
      
        
          6 - 0.4q1
        

      

    


    
      
        
          (1 + .1)0
        

      

    


    
      
        
          

        

      

    


    
      
        
          6 - 0.4q1
        

      

    


    
      
        
            1
        

      

    


    
      
        
          

        

      

    


    
      
        
          NMB1 = 6 - 0.4q1
        

      

    

  


  
    
      
        

      


      
        
          Time Period 2 (n = 1)
        


        
          

        

      

    

  


  
    
      
        PV of the marginal net benefit (NMB) in period 2
      

    


    
      
        

      

    


    
      
        NMB2 = MB2 – MC2
      

    


    
      
        NMB2 = 8 – 0.4q2 – 2
      

    


    
      
        NMB2 = 6 – 0.4q2
      

    


    
      
        

      

    


    
      
        To find PV take NMB2 / (1 + .1)1
      


      
        where the denominator is raised to the power of 1.
      

    

  


  
    
      

    

  


  
    
      
        
          6 - 0.4q2
        

      

    


    
      
        
          (1 + .1)1
        

      

    


    
      
        
          

        

      

    


    
      
        
          6 - 0.4q2
        

      

    


    
      
        
            1.1
        

      

    


    
      
        
          

        

      

    


    
      
        
          5.45 - 0.36q2
        

      

    

  


  
    
      

    

  


  
    
      
        
          NMB2 = 5.45 – 0.36q2
        

      

    

  


  
    
      
        

      

    


    
      
        Given that total supply is limited to 20 for both time periods we have the
      

    

  


  
    
      

    

  


  
    
      
        
          Constraint: q1 + q2 = 20
        

      

    

  


  
    
      

    

  


  
    
      
        Rewrite as: q2 = 20 - q1
      

    


    
      
        

      

    


    
      
        Solution: Want to equalize the PV of the NMB in each year
      

    

  


  
    
      

    

  


  
    
      
        
          NMB1 = NMB2:6 – 0.4q1 = 5.45 – 0.36q2
        

      

    

  


  
    
      

    

  


  
    
      
        Substitute in for q2
      

    


    
      
        

      

    

  


  
    
      
        
          6 – 0.4q1 = 5.4545 – 0.3636 ( 20 - q1 )
        

      

    


    
      
        
          6 – 0.4q1 = 5.4545 – 0.3636 ( 20 - q1 )
        

      

    


    
      
        
          6 – 0.4q1 = 5.4545 – 7.2727 + 0.3636q1
        

      

    


    
      
        
          6 – 0.4q1 = -1.8181 + 0.3636q1
        

      

    


    
      
        
          6 + 1.8181 = 0.4q1 + 0.3636q1
        

      

    

  


  
    
      
        

      

    

  


  
    
      
        
          7.8181 = 0.7636q1
        

      

    

  


  
    
      
        

      

    


    
      
        q1 = 7.8181/0.7636
      

    


    
      
        

      

    


    
      
        q1 = 10.238
      

    


    
      
        

      

    


    
      
        and
      

    


    
      
        

      

    


    
      
        q2 = 20 - q1
      

    


    
      
        

      

    


    
      
        q2 = 20 - 10.238
      

    


    
      
        

      

    


    
      
        q2 = 9.762
      

    


    
      
        

      

    


    
      
        P1 = $3.90
      

    


    
      
        

      

    


    
      
        P2 = $4.09
      

    

  


  
    
      
        

      


      
        
          Note that price exceeds marginal cost, P > MC because in this case,
        


        
          

        

      

    

  


  
    
      
        P = MC + marginal user cost ( λ )
      

    

  


  
    
      

    

  


  
    
      
        Where λ = $1.905
      

    


    
      
        

      

    


    
      
        MC + λ period x (1 + r)
      

    

  


  
    
      
        

      


      
        Price in Time Period 1 (n=0)
      


      
        

      

    

  


  
    
      
        2 + (1.90 x 1) = $3.90
      

    

  


  
    
      
        

      


      
        Price in Time Period 2 (n=1)

      


      
        

      

    

  


  
    
      
        2 + (1.90 x 1.1) = $4.09
      

    

  


  
    
      
        

      


      
        Marginal user cost is the opportunity cost that is absent with renewable resources but occurs when we consider a depletable resource of a finite supply. When resources are depletable, greater current use diminishes future supply. By definition, the marginal user cost is the present value of the decreased opportunity to use a resource in the future as more of the resource is consumed today.
      


      
        

      


      
        An efficient market considers both the marginal cost of extraction and the opportunity cost to future users – the marginal user cost.
      


      
        

      


      
        
          	In the absence of scarcity, P = MC (marginal extraction cost)


        

      


      
        
          	With scarcity, P = MC (marginal extraction cost) + marginal user cost.


        

      


      
        With a constant marginal cost of extraction, the value of the marginal user cost rises over time. Where the rate of increase in the current value of the marginal user cost is equal to r, the discount rate.
      


      
        

      


      
        
          	In Period 2, the marginal user cost would be 1+r times as large as it was in Period 1.


        

      


      
        If instead if we had a higher discount rate - 20% instead of 10%, what would this do to the allocation between periods? As the discount rate increases the future value of money diminishes at a faster rate.In terms of our model, consumption in time period one will increase relative to time period 2 as there is asmaller opportunity cost from using more of the resource today.As we increase the discount rate there is a preference for resource extraction in the present as the future has less value.
      


      
        

      


      
        Summary of Two-Period Model
      


      
        

      


      
        Assume:
      


      
        There is a finite resource.
      


      
        Constant marginal cost.
      


      
        Stable demand curve for the resource.
      


      
        

      


      
        With an efficient allocation and a positive value for the discount rate, more than half of the resource will allocated during first time period, less than half in the second. The efficient allocation affected by both the marginal cost and marginal user cost.
      


      
        

      

    


    
      

    

  


  
    
      

    


    
      

    


    
      

    

  


  
    

  


  


  Chapter 7: Population and Growth


  Population Growth


  
    
      The world has recently reached a population of 7 billion. The following numbers show the global population at the beginning of the decade and the population growth rate for the previous decade.
    


    
      

    


    
      1970 – 3.91 b
    


    
      1980 – 4.52 b = 15.6% decade growth rate
    


    
      1990 – 5.22 b = 15.5% decade growth rate
    


    
      2000 – 6.03 b = 15.5% decade growth rate
    


    
      2010 – 6.86 b = 13.8% decade growth rate
    

  


  
    
      

    


    
      The numbers show that between 2000 and 2010, the rate of population growth slowed to 13.8%.
    


    
      

    


    
      
        As introduced in Chapter 1, Malthus and others considered a model of population growth where higher incomes lead to an increase in the population growth rate. Eventually population reaches an unsustainable level resulting in global famine and living standards falling to basic survival at best.
      


      
        

      


      
        The Malthus school has been around since the 1800s and there is no sustained global food shortages. Innovation and improvements in agricultural technology continuously have increased output.
      


      
        

      


      
        As seen in the above numbers, in past decade average annual population growth rate has declined from a rate of about 1.5% annually to 1.4%. Reasons include:
      


      
        
          	Better education for females.



          	Increased use of contraceptives.



          	Family preferences.



          	Later marriages.


        

      

    


    
      Despite the slowing growth rate, The United Nations issued a report in the year 2011 predicting that the global population will reach 10 billion by the end of the century (year 2100).
    


    
      

    


    
      
        Total Fertility Rate
      


      
        

      


      
        The total fertility rate measures the number of live births for the average woman.
      


      
        

      


      
        A Stationary population is defined as where the birthrate = deathrate.
      


      
        

      


      
        Replacement rate – total fertility rate consistent with a stable population.

        
          Once the replacement fertility rate is reached, it takes about 25 years before the population stabilizes.
        

      


      
        

      


      
        The replacement rate for the United States = 2.11.
      


      
        

      


      
        The replacement rate varies among countries depending on demographics, older vs younger population for example).
      


      
        

      


      
        2008 fertility rates:
      


      
        
          	
            
              World = 2.54
            


          


          	
            
              U.S. = 2.10
            


          


          	
            
              Germany = 1.38
            


          


          	
            
              China = 1.77
            


          


          	
            
              Mexico = 2.10
            


          


          	
            
              Japan = 1.34
            


          


          	
            
              India = 2.74
            


          


          	
            
              Brazil = 1.88
            


          


          	
            
              Russia = 1.49
            


          


          	
            
              Egypt = 2.86
            


          

        

      

    

  


  Population Growth and Economic Development


  
    
      The increase in a nation's productive capacity or potential output is known as supply side economic growth. Supply side growth measures the increase in how much a country can produce, but not what is actually produced. Actual production is measured using GDP.Supply side economic growth refers to the annual increase in a nation's productive capacity. As the inputs used in production and technology improve, a nation's productive capacity increases. As long as inputs are used fully and efficiently, actual output increases. Higher levels of output lead to greater amounts of consumption of goods and services and higher living standards.
    


    
      

    


    
      Consider the United States where annual supply side economic growth is estimated to approximate about 3% annually. Net increases in the labor force approximate about 1% a year. Improvements in technology are captured in better capital and increases in the capital stock. The reported measure for the enhancements to production resulting from improved and more capital is known as worker productivity. Gains in worker productivity represent higher output per worker hour, day, week or year. If workers have more and better capital to work with their output increases. Just think if you suddenly receive a brand new computer with a faster modem, better software, and increased processing power, you will probably get more done with your time spent on the PC. Increases in worker productivity in the U.S. average about 2% a year. Summing up the annual increase in the labor force (1%) plus improvements in worker productivity (2%) leads to our average annual supply side economic growth of 3%.
    


    
      

    


    
      A country's annual supply side growth rate is the sum of the labor force growth rate (assumed equal to the population growth rate) plus gains in worker productivity. There is a positive relation between population or labor force growth and supply side economic growth. There is also a positive relation between worker productivity growth and supply side economic growth.
    


    
      

    

  


  
    
      
        Supply side economic growth = labor force growth rate + rate of increase in worker productivity.
      

    

  


  
    
      

    


    
      Worker productivity measured as:
    


    
      
        	Increase in output per worker



        	or the number of workers for a given level of output


      

    

  


  
    
      
        Demand side economic growth is measured using GDP.
      

    

  


  
    
      

    


    
      The key determinant of growth is supply side growth. Over time, we assume that demand side growth equals supply side.It is important to note that supply side growth represents a country's long run trend growth rate. We are not considering the business cycle that shows annual changes in the GDP (demand side) growth rate.
    


    
      

    


    
      Overall, we find there is a positive correlation between population and economic growth assuming that the demand side keeps up with the supply side.
    


    
      

    


    
      The interpretation here is that as a nation's population growth rate increases, supply side growth keeps pace. Assuming demand side growth follows the supply side, higher population growth rates increase real GDP and the nation's wealth. This conclusion is counter to what is often observed in the world, as rapid population growth is typically not correlated with significant increases in a nation's GDP growth rate and wealth accumulation. Other factors need to be considered besides population growth.
    

  


  
    

  


  


  The Standard of Living


  
    
      We see a positive correlation between population growth and economic growth, but what about living standards for the nation's citizens. A common measure of the standard of living for the average citizen is to take the nation's total value of GDP and divide by the population - this gives us per capita GDP.
    


    
      

    


    
      Start with a few definitions:
    


    
      
        	The production function shows the relation between output and the inputs used to produce that output. As there is an increase labor and jobs, also increase output and incomes.


      

    


    
      
        	Marginal Product Labor (MPL) = change output / add another worker (change labor). The marginal product measures the increase in output as the firm adds one more worker to its labor input. As long as the MP is positive, another worker will add to total output.


      

    


    
      
        	Average Product Labor (APL) = total output / total labor input. The average product is the average output for all of the firm's workers.


      

    


    
      

    

  


  
    
      
        If MPL > APL then there is an increase in living standards (per capita GDP) as increase labor force and jobs. If the value to output by adding one more worker (MPL) exceeds the exisiting average (APL), then the APL will increase as the added worker joins the labor force. Per capital income increases in the case.
      


      
        

      

    

  


  
    
      
        
          For a simple example, if a nation's labor force equals 10 and total output equals to 100, then the APL = 10. Now we add one more highly production worker with a MPL of 20. As a result, APL with 11 workers now equals 10.9 (120/11).
        

      

    

  


  
    
      
        

      

    


    
      
        If MPL < APL then there is a decrease in living standards as increase labor force and jobs. If the value to output by adding one more worker (MPL) is less than the exisiting average (APL), then the APL will decrease as the added worker joins the labor force. Per capital income decreases. Adding population and labor will decrease the APL and living standards for the typical citizen.
      

    

  


  
    
      

    


    
      Assuming that the population and labor force grow roughly at the same rate, increasing population and the labor force can increase output but lower living standards. As long as there is a positive MPL, adding labor will increase output. If the added worker is highly productive then he or she will help the average citizen. Alternatively, if the added worker has low productivity, perhaps due to poor education, skills and a lack of adaquate capital, then the standard of living may fall.
    


    
      

    


    
      Note that we assume a degree of fairness in income distribution. If per capita income is rising, we would like to think that living standards are improving for the middle class as well. However, a rise in average income may also be the result of only that wealthy realizing all of the gains, leaving no improvement for the rest of the population. Economists often use changes in the median income to see how the people in the middle are doing over time.
    


    
       
    

  


  
    Savings and Investment

  


  
    
      The capital-to-labor ratio (capital/labor (K/L)) is an indicator of worker productivity. The concept is that as we increase the amount of capital a typical worker has (increase K/L) worker productivity also increases. For a given labor force (L), an increase in capital will increase worker productivity. Rising worker productivity, increases supply side growth and assuming that the demand side (GDP) growth keeps pace, there is an increase in the rate of total wealth accumulation and living standards (per capita GDP). The same application follows with a given labor force and capital stock, but an improvement in the quality of capital that makes exisiting workers more productive.
    


    
      

    


    
      Our concern is an increase in the population growth rate and the labor force. If the capital stock keeps pace with population and labor force growth, and the K/L ratio remains constant with a rising population, than we can assume that worker productivity growth also remains constant at a positive rate (e.g. 2%). In this case the MPL = APL and supply side growth will equal population growth plus increases in worker productivity. The increase in per capita income will grow at the approximate rate of supply side (and thus demand side) growth.
    


    
      

    


    
      If instead, the growth in the capital stock lags the growth in population and the labor force, then the K/L ratio will be falling over time. It follows that MPL < APL. Worker productivity will be decreasing - supply side growth will equal population growth plus increases in worker productivity. It is possible that decline in worker productivity will be greater than the population growth rate resuling in a negative supply side growth rate. Over time average incomes and living standards will decline. A rapidly growing population that leaves the capital stock behind can be a negative for economic development as the country become poorer over time and the average citizen sees a declining standard of living.
    


    
      

    


    
      The key here is growth in the capital stock, where investment (I) refers to the purchase of capital equipment by firms.
    


    
      

    

  


  
    
      
        
          An identity is used where savings = investment
        


        
          

        

      

    

  


  
    
      
        
          
            S = I
          

        

      

    

  


  
    
      

    


    
      
        Our definition shows that savings in the sum of:
      


      
        

      

    

  


  
    
      
        Total savings = private savings + publicsavings+ net foreignsavings
      

    

  


  
    
      
        
          	Private savings is the part of individual disposable that is not spent and thus saved.



          	Public savings refers to the public or government sector. If government spending exceeds revenues the government runs a deficit and there is a negative public savings rate.



          	Net foreign savings is comprised of two parts. Domestic savers who save their money in foreign markets and foreign savers who place part of their savings in our domestic market.Both are capital account transactions. If the inflow of foreign savings in the domestic market exceeds the supply of domeestic savings in foreign markets, than net foreign savings is positive.


        

      


      
        An increase in savings will increase investment and the capital stock. In contrast, alack of savings will limit investment and slow gains in worker productivity.
      


      
        

      


      
        A country with a large percentage of younger people will tend to save less since younger workers have a lower savings rate.Older populations tend to save more.Societies with rapidly growing populations tend to be younger, will save less, have a slower growth in capital and realize smaller gains in worker productivity.As a result, economic growth will be slower as well.
      


      
        

      


      
        In summary, we find the following:
      


      
        
          	There is a positive correlation between the population growth rate and long run economic growth. The relation can be muted or even reversed by two additional factors.



          	If the new workers joining the labor force have a low marginal product, the average standard of living may decrease for all. A low marginal product could be the result of a falling capital-labor ratio as the capital stock fails to keep pace with labor force growth. Education and skills are also critical contributors to a worker's productivity.



          	Savings is critical. A low savings rate limits the purchase of the capital equipment used by labor - the capital stock may not keep pace with labor force growth. Rapidly growing populations tend to have a relatively young demographic and a low individual (private) savings rate. Unless government (public) or foreign savings can make up the difference, the result may be a falling capital labor ratio and declining living standards.


        

      

    

  


  
    Application: The United States and Afghanistan
  


  
    

  


  
    
      The private savings rate in America tends to be low, ranging from near 1% to perhaps 6% in a very frugal year. At the same time, the federal government systematically runs tremendous deficits well in excess of $1 trillion. At the same time, the United States is a preferred market for a substantial supply of risk-adverse global savings resulting in a significant net foreign savings surplus.
    


    
      

    


    
      Afghanistan is a poor country where the majority of citizens live at a subsistence level - what little private savings exists is mostly saved abroad. People living at the edge of poverty pay none or minimal taxes and positive public savings is not really an option. To provide savings,Afghanistan needs to run a surplus of net foreign savings. Before American, European, Asian savers and firms are willing to consider
    
Afghanistan, many changes will need to be made inAfghanistan. This includes:
  


  
    

  


  
    Human rights - all citizens need to have basic rights and discrimination needs to be minimized.
  


  
    Legal rights - savers need to know there are laws and institutions to protect their savings and investments.
  


  
    A well-developed financial system will allow savings to flow to the preferred recipients offering return and security.
  


  
    Educational system - especially for foreign firms that want to locate production facilities in Afghanistan, they need to have a skilled and motivated labor force to produce the goods.
  


  
    Physical, logistical and communications infrastucture - firms want to be able to produce goods inAfghanistan and ship them to domestic and international markets.
  


  
    
      
        
          

        


        
          This is just a partial list of what foreign savers and firms are looking for. Certainly, it will at best take decades for Afghanistan to achieve these objectives.
        


        
          

        

      

    


    Technological Progress

  


  
    
      We consider the effect of technology on worker productivity. For a given stock of capital equipment, technology improves the quality and effectiveness of the capital, improving the productivity of the workers that use that capital. Over time, technological progress will enhance worker productivity and increase the change in the MPL.
    


    
      

    


    
      Figure 7-1: Technological Progress and the Marginal Product of Labor
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        In the graph here (Figure 7-1), assume total supply of land and capital is fixed. The horizontal axis shows various levels of labor. Each t stands for a point in time – for example, time1 shows the marginal product of labor (MPL) and the amount of labor in time period t1 . Over time, technology evolves increasing the MPL relative to a given amount of capital shifting the productivity curves outward.
      

    


    
      

    


    
      For the time1 curve an application of labor equal to L(t1) yields a marginal product of MP(t1). Holding technology constant, as increase the labor input from L(t1) to L(t2) and to L(t3) first results in an increasing marginal product of labor, that eventually peaks and then diminishes given that more labor is working with a given supply of capital.
    


    
      

    


    
      As we advance from time period 1 to a second time period (time2), technological improvements take place, making the exisiting capital more efficient. As technology advances, existing capital is replaced by improved capital. For example, you may own just one cell phone and today's cell phone is certainly more advanced than the leading cell phone from 5 years ago. Technological advances are shown by an upward and outward shift in the marginal product of labor curve - from time1 to time2 and then time3. There is anincrease the MPL for any given labor input.
    


    
      

    


    
      In time1, as the labor supply increases from L(t2) to L(t3), we see a diminishing marginal product of labor. Instead, with better technology applied to the capital used by labor, we end up withan diminishing marginal product of labor.Technological progress provides a way to escape the problem of diminishing marginal productivity.
    


    
      

    


    
      We have another factor to consider when looking at the relation of population growth and economic growth. Advancing technology allows for rising worker productivity along with an increase in the labor force. In this case, population growth, economic growth and rising incomes are complementary. It is critical that a country has the savings to upgrade the exisiting capital stock to take advantage of technological improvement. It is even more fundamental, that a country has the educational system, skilled and knowledgable workers and the institutions to innovate and adopt new technologies.
    

  


  
    
      

    


    Economies of Scale

  


  
    
      As the population and overall market grows, it is typical for a firm to lower the average cost of production - this is known as economies of scale. Holding the market price constant, if a firm can reduce average cost per unit as it expands output, profits will increase. In this way a growing population can be beneficial to commercial success and rising incomes.
    


    
      

    

  


  Empirical Studies of Population and Economic Growth


  
    
      Historic data has shown that there is evidence of a statistically significant negative correlation between population growth and economic growth. This means that as the population growth rate increases, the pace of economic growth slows down. Countries with a slower population growth rate show higher economic growth rates and greater gains in income.
    


    
      

    


    
      As we would expect, poor countries most adversely effected by rapid population growth. Higher Income Countries typically have lower population growth rates
    


    
      

    


    
      Data also shows that rapid population growth may also increase income inequality within a country.
    


    
      
        	Low-income families tend to have more children that high-income families which helps explain the growing gap between rich and poor within a country.



        	High population growth also increases the supply of low-skilled labor keeping the supply of low-skilled workers ample and depressing their wages.


      

    


    
      Slower population growth reduces income inequality.

    


    
      
        	Slower population growth increases the education and health level of children making them more productive and increasing employment opportunities thus helps to reduce income inequality.


      

    


    
      Higher Income Countries typically have lower population growth rates. The evidence also shows that as nations develop, they eventually reach a point where birthrates fall.

    


    
      

    

  


  
    

  


  The Economics of Population Control


  
    
      In this section, we develop a model that looks at population growth. From the presentation in this chapter, it is economically desirable for a country to avoid a high population growth rate. In economic terms, a population growth rate near the replacement rate (that stabilizes the total population) is optimal.

    


    
      

    


    
      There are two economic reasons why too high of a population growth rate is not desirable.
    


    
      

    


    
      
        	Congestion externalities – adding more people to a limited space. The cost of using resources and providing public goods increases as more people are added and overcrowding results.


      

    


    
      
        	High population may increase income inequality. Income equality can be considered a public good – the degree of income equality affects the entire population. In general, there is a desire to reduce income inequality within a country.


      

    


    
      

    


    
      Having children is a private decision that does not consider income inequality or congestion externalities.Overall, families have more children than is economically efficient.
    

  


  Microeconomics of Fertility


  
    
      Take an economic approach to family size. The benefit of having another child is shown by the marginal benefit curve - this represents the demand for children.Assume a downward sloping demand curve for children. As children become more expensive, the demand for children decreases.In contrast, assume the cost of additional children is constant. The next child costs the same amount to raise as the previous child.
    


    
      

    


    
      Figure 7-2:Economic Efficient Number of Children
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      Figure 7-2 starts where marginal benefit (MB1) of children and marginal cost (MC1) of children are equal with an efficent quantity of children = q1.

    


    
      

    


    
      The demand curve for children
    


    
      
        	Shifts inward with the transition from an agricultural to an industrial economy. This reduces the productivity of children who are productive workers on the farm, but not so in urban areas.



        	Shifts inward with better social programs for the elderly such as Social Security. Without public assistance, children are a form of insurance when people get older.



        	May shift inward with a decrease in the infant mortality rate – as fewer births are needed to have the desired number of children.


      

    


    
      Figure 7-3:Decrease in the Demand for Children
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      Figure 7-3 shows a reduction in the demand for children as a decrease in the benefit of having children - moving from a farm to a city for example.
    


    
      

    


    
      
        The supply (or cost) curve
      


      
        

      


      
        We continue to focus on the economic side of a family - not the emotional component. The demand for children comes from parents who may view a child as free labor - especially on the farm or to provide for the parent as he or she retires from work. In addition to the benefits associated with a child, there are also costs. Direct costs such as clothing, food, education and many others. Opportunity cost for the mother are also present, as pregnacy, giving birth and raising a child often takes time away from work reducing income and sometimes promotional possibilities.
      


      
        

      


      
        There is an increase the cost of children with:
      


      
        
          	Increase the opportunity cost of the mother’s time. Providing educational and professional opportunities for women results in smaller families.



          	Require education for children - children are prohibited from working thus adding to the family income. While in school, the child adds to cost but not income.


        


        
          Figure 7-4:Increase in the Cost of Children

        


        
          [image: ]

        

      


      
        In Figure 7-4, an increase in the cost of children is shown graphically by shifting MC1 up to MC2, decreasing the quantity of children to q3.
      

    


    
      

    


    
      

    


    
      

    

  


  Chapter 8: Resource Allocation


  
    
      In Chapter 6 we looked at a two-period model of resource use for either a renewable or for a depletable resource. For the Two-Period Model we assumed that there was a
    


    
      
        	Finite resource



        	Constant marginal cost



        	Stable demand curve for the resource.


      

    


    
      �For an efficient allocation more than half of the resource was allocated during first period, less in the second. Allocation was affected by both the marginal cost and marginal user cost where marginal user cost is the opportunity cost of using finite natural resources. With a constant marginal cost of extraction, the value of the marginal user cost rises over time as more of the depletable resource is used.

    


    
      

    


    
      In this chapter there is a model that considers the transition from a depletable to a renewable resource. In the model used here, there is a switch point from using only the depletable resource only then solely the renewable resource. Before the switch point, the depletable resource is used exclusively, after the switch point the renewable resource is used exclusively.
    


    
      

    


    
      While extreme in not allowing for the duel use of both depletable and renewable resource, the model can be considered fairly realistic. If not for government requirements to increase electricity generation from clean/renewable energy sources and subsidies there would be very little use and development of solar and wind since coal, natural gas and oil have a significant cost advantage. Of course, this ignores the external cost associated with the use of fossil fuels. If the environmental externalities of fossil fuels were included in their price, the world would likely greatly favor the use of renewable energy sources.
    

  


  
    

  


  
    For example, consider the U.S. military use of significant amounts of gasoline and diesel for operations in Afghanistan. The cost to ship fuel to port in Karachi, Pakistan or another port is about $1 gallon. From there, tanker convoys truck the fuel to bases in Afghanistan.Fuel transportation cost is very high because of transport and security problems – the convoys often attacked and destroyed. Because of the additional expenses, to transport fuel to forward bases cost as much as $400 a gallon. Instead, the military is now emphasizing the use and development of solar energy using easily movable solar panels as a fuel source as a cheaper and more flexible alternative to gas and diesel.
  


  
    

  


  
    
      Depletable – resource is finite and cannot be renewed.
    


    
      

    


    
      Recyclable – exists in a form allowing its mass to be recovered once it has been used.Recycling will extend a depletable resource but will not guarantee that the resource can last indefinitely.
    


    
      
        	Entropy – some of the mass of the resource is lost during recycling and thus some of the resource base. Therefore, the stock of a depletable resource is finite even with recycling.�

      

    


    
      Renewable resources can last indefinitely. For example, solar power, water, fisheries and forests.
    


    
      

    

  


  
    
      In many cases, the sustainability of renewable resources depends on the decisions of humans for the management of that resource – forests for example.
    

  


  
    
      

    


    
      The price of a resource is key. As price increases:
    


    
      
        	The exploration for new reserves of the resource increases – e.g. off-shore oil drilling or use of lower-grade ores.



        	Encourages technological progress that allows for the expansion of �developmentalpossibilitiesand the use of a resource.


      


      
        Market Allocations

      

    

  


  
    
      Resource reserves have two potential sources of value to the owner.
    


    
      
        	The use value when it is developed and sold at the present time.



        	An asset value when it is not immediately exploited and remains available for future development.


      

    


    
      If the price rises over time, the resource in the ground becomes more valuable. As a result, the owner has an incentive to conserve since this means a greater return in the future. Then a profit-maximizing producer will balance present and future production to maximize the value of the resource.
    

  


  
    
      �
    


    
      ���The Transition From Depletable to Renewable Resources

    

  


  
    
      

    


    
      �For our model in this chapter we assume there is a constant marginal cost of depletable resource extraction for the firm and a constant marginal cost of renewable resource production.
    


    
      

    


    
      Rather than a two time periods, the model is extended to n time periods.
    


    
      

    


    
      For a depletable resource assume that the private marginal extraction cost remains constant. However, total marginal costs will increase over time as the marginal user cost that reflects the opportunity cost of using a depletable resouce rises steadily. Assuming a finite resource with fixed reserves, total marginal cost is the sum of the provate marginal extraction cost plus the marginal user cost that is increasing at a constant rate over time. The marginal user cost:
    


    
      
        	�Reflects increasing scarcity and the accompanying rise in the opportunity cost of consumption as the remaining stock decreases.



        	As costs rise over time, output decreases and eventually goes to zero.


      

    


    
      �Output of the depletable goes to zero when the total marginal cost (private marginal cost + marginal user cost) exceeds the highest price that anyone is willing to pay.

    


    
      

    


    
      For the renewable resource, there is no marginal user cost as the resource is renewable - assuming prudent management and development. The total marginal cost = private marginal cost.
    


    
      

    


    
      We assume that the depletable and renewable resource are perfect substitutes. An additional assumtion for the n-period transition model is that the initial private marginal cost of the renewable resource is higher than the depletable resource. We start by assuming that the firm's cost to develop the depletable resource remains constant at $2 per unit regardless of the output level. For the renewable resource, marginal cost also remains constant regardless of the output level at $6 per unit.
    


    
      

    


    
      Figure �8�-1: The Switch to a Renewable Resource

    


    
      ���
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      �Starting at the left on Figure 8-1, the depletable resource is used exclusively since the marginal cost of production of the depleatable resource is a constant $2 per unit. This is much lower than the $6 per unit for the renewable resource. Production favors the lower cost source - none of the renewable resource is used. As the depletable resource continues to be developed and remaining reserves dimishish, we add in the marginal user cost to the private marginal cost ($2). Total marginal costfor the depletable resourceis the sum of the private and user cost (we assume a finite amount of the depletable resource).
    


    
      

    


    
      Eventually, the total marginal cost of using the depletable resource reaches $6 per unit and then the switch pointis reached. As the total cost of using the depletable resource exceed the constant marginal cost of the renewable ($6) only the renewable resource is used since it is both a perfect substitute and the lower cost option. The red solid line shows that our economy has switched from the depletable resource (black line) to the renewable resource (red solid line) at time period T*.
    


    
      

    


    
      The key point in the switch point model is the all-or-nothing use of the resources. As long as the depletable resource has a lower cost (total marginal cost = private marginal cost + marginal user cost) than the renewable (private marginal cost), only the depletable resource is used. Once the total marginal cost of the depletable resource exceeds the marginal cost of the renewable, the lower cost renewable resource is only used.
    


    
      

    


    
      We now consider a few variations of the model.
    


    
      

    

  


  Increasing Marginal Extraction Cost


  
    
      �Rather than holding the marginal cost of development of the depletable resource constant, we allow it to increase over time. A more realistic modification as typically the easiest accessable and lowest costs reserves are first developed.
    


    
      

    


    
      Figure �8�-2: The Switch to a Renewable Resource: Increasing Marginal Cost
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      In Figure 8-2 we start by replicating Figure 8-1 with the constant marginal extraction cost MEC(1) and rising total marginal cost TMC(1) resulting in a switch at time period T1. Instead, with risingmarginal extraction cost MEC(2) and thus a faster increase intotal marginal cost TMC(2).
    


    
      �
    

  


  Environmental Costs


  
    
      �Consider when resource extraction results in an external cost from production. For example when mining creates river pollution from the trailings.Since we are considering an external cost, the resource owner only accounts for internal costs. In contrast, an efficient outcome is based on both internal and external costs.
    


    
      

    


    
      Figure �8�-3: The Switch to a Renewable Resource and External Cost
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      Assume that the environmental damages are represented by an increase in the marginal cost by $1 as shown by MEC(2) also raising the total marginal cost to TMC(2).The cost effect reduces the time to a switch to a renewable resource from T1 to T2.
    


    
      

    


    
      Overall, ignoring external costs results in the depletable resource having too low of a price with too much extracted before reaching the switch point..Including the external cost results in an efficient outcome when less of the resource is consumed and a more rapid switch to a renewable.
    

  


  
    

  


  
    Exploration and Technological Progress

  


  
    
      �Typically, the most accessible reserves are developed first. Over time, as these reserves are depleted, reserves with higher exploration costs are developed. However, despite the rising exploration costs, the marginal extraction costs of developing new reserves may be lower than before as the technology of extraction advances. If the marginal extraction costs of newly discovered resources is low enough, then the new discoveries could lower or slow the increase in the total marginal production cost.
    


    
      

    


    
      As a result, new finds would tend to increase consumption as the lower marginal cost extends the use of the depletable resource. Consider Figure 8-3 but with marginal cost decreasing. In comparison to the model with no exploration, allowing exploration and technological improvements may result in a falling extraction cost over time, resulting in a slower transition to the renewable resource. Eventually, costs will rise since the resource is finite but falling costs may prevail for an extended duration of time.
    

  


  
    

  


  
    

  


  ��


  Chapter 9: Depletable Resource Industries


  
    �Energy Use by Type - World 2010

  


  
    Oil 32% �


    Natural Gas 26%

  


  
    Coal 23%


    Nuclear 6%


    Biomass/Waste 8%


    Hydro 2%


    Renewables 3%

  


  Natural Gas


  
    


    For many years, a price ceiling was applied to natural gas. A price ceiling sets a controlled price below the market equilibrium and �prevents prices from reaching their normal level.


    For producers, once marginal cost reached the ceiling then output stops since if MC > P, then produce at a loss.


    Figure �9-1: The Market for Natural Gas
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    Figure 9-1 shows the market for natural gas before price controls are applied. P* and Q* show the equilibrium price and quantity. Area A shows consumer surplus and area B producer surplus.


    Figure �9-�2�: �Natural Gas with a Price Ceiling�
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    In Figure 9-2 a price ceiling is applied below the equilbrium. The graph is for a given year - a short run outcome. The result is quantity increases to Qceiling in the short run as consumers respond to the lower price. The effect of the price ceiling is to increase consumer surplus by areas B + C, reducing producer surplus to area B'.


    While the price ceiling is appealing to consumers in the short run, long run problems are created.Assume that producers meet demand in the short run. Producers end up worse off since they are overproducing today and giving up future production.Increase today’s output but decrease future output.


    As the marginal extraction cost reaches the price control for some producers, their production drops to zero. Eventually a shortage is the result. Result of a price control is greater present consumption but less in the future as the resource is depleted at a faster rate.The ceiling is not efficient – since is not an equal transfer. The loss to future consumers and producers exceeds the gains for current consumers.By 1993, all price controls on natural gas had been lifted.

  


  Oil and OPEC


  
    OPEC (The Organization of Petroleum Exporting Countries) is a cartel formed in 1960s. A cartel is an organization of producers that coordinates output to help determine the price charged. A systematic reduction in output results in a reduced supply to the market and a higher price for customers.



    Figure �9-�3�: �The Domestic (United States) Oil Market
[image: ]
  


  
    Figure 9-3 shows the U.S. oil market with autarky - no oil imports. In this scenario, the only souce of oil is from domestic supplies. The supply curve reflect long run production from domestic reserves. Oil is a global commodity traded in world markets at a global price. Take the above graph and substitute World for US and the world price is determined. American producers will sell their output at the world price. Even if they can produce at a lower cost, they will sell at the world price if it is higher than cost. Global oil reserves are greater relative to global demand than in the U.S. market with autarky.
  


  
    

  


  
    Figure �9-�5�: �The Domestic� OilMarket with the World Price
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    Figure 9-5 shows Pworld < Pus. In the graph, the domestic demand for oil is found along the US demand curve at the world price resulting in a quantity demanded for oil equal to Qd(US). Since the world price is lower than the domestic autarky price, domestic oil output falls as domestic production is constrained by higher costs. The only part of domestic production that matters is along the US supply curve below the world price. This reflects cost at or below the world price allowing those domestic reserves to be produced at a profit (or at cost). Along the domestic supply curve above Pworld, costs exceed revenue and oil firms do not want to develop domestic reserves at a long run loss. If the world price rises, this encourages increased domestic production.
  


  Two Oil Embargoes and Two Different Responses


  
    
      The 1970s was a difficult decade in the United States. Aside from questionable clothing, music and lifestyle choices, there were two oil embargoes applied by OPEC countries that supplied over 50% of domestic U.S. oil. In the fall of 1973, OPEC imposed an embargo that lasted until March 1974. The price of oil immediately quadrupled causing an increase in the U.S. inflation rate. President Nixon responded by imposing price controls on what the oil companies could charge consumers for gasoline.
    


    
      

    


    
      Figure �9-�6��: ��OilEmbargo�
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      In Figure 9-6 we start with the world price where domestic demand (Qd) exceeds domestic supply (Qs). The difference is made up from imports - primarily from OPEC countries. Assume that the short run (about 1 year) supply of domestic oil is fixed at a level consistent with Qs. When the embargo took effect, imports essentially went to zero leaving domestic supply (Qs) as the source of oil for US consumption. The fixed short run supply of oil is shown by the red, perfectly inelastic supply curve. President Nixon's response to the embargo was to hold price constant at the previous world price. As a result, demand for gasoline remained essentially unchanged creating a substantial gasoline shortage. At this time, long, sometimes violent gasoline lines were the result.
    


    
      

    


    
      Lesson learned, when the second embargo was imposed in 1979, President Carter allowed gasoline prices to rise - to Pus in the graph. As before, short run supply was fixed as shown by the red line and imports fell to near zero (zero in the graph). The advantage of allowing price to rise to Pus is that domestic demand equals domestic supply when the embargo was in effect and there were no shortages of gasoline. However, the price consumers paid for gasoline skyrocketed and profits soared for U.S. oil companies. The cost of producing a barrell of oil for a domestic company is shown by the original, pre-embargo supply curve and with the embargo, the price charged increased to where short run supply (red line) equals domestic demand at Pus. President Carter responded by imposing a temporary windfall profits tax on the U.S. oil firms.
    


    
      

    

  


  Oligopoly and Cartels


  
    

  


  
    
      Cartels typically are found in an industry characterized by an oligopoly. Firms in an oligopoly produce nearly identical goods and high barriers to entry are present. Assume there are only two firms in the industry, each produces a good identical to the other. A busy intersection with two gas stations selling the same brand located on opposite corners for example. A payoff matrix shows the choices the two firms have in regards to their competitive behavior.
    


    
      

    


    
      Price War - lower price below the competitor's to gain market share.
    


    
      Comply - avoid a price war and maintain a price identical to the competitor's.
    


    
      

    


    
      As the payoff matrix below shows, a price war may lead to a temporary advantage, but can soon be matched by the other firm. A price war quickly creates two losing firms. The optimal business strategy is to set identical prices and divide up the market share.
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      In an oligopoly, the optimal business model is for firms, or in the case of oil - oil exporting nations, to cooperate to limit supply and drive up the market price. In this way they can earn near monopoly profits.
    


    
      

    


    
      Figure �9-�7���: ��Monopoly�
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      Figure 9-7 shows the monopoly outcome. In contrast, as competition increases, price falls and output increases. For a relatively homogenous good like oil, a competitive market is the norm is the absence of cooperative actions by the majority of important producers.
    


    
      

    

  


  Four important factors for OPEC



  
    


    
      	The price elasticity of demand for OPEC oil.



      	The income elasticity of demand for oil.



      	The ability of non-OPEC producers to respond to higher prices.



      	The ability of OPEC to maintain discipline among its member countries.


    


    


    


    


    
Price Elasticity of Demand
  


  
    


    
The price elasticity of demand measures the response of the quantity demand for a good to a change in the price of the same good.


    


  


  
    eD = % change in quantity demanded


    
        % change in price


    


  


  
    Price elasticity depends of the availability of substitutes – both from oil suppliers and other forms of energy, and the opportunities for conservation.The smaller the absolute value of eD, the larger the gains from forming a cartel as an increase in the price of oil has a minimal decrease in demand for oil.Over time, price elasticity tends to increase as the availability of substitutes increases along with the opportunities for conservation.
  


  
    

  


  
    The income elasticity of demand for oil

    

    Income elasticity measures the response of demand for a good to a change in incomes of oil consumers.

    

    ei = % change in demanded

        % change in income

    

    Income elasticity ndicates how responsive oil demand is to global economic growth as incomes rise with growth. Oil has a positive income elasticity indicating that as wealth increase, so does oil consumption. As we become weathier, there is an increased preference for larger homes, luxury and faster cars and more travel.
  


  
    

  


  
    Non-OPEC Supplies

    

    OPEC member countries produce about 2/3 of global oil. The presence of non-OPEC oil producers results in a lower OPEC price as OPEC does not want to encourage too much exploration and competition. The optimal cartel strategy is to hold back on production, but not maximize profits.

    Want to encourage non-OPEC producers to provide the supply that OPEC is not producing resulting in a faster exhaustion of non-OPEC reserves. Long-run goal of OPEC is to control a greater share of the market with increased ability to manipulate price.

    

    OPEC Discipline

    

    As price increase, the incentive is to cheat by cartel members also increases by selling production above the quota in the spot market. For example, there was a collapse in OPEC's ability to control output with the Iran – Iraq war. As the war continued, both countries started to ignore their quota output in order to gain additional revenues to finance the war. The higher the price and profits, the greater the incentive to cheat.
  


  
    
      

    

  


  Western Oil Production


  
    
      
        2009 - daily oil consumption
      


      
        
          	���United States 18,690,000barrels a day



          	European Union 13,630,000barrels a day



          	China 8,200,000barrels a day


        

      


      
        ��2009 US Oil imports
      


      
        

      


      
        10,400,000 barrels per day
      


      
        

      


      
        • Canada is the top petroleum exporter to the United States, followed by Mexico
      


      
        

      


      
        According to Daniel Yergin, an American oil historian:
      


      
        • “This is an historic shift that’s occurring, recalling the time before World War II when the U.S. and its neighbors in the hemisphere were the world’s main source of oil,”
      


      
        • “To some degree, we’re going to see a new rebalancing, with the Western Hemisphere moving back to self-sufficiency.”
      


      
        

      


      
        The Middle East can still influence oil prices greatly, its oil fields are generally cheaper to develop. However, the ability of OPEC to manipulate the world price of oil may be fading substantially as technology may be trumping geology. In the United States there is a share oil and natural gas boom as slant drilling and fracking of reserves has greatly increase U.S. domestic output of oil and natural gas.
      


      
        

      


      
        • Rock formations in Texas, Colorado, Pennsylvania, �North Dakota and other states are yielding oil and natural gas through the blasting of water, chemicals and sand through rock to free oil inside, known as fracking.
      


      
        • A shale formation in North Dakota’s prairie that is producing 400,000 barrels of oil a day.
      


      
        • Oil is contained in shale and other rocks projected to exceed two million barrels a day by 2020.
      


      
        

      


      
        While the U.S. is likely to obtain the majority of its oil supply from imports, fewer of those imports will arrive from countries that have historically imposed embargoes and the majority of imports will be delivers from otherWestern Hemispherenations.
      


      
        
          	Brazil will become an oil power by the end of the decade, with production in line with that of Iran, the country’s oil production climbing to 5.5 million barrels a day by 2020.



          	��Output from Canada’s oil sands may almost double to three million barrels a day by 2020


        

      

    

  


  
    
      AlsoVenezuela,Mexico andColumbia are expected to increase output and exports.
    


    
      

    

  


  Fossil Fuels and Climate Change


  
    
      �For fossil fuels, coal has the great amount of CO2 emissions and natural gas the least - about half that of coal.CO2 emissions are typically an externality to the producer or user as emissions are seldom taxed or paid for using emissions permits.

    


    
      

    


    
      We consider a model of the accurate pricing of fossil fuels - using oil as an example. An addition of a carbon tax or cap-and-trade system of carbon emission permits are ways to internalize some of the external cost of using fossil fuels for industry, transportation and domestic applications.
    


    
      

    


    
      Figure �9-�8���: ��Global Oil Market Without Carbon Tax or Permit System

    


    
      [image: ]

    


    
      
        Sd1 is the domestic supply curve for oil that excludes the CO2 externalities from burning oil. Assume that can import as much oil as desired at the world price.
      


      
        

      


      
        
          	Pw1 – the actual world spot price.



          	Qd = domestic oil consumption.



          	�Qs = domestic oil production at the world price.



          	Qd – Qs = imported oil.


        


        
          Figure �9-�9���: ��Global Oil Market Including a Carbon Tax or Permit System

        

      


      
        [image: ]

      


      
        Inclusion of a carbon tax or permit system raises the cost of using fossil fuels in two ways.
      


      
        

      


      
        First in the domestic market, the domestic supply of oil curve shifts inward as production costs increase. Domestic producers have an added cost of paying the tax or purchasing carbon permits. This is shown by a shift of the domestic oil supply curve from Sd1 to Sd2. Second, the same effect takes place in the global oil market as we assume the carbon tax or permit system is applied throughout the world. Since the graph shows the domestic oil market, shifting up the world price of oil is shown by an increase from Pw1 to Pw2.
      


      
        

      


      
        The net outcome is an increase in domestic output as the higher price of oil encourages domestic production despite the higher cost - to Qs2. Domestic demand falls to Qd2 at the higher world price. Imports decline as well.
      


      
        

      

    

  


  Global Warming


  
    
      
        
          ���CO2 emissions (in millions of tons)
        


        
          

        


        
          2008 - Total
        


        
          

        


        
          1. China: 7,032
        


        
          2. U.S.: 5,461
        


        
          3. European Union: 4,178
        


        
          4. India: 1,743
        


        
          

        


        
          2008 - Per Capita
        


        
          

        


        
          1. China: 5.3
        


        
          2. U.S.: 17.5
        


        
          3. European Union: 7.9
        


        
          4. India: 1.2
        

      


      
        

      


      
        
          Intergovernmental Panel on Climate Change
        


        
          

        


        
          A group of over 2,500 scientists who collectively constitute the world’s most authoritative voice on global warming.
        


        
          

        


        
          Released a report that leaves no doubt that man-made emissions from the burning of fossil fuels (and, to a lesser extent, deforestation) have been responsible for the steady rise in atmospheric temperatures.
        


        
          

        


        
          If these emissions are not brought under control, the report predicts, the consequences could be disastrous:
        


        
          
            	�further melting at the poles,



            	sea levels rising high enough to submerge island nations,



            	the elimination of one-quarter or more of the world’s species,



            	widespread famine in places like Africa,



            	more violent hurricanes.


          

        


        
          �And it warns that time is running out. To avoid the worst of these disasters, it says, the world must stabilize emissions of greenhouse gases by 2015, begin to reduce them shortly thereafter and largely free itself of carbon-emitting technologies by midcentury.

        

      


      
        

      


      
        
          Pentagon Report on Climate Change (August 2009)
        


        
          

        


        
          The Department of Defense’s climate modeling is based on sophisticated Navy and Air Force weather programs and other government climate research programs at NASA and the National Oceanic and Atmospheric Administration.
        


        
          

        


        
          The changing global climate will pose profound strategic challenges to the United States in coming decades, raising the prospect of military intervention to deal with the effects of violent storms, drought, mass migration and pandemics, military and intelligence analysts say.
        


        
          

        


        
          Such climate-induced crises could topple governments, feed terrorist movements or destabilize entire regions.
        


        
          

        


        
          Recent studies conclude that over the next 20 to 30 years, vulnerable regions will face the prospect of food shortages, water crises and catastrophic flooding driven by climate change
        


        
          

        


        
          A changing climate presents a range of challenges for the military. Many of its critical installations are vulnerable to rising seas and storm surges.
        


        
          “We will pay for this one way or another,” Gen. Anthony C. Zinni, a retired Marine and the former head of the Central Command, wrote recently in a report he prepared as a member of a military advisory board on energy and climate at CNA, a private group that does research for the Navy. “We will pay to reduce greenhouse gas emissions today, and we’ll have to take an economic hit of some kind.
        


        
          “Or we will pay the price later in military terms,” he warned. “And that will involve human lives.”
        


        
          

        


        
          
            Stern Review on the Economics of Climate Change
          


          
            

          


          
            �Comprehensive report commissioned by the British Government

          


          
            

          


          
            Goal will be to stabilize greenhouse gas levels by 2050.
          


          
            

          


          
            To achieve that level, emissions per dollar of GDP would need to be cut by 60 – 70% by 2050.
          


          
            

          


          
            Although this may appear overly optimistic, given today's technology the target is certainlty achievable
          


          
            

          


          
            1. Commute to work:
          


          
            
              	Use public transportation.



              	Bike



              	Carpool



              	More fuel efficient car


            

          


          
            2. The Employer
          


          
            
              	Increase efficiency of office building



              	Electricity generated using renewable



              	If Global Warming is allowed to continue at the current pace without mitigation, there could be a reduction in the world’s annual GDP by up to 20%.



              	In contrast, the economic cost to achieve this goal will be limited to about 1% of annual GDP.


            

          


          
            Tradable Pollution Permits
          


          
            

          


          
            Implemented in 1994 as a modification of the Clean Air Act. The permit system was used to reduce domestic sulfur dioxide emissions in the United States. Sulfur dioxide is a major cause of acid rain. Public utilities and industry may use coal and oil as inputs in the production of electricity. The buring of fossil fuels results in emissions of carbon dioxide,sulfur dioxide and other gasses. Thesulfur dioxide would be picked up by the jet stream and move eastward, eventually falling back to earth with rainfall.
          


          
            

          


          
            US government required utilities and industry to purchase of a permit to emit SO2 – major source of acid rain.
          


          
            

          


          
            As firms reduce emissions of SO2, they can sell excess permits – partially offsetting the cost of reduced emissions.
          


          
            

          


          
            e.g. Switch from high-sulfur coal to low-sulfur or natural gas.
          


          
            

          

        

      

    

  


  
    
      
        U.S. SO2 Emissions in Millions of Tons
      

    


    


    
      
        1990 15.7
      

    


    
      
        2000 11.2
      

    


    
      
        2010 8.95 
      

    

  


  
    
      
        

      


      
        

      

    


    
      

    


    
      

    

  


  Chapter 10: Recycling of Resources


  
    Efficient Amount of Recycling

  


  
    
      
        Over time, the combination of increases in the cost of extracting depletable resources and higher disposal costs of garbage in landfills encourages recycling.
      

    


    
      
        

      


      
        When consumers bear the cost of disposal, there is an increased incentive for recycling. For example, if consumers are charged by the disposal collection service by weight of the garbage picked up, they have an incentive to reduce their disposal billl by increased recycling.
      

    


    
      

    


    
      
        Metals are easier to recycle as they often have a uniform quality. Contaminants can be removed in the recycling process using high-temperatures. In contrast,plastics which are typically contaminated with nonplastic substances - the wrapping label.Using high-temperatures to remove contaminants melts the plastics, making them worthless andplastic manufacturing has little tolerance for impurities.
      

    


    
      
        

      

    


    
      
        MBA Polymers
      


      
        

      


      
        MBA Polymers is an American company that has developed a process for separating plastic from piles of junked computers, appliances and cars and then recycling it into pellets to make new plastic. The process uses less than 10 percent of the energy required to make new plastic from crude oil. This gives MBA polymers a significant cost advantage over firm that produce new plastic from petroleum.
      


      
        

      


      
        MBA Polymersseed money was provided mostly by U.S. taxpayers through federal research grants, yet today only his headquarters are in the United States.Factories are in Austria, China and Britain. Overall, the company employs 25 people in California and 250 overseas.
      


      
        

      


      
        The problem is that Americans recycle only about 25 percent of their plastic bottles. Most of the rest ends up in landfills or gets shipped to China to be recycled here. The country has no mandatory requirement to recycled junked electronic products and appliances. In comparison, the European Union, Japan, Taiwan and South Korea and China have enacted producer-responsibility laws requiring that anything with a cord or battery — from an electric toothbrush to a laptop to a washing machine — has to be collected and recycled at the manufacturers’ cost. This gives MBA Polymersthe regular source of raw materials needed at a reasonable price. Because recyclers now compete in these countries for junk, the cost to the manufacturers for collecting it is steadily falling.This creates a win-win-win outcome. Products that would otherwise end up in costly landfills are now recycled. There is a steady supply of discarded, tech equipment, appliances and cars for the plastic recyclinfg firms. The plastic recyclers, pay the manufacturers for the materials, offsetting some of the cost to the manufacturing companies of collecting disposed products.
      

    


    
      

    

  


  
    
      
        Cost of Recycling
      

    


    
      
        

      


      
        Recycled materials often enjoy a noticable cost advantage in comparison to the use of raw materials as an input in the production of commodities and goods. However, there may be cost disadvantages as well.
      


      
        

      


      
        Historically, production facilities are often located close to the source of the raw materials. Steel mills in Pittsburgh and Ohio are located relatively close to iron ore resources and a cheap energy source - coal. The auto industry also has historically centered in the MIdwest, relatively close to the steel firms offering substantial cost savings on the transport of critical inputs. In contrast, the majority of the supply for recycling is in urban areas.Transporting recycled materials to the production plants where they can be used is often expensive.Recycling also tends to be labor intensive with collecting, sorting and processing which adds to the cost. Recycling forms also have to deal with variable resource prices that create uncertainty about the continuation of recycling programs that cover cost.
      

    


    
      

    


    
      
        Recycling Increases Stock of Raw Materials
      


      
        

      


      
        Since recycling is not 100% efficient, recycling extends the supply of raw materials but does not make it unlimited.
      


      
        

      


      
        The formula to apply is:
      


      
        

      

    

  


  
    
      
        
          A / (1-a)
        

      

    

  


  
    
      
        

      


      
        Where
      


      
        
          	A = original stock



          	a = recovery rate, where 1 > a > 0


        

      


      
        The higher the value for a, the greater the extension of the original stock.
      


      
        
          	e.g. a = 0.9 then the available resources are increased by a factor of 10.



          	e.g. a = 0.5 then the available resources are increased by a factor of 2.



          	e.g. a = 1.0 then the available resources are increased by infinity.


        

      

    

  


  Resource scarcity


  
    
      Resource scarcity is affected by and can be mitigated by:

    

  


  
    
      
        
          	Exploration and discovery



          	Technological progress



          	Substitution


        

      


      
        Exploration and Discovery
      


      
        

      


      
        Marginal scarcity rent (MB, marginal benefit) = price received – marginal extraction cost.Resource extraction until the marginal discovery cost equals the marginal scarcity rent (revenue) from selling another unit of the resource.The firm maximizes profits when MB = MC
      


      
        

      


      
        Over time, with rising population and income, the demand for natural resources increases.Higher demand increases price and scarcity rent, increasing the search for new reserves.How much supply can keep pace with increasing demand depends on exploration activity and success.
      


      
        

      


      
        A relatively flat marginal discovery cost curve indicates that the resource is plentiful and increases in scarcity rent result in increased output to keep pace with demand.
      


      
        

      


      
        Technological Progress
      


      
        

      


      
        Will lower cost of extraction and the use of the resource.Rising extraction cost encourage technological advancement to offset the increasing cost.
      

    


    
      

    


    
      
        Resource Scarcity and Recycling
      


      
        

      


      
        An isoquant is used to show possible combinations of inputs that can produce a given output level.

      


      
        

      


      
        Figure 10-1 Fixed Input Production
      


      
        [image: ]

      


      
        In Figure 10-1, we consider the production of a good using two inputs, X and Y. As we move outward from the origin along the horizontal axis, there is an increase in the X input. Moving up along the vertical axis will increase the Y input. Aright-angled isoquant (F1) exhibits fixed-proportions for inputs where input substitution is not available. For example, regardless of the amount of X input available, output can not increase beyond the constraint of the Y input. To increase total output, both inputs X and Y will need to increase by proportional amounts. A reduction of either input results in a reduction in total output - to the F2 isoquant for example. An example of fixed input production is fertilizer.

      


      
        

      


      
        
          Assume that Y represents a depletable resource used and X is also a resource used in production.Availability is reduced from X1 to X2.If the production technology is represented by F, substitution of Y for X is not possible and output switches to isoquant F2 which represents a lower level of output.Output drops from O1 to O2.Since inputs are used in fixed proportions, the amount of Y used in production is reduced from Y1 to Y2 since Y2 corresponds to amount X2. Note that there is no decrease in the availablility of the Y input but the use of Y falls regardless since less X is available and used in production.
        

      


      
        

      


      
        Figure 10-2 Production Using Substitute Inputs
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        The isoquant S1 allows for input substitution representing a different production technology than F1.F1 and S1produce the same output level.If technology is represented by S1, reducing the X input from X1 to X2 does not involve a reduction in output and Y can be substituted for X in production. The use of the Y input increases to Y3. Overall, substitution reduces the impact of resource scarcity on output. The availability of recycled materials represents a substitute for scare raw materials.

      

    

  


  The Efficiency Level of Disposal and Recycling


  
    
      Figure 10-3 The Marginal Cost of Disposal and Recyclng
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      Figure 10-3 shows that cost associated with garbage disposal that is dumped at a landfill and the cost of recycling additional material. At the bottom left of the x-axis shows a point of no recycling complemented by 100% disposal. As we move to the right along the bottom axis, more of our garbage is recycled and less issent to the landfill. Once we reach the right side of the x-axis, there is 100% recycling and nothing issent to the landfill. The opposite occurs as we start at the bottom right axis and move leftward - recyclining decreases and landfill disposal increases.
    


    
      

    


    
      The marginal cost of disposal is shown by the private marginal cost of disposal (MCp) that does not capture the full cost of disposal in landfills.The marginal cost curve of recycling is including demonstrating the increased cost of additional recycling. Attempts to reach 100% recycling become increasingly costly and impractical even when disposal costs are very high. The point of the graph is to show an efficient level of recycling where the two cost curves are equal at Q1.
    


    
      

    


    
      The flaw with the analysis is that there are additional costs of disposal that are not part of the private collection cost.

    


    
      
        	Landfills lower local area air quality.



        	Landfills can result in the pollution of local water supplies as toxins leach into the water table.



        	Landfills reduce local property values.



        	Especially in urban areas, there is a high opportunity cost of using landfill land. The landfill area may have high property values.


      

    


    
      Empirical studies estimate that external costs that are not part of the disposal cost add 25% to 45% to the total cost of landfill disposal in urban areas and 20% to 40% in rural areas.
    


    
      

    


    
      Figure 10-4 An Increase in Recyclng
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      Figure 10-4 shows the optimal level of recycling as external disposal costs are included. Including external disposal cost shifts the marginal cost of disposal curve to the right (an increase in disposal cost). The efficient level of recyling increases to Q2.

    


    
      

    


    
      In practice, to encourage recycling we can:
    


    
      
        
          	Subsidize recycling with curbside pickup or pay people to recycle.As recycling increases, economies of scale lower the ATC of recycling making it more profitable.Lower costs can also be passed on to scrap buyers making the use of recycled supplies more competitive in relation to raw materials.


          	Homeowners typically pay a flat-rate for collection rather than an increasing cost that correlates to the weight of trash - this encourages filling up the trash can.


          	Eliminate government subsidies directed towards the production of raw materials. Will increase the use of recycled inputs. Instead, tax the use of raw materials to make recycled materials more cost effective.


        

      

    


    
      A subsidy of recycling will shift the marginal cost of recycling curve (MCr) to the right, increasing the optimal level of recycling.
    

  


  
    
      
        

      


      
        

      

    

  


  Chapter 11: Water Resources


  
    The Green Revolution combined of new crop hybrids, fertilizers and water irrigation to make a huge growth in global population possible without any consequential food shortages.The area under irrigation has doubled and the amount of water used in farming has tripled in the last 60 years.In the year 2000, 8% of the world’s population lived in countries that are chronically short on water. By 2050, this percentage is expected to rise to 45% (4 billion people).
  


  
    
      

    


    
      Oceans comprise 97.5% of global water supplies.
    


    
      
        	Fresh water is the other 2.5%.


      

    


    
      

    


    
      For fresh water:
    


    
      
        	Glaciers and ice caps (frozen water) = 69%



        	Groundwater = 30%



        	Permafrost, surface and atmosphere = 1%


      

    


    
      
        	Agriculture accounts for 70% of total global water use.



        	Industry for 22%.



        	Domestic activities for 8%.


      

    


    
      For the most part, the supply of fresh water is finite since desalinization is an expensive, energy-intensive process.

    


    
      

    


    
      Distribution - ten countries account for almost 60% of the world’s supply of fresh water.
    


    
      
        	Brazil … 8,233 ckpy (14.9% of world total)



        	Russia … 4,498 (8.1%)



        	Canada … 3,300 (6%)



        	United States … 3,069 (5.6%)



        	Indonesia … 2,838 (5.1%)



        	China … 2,830 (5.1%)



        	Colombia … 2,132 (3.9%)



        	Peru … 1,913 (3.5%)



        	India … 1,908 (3.5%)



        	Democratic Republic of Congo … 1,283 (2.3%)


      

    


    
      China and India have about 1/3 of the world’s population but less than 10% of its fresh water.Most of India’s rain is brought by the summer monsoon, which falls in just a few weeks between June and September.Water is local. It is heavy—264 gallons weighs a ton—so expensive to move.Underground water has come to be seen as especially valuable as the demands of farmers have outgrown their supplies of rain and surface water. In many of the world’s biggest cities often depend on aquifers for their drinking waterThe quantities being withdrawn exceed the annual recharge.
    


    
      

    


    
      India and Pakistan
    


    
      

    

  


  
    
      
        In 2010, the State Department announced that water scarcity had been upgraded to “a central U.S. foreign policy concern.”
      


      
        

      


      
        Like Egypt on the Nile, arid Pakistan is totally reliant on the Indus and its tributaries. Yet the river’s water is already so overdrawn that it no longer reaches the sea.Pakistan’s population is expected to rise to 220 million over the next decade, up from around 170 million today. Pakistan only has the capacity to hold a 30-day reserve storage of water as a buffer against drought.Given the rapid melting of the Himalayan glaciers that feed the Indus River it’s unlikely that Pakistani food production will long keep pace with the growing population.
      

    


    
      
        

      


      
        Indus Waters Treaty - a 1960 agreement between India and Pakistan for sharing the river system water supply.To cope with its own severe electricity shortages, India is building a series of hydropower dams on Indus tributaries where the rivers emerge from the Himalayas. This is technically permissible under the treaty. Over time, the struggle for water could also become a tipping point for renewed war with India.America’s $7.5 billion assistance program to Pakistan focuses on major water projects aimed at bolstering national storage capacity, irrigation, safe drinking water and electrical power service.
      

    


    
      

    

  


  
    Surface Water

  


  
    
      
        An efficient allocation of surface water involves:
      

    


    
      
        
          	Allocation of water to different users.



          	Dealing with annual variability in water flow.


        

      

    


    
      
        Allocate water among users so that the marginal net benefit is equal for all users.Where marginal net benefit is the vertical distance between the demand curve and the marginal cost of distributing that water.To equalize marginal net benefits, transfer water from users with low net marginal net benefits to those with higher marginal net benefits increasing total benefits to the users.
      

    


    
      
        

      

    


    
      When we consider the allocation of surface water, assume that we have just two users (or uses) of the surface water supply.
    


    
      
        
          	A = home use for water.



          	B = agricultural use of water.


        

      

    


    
      Figure 11-1: Urban Demand and Net Benefits of Surface Water

    


    
      
        [image: ]

      

    


    
      
        Figure 11-2: Agricultural Demand and Net Benefits of Surface Water
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        Figure 11-1 and 11-2 show the net benefits associated with the use of water. Starting with Figure 11-1, there are substantial net benefits associated with the urban use of water in comparison to agricultural use as shown in Figure 11-2.

      


      
        

      

    


    
      
        Figure 11-3: The Efficient Allocation of Surface Water
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        Following Figure 11-1 and 11-2, there are two user of the water supply - household and industrial (urban) and agriculture.

      


      
        
          	Urban = A



          	Agricuture = B


        

      


      
        NMBA and NMBB represent the netmarginalbenefit curves for the two water consumers.The sum of the individual netmarginalbenefits is the dashed aggregate line, NMBA+B.

      

    


    
      
        

      


      
        If the amount of water available is S0, the amount of water available is QT0.
      

    


    
      
        
          	Where the water supply line equals the total demand -NMBA+B.


          	An efficient allocation would giveQB0to user B andQA0to user A where the net marginal benefits for both uses are equal.


        

      

    


    
      
        The netmarginalbenefit is equal for both, In this case water is allocated to both users - user A receives the higher allocation.

      

    


    
      

    


    
      
        Instead, assume there is a drought as shown by Sd.
      

    


    
      

    


    
      
        Figure 11-3: The Efficient Allocation of Surface Water with a Drought
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        In this case only user A will receive water since the marginal net benefit for B at Sd lies below that for A.By using the entire available water supply, user A receives he highest benefit for the use of water with B.
      

    


    
      

    


    
      Alternatively, consider two uses of a water supply - home domestic needs and exterior watering of the lawn. In the case of a drought and water shortages, the local water district will impose watering restrictions for outdoor use to conserve the limited water supply.
    

  


  
    

  


  
    Groundwater

  


  
    
      

    

  


  
    
      
        In early American history, water rights followed English law where the surface landowner had ownership over the aquifer.A landowner can pump as much water out of the aquifer without regard for the impact this would have on other landowners. Since the Eastern states were first settled, rainfall was plentiful and there was little need for wells or underground water sources.
      

    


    
      
        

      


      
        As the country expanded into the West, groundwater extraction become a necessity for adaquate water supplies. In our model if groundwater withdrawals exceed the replenishment of the aquifer, groundwater is typically an increasing-cost, depletable-resource.In this case, there is a marginal user cost associated with groundwater use.
      


      
        

      


      
        Figure 11-4:The Depletion of Groundwater
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        Since the rate of groundwater depletion typically exceed the replenishment of the aquifer, groundwater can be treated as a depletable resource. In Figure 11-4 groundwater has a constant pumping cost but as the water table falls, there is an increasing marginal user cost resulting in an increasing Total Marginal Cost associated with groundwater use. Eventually a switch point is reached where groundwater use goes to zero.
      


      
        

      

    


    
      
        Pumping groundwater will end when either:
      

    


    
      
        
          	The water table runs dry.



          	The marginal cost of pumping exceeds the marginal benefit.



          	The marginal cost of pumping exceeds the marginal cost of acquiring water from another source.


        

      

    


    
      
        e.g. surface water than is diverted using pipelines.
      

    

  


  Western US water law


  
    
      
        In the seventeenth century, as the Europeans settled in the northeastern areas, they found a natural water system similar to what they had used in Europe.

      

    


    
      
        Plentiful rainfall and an abundance of rivers, streams and lakes.As subjects of the British crown, they applied English legal doctrine to the use of water resources.
      

    


    
      

    


    
      
        Riparian Water Rights – right to water use went to those who owned the land bordering the water resources (rivers, streams and lakes).Water rights determined by land ownership. Owners of non-riparian lands (do not border water resources) do not have any legal rights to the water. As the West was settled and water became scare, riparian law did not work as people settled along streams.There was a great need for irrigation and upstream users will take out what they needed, leaving little for downstream uses.
      

    


    
      

    


    
      
        As an alternative Western US water law developed consisting of 3 simultaneous doctrines:
      

    


    
      
        
          	Prior Appropriation Doctrine:First come, first served. First users of water have senior claim on the water and later users, junior claims can only use water not allocated to senior users.Users must make beneficial use of water.Riparian law considers users to be equals In contrast, prior appropriation creates a hierarchy of users where the first users have priority.Users that do not fully exercise their water rights would lose the right to the unused water.If use stops, water rights are lost, discouraging conservation.


          	State government:As population has grown, state governments became involved to provide municipal supplies. Ownership of water belongs to the state – public ownership.Water claimants had the right to use water based on senior rights, but do not own the water.State controls rates charged for water use.Principle of public ownership gives state control over water rights restricting water transfers from one district to another with a greater use value.Reliance on a bureaucracy to allocate water rather than the market.


          	Federal government:From 1900 through 1970, the federal government sponsored significant construction of dams and canals, primarily for irrigation.Has built over 700 dams in the West to promote development and economic growth.The federal government subsidizes water use paying 81% of the cost of supplying irrigation water and 64% of municipal water use.Due to federal subsidies and low prices, agricultural irrigation is the dominant use of Western water although the marginal net benefits of agricultural water use are generally relatively low in comparison with other uses (domestic, municipal, etc.).Trend has been towards a return of riparian management to balance competing interests of landowners, federal and state governments.

        

      

    

  


  The System of Western Water Allocation is not Efficient


  
    


    
      	Restrictions on the transfer of water limits availability to the highest value users.



      	Prices may be too low.


    


    Water Transfers



    An efficient allocation is where the marginal net benefits are equalized across all uses of water.Users with relatively low marginal net benefits from their current allocation would trade their rights to users with higher marginal net benefits.


    


    
      	The seller would increase their benefits since the payment received for the water transfer would exceed the use value of the water.



      	The buyer would receive a greater benefit from having additional water than the cost of acquiring access to that water – another gain in marginal net benefits.


    


    This is especially a problem during droughts or other reductions in supply when higher value users would take preference over lower-value users.Significant differences in the price paid for water by different users gives evidence that the system is not efficient.


    Assume two water demand functions:


    


    
      	municipal and industrial



      	irrigation and farming


    


    also assume delivery cost is the same for both uses.



    Figure 11-4: A comparison of Urban and Agricutural Water Use



    [image: ]



    Based on historical allocation, Figure 11-5 shows urban water use is at Q1 and farm use at Q3.Urban users pay P1 ($80) and farmers P3 ($15 per acre-foot), where price represents the marginal value of water use.


    Transferring water from farmers to urban use results in a net gain in value of P1 – P3 to start. In dollar terms the net gain for the first acre-foot of water is $80 - $15 = $65. It is efficient to reallocate until marginal valuations are equal at P = $30 (P2).


    Urban use increases to Q2 and agricultural use declines to Q3.


    Total net gain from the reallocation = (A + B) – (C + D).


    In practice, water transfers can take place through:


    


    
      	Public regulatory agency.



      	Market for water rights transfers.


    


    In Colorado, Front Range cities have been able to purchase agricultural water rights.
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