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            A MORE REALISTIC AGGREGATE DEMAND-AGGREGATE SUPPLY 
                    MODEL IN INTRODUCTORY ECONOMICS
Abstract: Consistency in the development and presentation of the aggregate demand-aggregate supply (AD-AS) model in introductory economics is crucial. Logical consistency requires drawing on the underlying microeconomic fundamentals of firm behavior and market adjustment. Empirical consistency requires accounting for observed changes in real national output and the aggregate price level, for example, the absence of deflation over the past half-century for the U.S. economy. The conventional treatment of the AD-AS model typically found in economic principles texts falls short on both accounts. In particular, the concept of the long-run aggregate supply curve, as traditionally presented, is not useful, and is even counterproductive. In macroeconomic analysis, chronological time, e.g., periods of a year, should be used, rather than the standard short-run/long-run distinction based on price expectation adjustments. Accounting for annual changes in real GDP and the aggregate price level is not only more intuitive, but reflects the actual macroeconomic data collected and reported. A simple linear aggregate demand-aggregate supply model is offered for explaining more effectively the annual behavior of the macroeconomy. The model is illustrated with more realistic comparative static exercises.    
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            A MORE REALISTIC AGGREGATE DEMAND-AGGREGATE SUPPLY 

                     MODEL IN INTRODUCTORY ECONOMICS

Perusing principles texts finds a disconcerting inconsistency and unnecessary simplification in the presentation of the basic aggregate demand-aggregate supply model, an essential construct in macroeconomic analysis. Indeed, some time ago Colander (1995:170) observed that the aggregate demand-aggregate supply model “as currently presented is seriously flawed...[and] consistent neither with observed reality nor with the disequilibrium adjustment story that most macroeconomists accept.” This criticism is still true.  

Below the underlying microeconomic basis for teaching the short-run aggregate supply (AS) and aggregate demand (AD) curves in introductory economics is briefly reviewed. The emphasis, however, will be on the aggregate supply curve, since this is the area of the greater debate in economics and, consequently, less consistency in the principles texts.1 

Then a more realistic aggregate demand-aggregate supply model will be offered along with some comparative static exercises to illustrate.  





   The Aggregate Supply Curve 


The aggregate supply function relates the quantity of real national output produced (usually represented on the horizontal axis) to the average price level (represented on the vertical axis). The short-run AS curve is drawn holding constant the supply curves of the primary factors of production, technology, government regulation and taxes, and the institutional environment. In the short run, the effect of a given change in aggregate demand on real national output and the price level depends on the slope of the AS curve, which, in turn, reflects primarily:
       • marginal products of the factors of production
       • factor prices and the extent to which market-clearing or
         institutionally-set prices prevail.
Microeconomic Foundations


In microeconomics, labor is typically assumed to be a variable factor of production in the short run; the physical capital stocks of the firms, as well as technology, are assumed to be fixed. For the individual firm, the short-run marginal cost curve, drawn holding constant input prices, eventually slopes upward due to diminishing returns to labor. 

If perfect competition prevails, then the individual firms are price-takers and the common price adjusts to clear the output market. If imperfect competition prevails, then firms are price setters, facing individual demand curves for their outputs. Imperfect competition and entry barriers, however, may result in less than perfectly flexible prices. For example, oligopolists may set prices based on a mark-up of average costs and refrain from frequent price changes, especially price cutting, for a variety of reasons, including menu costs and uncertain reactions of rivals.     


In the labor market, labor supply reflects the summation of the individual workers’ labor supply curves. The market labor demand is an aggregation of the individual firms’ labor demand curves. In a competitive labor market the common wage adjusts to equilibrate labor supply and demand. Institutional rigidities such as union contracts, minimum wages, and efficiency wages can result in wages set above market-clearing levels.  Changes in labor demand will affect market-clearing wages, but not necessarily the institutionally-set wages. 

This consensus on the determination of prices in competitive labor markets and output markets in microeconomics is not reflected in the discussion of the short-run aggregate supply curve in macroeconomics in current introductory economics texts.  
"Movement along" versus "Shifts in" the AS Curve

Understanding the distinction between a change in aggregate supply (a shift in the AS curve) and a change in the aggregate quantity supplied (a movement along a given AS curve) is, of course, crucial for comparative static analysis in macroeconomics. The common explanations for the positive slope of the AS curve found in the introductory texts surveyed involve diminishing marginal productivities for labor and the relative inflexibility of factor prices, especially wages. Both explanations can be grounded in microeconomic theory.2 

Most of the introductory texts surveyed are less than precise in differentiating between changes in factor prices due to changes in outputs and factor demands versus changes in factor prices due to shifts in factor supply curves. Often the presentations found in introductory texts hold factor prices constant when the short-run aggregate supply curve is derived.

The underlying rationale, other than simplifying the analysis, is that many factor prices, especially wages, are set by either explicit or implicit contracts in the short run.3 In any case, output prices are usually more flexible than input prices, and if price expectations held by the suppliers of the factors are slower to adjust than output prices, then changes in output and prices will affect profit margins and the incentive to produce. Thus, in addition to the declining marginal products of the variable factors as production increases, profit incentives may account for the upward-sloping AS curve. 


For example, with a general economic expansion there would be increases in the demands for factors. Tighter labor markets would bring higher wages; interest rates would increase with greater demand for credit; and market-clearing prices for raw materials would rise. Upward pressures on factor prices intensify as the economy moves rightward along the AS curve. While increases in factor prices will shift up their short-run cost curves, firms would nevertheless be willing to supply more output as long as the marginal revenues of their outputs rise more than their marginal costs of production, i.e., when the upward shift in their marginal revenue curves with the increase in demand more than compensates for the upward shift in their marginal cost curves with the higher factor prices. 


In sum, increases in some market-clearing factor prices during the course of an economic expansion are consistent with rightward movements along the AS curve. Given that not all factor prices rise as fast as output prices--whether due to excess factor supplies and fixed factor price contracts for the period or a form of money illusion where the suppliers of the factors react more slowly to changes in the aggregate price level than do the demanders of the factors--increases in aggregate demand will be accompanied by increases in real output, employment, some factor prices, and the aggregate price level. The underlying factor supply curves, however, reflect the price expectations held by the suppliers of the factors. If these price expectations change, then factor supply curves would shift, which would shift the AS curve. More care needs to be taken in economic principles texts in explaining the difference between movements along a short-run aggregate supply curve (in response to changes in aggregate demand) and shifts in a short-run aggregate supply curve (in response to changes in the factor supply curves, technology, and government regulations). 
                            Aggregate Demand 


The aggregate demand (AD) curve relates the quantity demanded of real national output to the aggregate price level. Three generally accepted reasons are given for the inverse relationship between the aggregate quantity demanded of real national output and the aggregate price level. The ‘interest rate effect’ considers the impact of a change in the price level on the money market equilibrium, with a higher price level resulting in an excess demand for liquidity, upward pressure on the interest rate, and a decrease in desired interest-sensitive expenditures. The ‘wealth effect’ captures the impact of a change in the aggregate price level on the purchasing power of given nominal wealth. The ‘international competitiveness effect’ reflects the impact of a change in the aggregate price level on net exports, for a given set of nominal exchange rates. The aggregate demand curve is derived holding constant autonomous expenditures on real national output, i.e., those expenditures independent of the price level and real national income. Fiscal policy with changes in government expenditures and tax rates (captured through changes in autonomous expenditures) and monetary policy (with discretionary changes in the nominal money supply) would shift the AD curve.    

                      The Natural Rate of Output

An important concept in the aggregate demand-aggregate supply framework is ‘potential national output’ (or ‘full employment national output’), which may be defined as the level of real national output produced with average rates of frictional and structural unemployment (i.e., consistent with the underlying population growth, labor force participation rates, and skill composition of the labor force) and the normal rate of utilization of the nation's physical capital stock. At the potential rate of national output, Yf, there is no cyclical unemployment. 

The ‘natural rate of output,’ Yn, is the rate of real national output produced when the economy is operating at the ‘natural rate of unemployment,’ or the unemployment rate consistent with general equilibrium in the aggregate labor market. The market-clearing real wage and employment reflect the real factors underlying the labor market: explicitly on the supply-side, the population aged 16 and older and their labor-leisure preferences; and on the demand-side, technology and the physical capital stock. At the natural rate of unemployment, real wage rates remain stable and the price expectations held by the suppliers of labor are accurate. 

The natural rate of output and potential output, while conceptually distinct, are often used interchangeably, both indicating the vertical long-run aggregate supply (LRAS) curve.     

The Long-Run Aggregate Supply Curve 


In macroeconomic analysis, the theoretical difference between the short run and the long run reflects the extent of the adjustments by the suppliers of factors to changes in the aggregate price level. Basically the "long run" is defined as the period of time sufficient for all the adjustments in price expectations held by the suppliers of the factors to take place. In the long run the economy is pulled toward the natural rate of output.  The long-run aggregate supply (LRAS) curve represents the rate of real national output produced when all factor markets have adjusted, so that the expectation of the aggregate price level held by the suppliers of the factors matches the actual price level. The LRAS curve is presented as perfectly price inelastic at the natural rate of output.4


When the economy is producing a rate of output above the natural rate, factor suppliers will tend to underestimate the aggregate price level. Consequently, in an attempt to restore their real returns, the suppliers of these factors will adjust upwards their price expectations, which shifts the factor supply curves and AS curve up (and to the left), reducing real output. Conversely, when the economy is operating below the natural rate of output there would be a downward revision in price expectations. A key question in macroeconomics is how quickly the factor suppliers adjust to changes in the aggregate price level. Are the changes reacted to with a lag--as in the adaptive expectations assumption? Or are the changes in the aggregate price level anticipated--as in the rational expectations assumption? The answer largely determines how "long" the short run lasts. A related issue is the extent to which factor prices are free to adjust to market disequilibria. Downward adjustment in factor prices with excess supplies of the factors may be hindered by institutional constraints and contractual obligations. Over any year, however, many factor contracts will expire, and depending on the current condition of the economy, the factor prices stipulated in new contracts may adjust. 



The utility of the concept of long-run aggregate supply in introductory macroeconomics, however, is questionable. Indeed, the LRAS curve may be confusing to the economic principles students trying to relate microeconomics to macroeconomic analysis. In the microeconomic theory of the firm at least one of the factors of production (usually physical capital) is fixed in the short run and all factors are variable in the long run. In macroeconomics the distinction made between the long run and short run is different. Both the AS and LRAS curves are drawn for given supplies of labor, capital stock, natural resources, and technology. Shifts in the factor supply curves and thus the AS curve with adjustments in price expectations can be adequately captured with reference to the natural rate of output, Yn, rather than to the hypothetical, and never realized, vertical LRAS curve. No general macroeconomic equilibrium will persist unless the economy is operating at the natural rate of output. 

Two specific recommendations are offered for teaching the AD-AS model in macroeconomic principles. Clearly, the degree of consensus found in microeconomics may never be realized in macroeconomics.5 Furthermore, emphases on the material will differ across instructors. Nevertheless, agreement on the basics is important. To this end the following are suggested.

• Microeconomic principles should be taught before macroeconomic principles--by no means a novel recommendation.6 A good microeconomic foundation is very helpful for the macroeconomic analysis of aggregate demand and supply. The theory of firm behavior (including the law of diminishing returns, models of price determination, and the effects of changes in the market prices for the outputs and inputs of the firms) are especially important for understanding the slope of the AS curve and distinguishing between movements along and shifts in an AS curve.  


• Potential national output and the natural rate of output should be retained, but delineated more carefully, as useful concepts in introductory macroeconomics. Potential national output provides a benchmark or reference for comparing the actual rate of real national output produced. The natural rate of output indicates the output for the economy in a macroeconomic equilibrium. In the short run, both demand shocks and supply shocks can account for deviations of actual output from the natural rate of output. The concept of the long-run aggregate supply, as traditionally presented, is not useful, and even counterintuitive. Therefore the LRAS curve should be dropped in the study of the comparative static aggregate demand-aggregate supply model. In macroeconomics, treatment of the long run is better addressed with growth models.  

A simple linear model for aggregate demand and aggregate supply is offered below to address these considerations and to serve as a possible framework for aggregate economic analysis at the principles level. Not only can the model be used to illustrate the difference between demand-pull and cost-push inflation, but to account for observed changes in the aggregate price level and real national output over time. 

In particular, deflation (in terms of an annual decrease in the aggregate price level) has been absent for the U.S. economy for over fifty years. The last year the aggregate price level, (the implicit price deflator for GDP), declined for the U.S. economy was 1949 (and then by only .5%). Even in the severe recession of 2008-09, when the unemployment rate topped 10 percent, the aggregate price level appears not to have declined.7 Such a ‘stylized fact’ of macroeconomics is not well explained by the traditional aggregate demand-aggregate supply model presented in economic principles. 




A Simple Model of Aggregate Demand and Supply 


For simplicity, a linear specification for the aggregate demand (AD) and aggregate supply (AS) schedules is assumed.8 The aggregate demand and aggregate supply schedules are written in terms of the aggregate demand 

price (Pd) and aggregate supply price (Ps) dependent on the level of real national output demanded and supplied, respectively. The complete model will be presented, however, instructors may prefer to begin with the most basic version and then extend the equations during the comparative static analysis.  The equations of the model are:


(1)  Pd = D0·(1+d) – f·Y     


(2)  Ps = S0·(1-s) + β·(P-1 – Pe-1) + h·Y     


(3)  Pd(Y) = Ps(Y)

The key endogenous variables are:  

Pd  = aggregate demand price, i.e., the aggregate price level associated 
      with a given equilibrium quantity of real national output demanded.
Ps  = aggregate supply price, i.e., the aggregate price level associated 
      with a given quantity of real national output produced and supplied.
Y  = real national output and real national income.
The exogenous variables are:

D0 = initial aggregate demand price intercept reflecting desired autonomous 
     expenditures on real national output (D0 > 0).
d = annual growth rate in the aggregate demand price due to desired   

    autonomous expenditures on real national output. 

f = sensitivity of the aggregate demand price to real national output 
    (∂Pd/∂Y = -f < 0).
S0 = initial aggregate supply price intercept for real national output 
    (S0 > 0). 

s = annual growth rate in the aggregate supply price due to supply-side                

    influences, including technological progress, growth in the factors

    of production, and government regulation. 

β = adaptations parameter for unexpected changes in the aggregate price level           

    (β > 0). 

h = sensitivity of the aggregate supply price to real national output 
     (∂Ps/∂Y = h > 0). 

P-1  = actual aggregate price level from the previous year.  
Pe-1 = expected aggregate price level from the previous year.       


Equation (1) states that the aggregate demand price, Pd, is inversely related to the aggregate quantity demanded of real national income and real national output (Y). The inverse relationship reflects the interest rate, wealth, and international competitiveness effects. Here the aggregate demand price is assumed to change with autonomous expenditures on real national output (D0), which, in turn, are assumed to increase at the annual rate of d (percent), due to, for example, population growth and increases in wealth, government expenditures, exports, and the money supply. A negative demand shock, e.g., with a fall in personal wealth or business confidence, would be reflected in a decrease in d, and if severe enough, a negative d.  


Equation (2) states that the aggregate supply price, Ps, is directly related to the quantity of real national output. Due to diminishing returns to labor and rising market-clearing factor prices as real national output increases, the aggregate supply price rises with the production of national output. 
     The term, S0, captures the minimum aggregate supply price at the beginning of the period. Over any period of time, e.g., a year, changes in technology, labor supply, the physical capital stock, and the supply of available natural resources, as well as changes in government regulations, taxes, and the institutional environment, would shift the aggregate supply curve. Here this effect of changes in the real determinants of aggregate supply on the aggregate supply price is captured by the term (1–s), where s, in percent, captures the growth rate in aggregate supply due to these structural factors. Supply-side shocks would be reflected in a change in the parameter s. Negative supply-side shocks, for example, with severe weather or higher import prices from a depreciation of the home currency or exogenous hikes in energy prices, would result in a decline in s, or if severe enough, even a negative s. Favorable supply-side shocks, for example, with accelerated technological progress or heavy immigration of labor, would be reflected in an increase in the value of s.             

     The aggregate supply equation also allows for changes in price expectations. The term β·(P-1 – Pe-1), with β > 0, reflects any adjustment in the current aggregate supply price due to an error in price expectations held by factor suppliers from the previous year. For example, if factors suppliers underestimated the aggregate price level in the previous year, Pe-1 < P-1, then in the current year they would attempt to catch up by demanding higher factor supply prices, which, in turn, would result in a vertical shift up in the AS curve. Note the distinction between shifts in the aggregate supply curve (with changes in S0, s, β, P-1, Pe-1   or h) and movements along the SRAS curve with changes in Y, real national output.9

Equation (3) is the equilibrium condition, which states that macroeconomic equilibrium will be found at the level of real national output (real national income) where the aggregate demand price equals the aggregate supply price. 

   At the beginning of the year, d = 0 and s = 0, before any adjustment due to incorrect price expectations from the previous year, the initial equilibrium level of real national output is: Y0 = [D0 – S0]/[f + h].   

Over a year, however, with d ≠ 0 and s ≠ 0, (usually d > 0, with growth in aggregate demand from increases in D0, and s > 0, with growth in aggregate supply from technological progress, increases in the labor force, and physical capital stock), and incorporating any adjustment for errors in price expectations, β·(P-1 – Pe-1), the new equilibrium level of real national output at the end of the year would be Y1, where: 

Y1 = [D0·(1+d) – S0·(1-s) -  β·(P-1 – Pe-1 )]/(f + h)    

From this general result, specific comparative static experiments can be illustrated.
                      Comparative Static Analysis


In general there are two causes of an increase in the equilibrium aggregate price level: demand-pull inflation and cost-push inflation. With ‘demand-pull’ inflation, increases in aggregate demand (AD) exceed increases in aggregate supply (AS), or, in general: ΔAD > ΔAS > 0. In the case of demand-pull inflation, equilibrium real national output increases. In contrast, with ‘cost-push’ inflation, decreases in aggregate supply dominate decreases in aggregate demand:  ΔAS < ΔAD < 0. Cost-push inflation is accompanied by a fall in equilibrium real national output. 

Below two sets of comparative static experiments based on changes in aggregate demand are highlighted. The analysis builds up from the most basic, commonly found in principles texts, to the more realistic, incorporating additional supply-side considerations. To conclude, a supply-side shock is briefly discussed. 
An Increase in Aggregate Demand    


Consider first an increase in aggregate demand, reflected in rise in the aggregate demand price at any level of real national output, d > 0. The consequence for equilibrium real national output and the aggregate price level depends on the supply response. In this simple model, the supply response consists of the natural growth in the short-run aggregate supply 
(s > 0), with possibly offsetting changes in price expectations (β > 0). The natural growth in aggregate supply would shift the AS curve right over the period. To the extent, however, that labor supply and other suppliers of factors are adjusting to unexpected changes in the aggregate price level from the previous period (β > 0 and say, Pe-1 < P-1), the AS curve shifts left.  

Case 1: Ignoring price expectations, i.e., assuming β = 0, and holding constant aggregate supply (s = 0), then with the growth in aggregate demand (d > 0) we clearly find an increase in the equilibrium levels of real national output and the aggregate price level, consistent with demand-pull inflation in the standard principles example: Y1 = [D0·(1+d) – S0]/(f + h), 

with Y1 > Y0, given d > 0. [In Figure 1 refer to the AD’ and AS curves with the equilibrium Y1 and P1.]  

Case 1a: If we allow for natural growth in aggregate supply (s > 0), then the increase in real national output (ΔY > 0) will be greater and the rise in the aggregate price level would be less. In fact, the net impact on the aggregate price level will depend on the relative increase in aggregate demand versus aggregate supply. Usually we observe an increase in both Y and P, i.e., consistent with demand-pull inflation. 

Y1’ = [D0·(1+d) – S0·(1-s)]/(f + h), with Y1’ > Y1 (given d > 0 and s > 0). 

[In Figure 1 refer to the AD’ and AS’ curves with the equilibrium Y1’ and P1’.] 

 
Case 1b: If we assume adaptive expectations, β > 0, where labor and other factor suppliers don’t recognize current changes in aggregate price level or are unable to change their factor supplies due to fixed contracts for the year, but that in the next year labor and factor suppliers can adjust, at least somewhat, their factor supplies, then the net change in real national output and the aggregate price level over the year depends on:  


· the growth in aggregate demand (with d > 0 resulting in Y increasing 

  and P increasing),    

· the growth in aggregate supply (with s > 0) resulting in Y increasing and P decreasing), and

· the adjustment to the previous period’s price misperception (if Pe-1 < P-1  and with β > 0 resulting in Y decreasing and P increasing).    
The new equilibrium aggregate price level (P1”) would be higher in this case and the rise in the new equilibrium real national output (Y1”) would be less.  Y1” = [D0·(1+d) – S0·(1-s) - β·(P-1 – Pe-1)]/(f + h), with Y0 < Y1 < Y1” < Y1’, given d > 0, s > 0, and P-1 > Pe-1. [In Figure 1 refer to the AD’ and AS” curves with the equilibrium Y1” and P1”.] 

Note if P-1 < Pe-1, then the AS” curve would lie to the right of AS’ and 
Y1” > Y1’. Other possibilities include a larger adjustment in AS due to a greater underestimation of last year’s price level, so that the AS” curve lies to the left of the AS curve, reducing Y1” to below Y1.   

In general, the equilibrium level of real national output at the end of the year, Y1 (or Y1’ or Y1”), would likely differ from the initial equilibrium level, Y0, with an increase in aggregate demand (d > 0). An unusual combination of factors would be required to return the economy to the initial level of real national output--as implied by a conventional LRAS curve.10
A Decrease in Aggregate Demand

In theory a decrease in aggregate demand, ceteris paribus, would result in   a fall in the equilibrium aggregate price level. That is, holding constant the AS curve, a fall in aggregate demand (here d < 0) would also reduce the equilibrium level of real national output. It is not very likely, however, that the AS curve would remain constant over the year. In this model, only under previously correct expectations (Pe-1 = P-1) and no natural growth or decline in aggregate supply (i.e., s = 0), would the AS curve remain constant. Consider the possibilities.


Case 2:  With a fall in aggregate demand (d < 0), the AD curve shifts left and for a given AS curve, Y decreases and P decreases (demand-pull deflation). The aggregate price level did fall during the Great Depression; but deflation, as noted above, has been rare for the U.S. economy since. Here 

Y1 = [D0·(1+d)-S0]/(f + h), with Y1 < Y0 , given d < 0. [In Figure 2 refer to the AD’ and AS curves with the equilibrium Y1 and P1.] 


Case 2a:  The fall in aggregate demand, however, would likely be accompanied by a change in aggregate supply.  If the aggregate supply is increasing (s > 0) then the fall in equilibrium real national output would be offset partially or exactly--or even reversed--and the aggregate price level would decrease even more. An increase in equilibrium real national output during a year in which aggregate demand is declining doesn’t make sense, however, and, as noted, a decline in the aggregate price level over a year is rarely observed. If instead, the aggregate supply is decreasing (s < 0), during the year of declining aggregate demand, (for example, discouraged workers leaving the labor force, businesses not replacing their depreciated physical capital, and failed firms with large economic losses leaving the market), then the decrease in the aggregate supply curve would result in a greater decline in real national output. The decline in the aggregate price level with the decrease in aggregate demand would be offset partially or exactly--or even reversed--by the fall in aggregate supply.
Y1’ = [D0·(1+d)- S0·(1-s)]/(f + h), with Y1’ < Y1 < Y0 , given d < 0 and s < 0.  
Here a partial offset is illustrated. [In Figure 2 refer to the AD’ and AS’ curves with the equilibrium Y1’ and P1’.] 


Case 2b:  Considering price expectations the fall in equilibrium real national output would likely be greater and the aggregate price level may actually increase. That is, if from the previous year because of an underestimate of the aggregate price level, Pe-1 < P-1, ceteris paribus, the aggregate supply curve would shift up and left in this year—even with the (unanticipated) drop in aggregate demand during the year. If, as likely with the recession and declining real national output, the growth rate in the aggregate supply price were negative (s < 0), then the decrease in the aggregate supply curve from the upward adjustment in price expectations, with β·(P-1 – Pe-1) > 0, would be enhanced. The net effect then of the greater decrease in aggregate supply and the decrease in aggregate demand would be a greater decline in real national output but a rise in the aggregate price level (P1” > P0). Here Y1” = [D0·(1+d) – S0·(1-s) - β·(P-1 – Pe-1)]/(f + h), where Y1” < Y1’ < Y1 < Y0 , given d < 0, s < 0, and P-1 > Pe-1. [In Figure 2 refer to the AD’ and AS” curves with the equilibrium Y1” and P1”.]11 
As before, the outcomes depend on the relative magnitudes of the changes: in aggregate demand (d < 0), and aggregate supply (s < 0 and β·(P-1 – Pe-1) > 0).      


Such inflationary recessions have been observed. Since 1960 annual real gross domestic product for the U.S. economy has declined in five years (-.5% in 1974, -.2% in 1975, -.2% in 1980, -1.9% in 1982, and -.2% in 1991). These recessions, however, were accompanied not by deflation but by inflation--and in four out five of the recession years by above-average inflation. The corresponding percentage changes in the implicit price deflator for GDP were 9.0%, 9.5%, 9.1%, 6.1% and 3.5%, respectively. For the aggregate price level not to have declined during these recessions implies that any net declines in aggregate demand over these years were offset by declines in aggregate supply.12 

A Decrease in Aggregate Supply


A fall in aggregate supply, with a leftward shift in the AS curve, reduces the equilibrium level of real national output and increases the aggregate price level, ceteris paribus. In the simple model illustrated here, a fall in aggregate supply could reflect s < 0, with decreases in the supply curves for the factors of production, e.g., declines in the labor supply with heavy emigration or prolonged low fertility, decreases in the physical capital stock with the devastation of war or natural disasters, and decreases in natural resources due to mismanagement, pollution, or again, natural disasters. Also, leftward shifts in the AS curve could reflect: increased taxes or tighter government regulation or, as noted earlier, depreciation in the domestic currency. Ceteris paribus, a fall in aggregate supply would produce stagflation. 

For example, the stagflation of 1974-75 is commonly attributed in large part to sharply higher oil prices induced by the OPEC oil embargo in late 1973. This leftward shift in the AS curve (s < 0) dominated any decline in aggregate demand (e.g., due to increased expenditures on oil imports and declines in consumer and business confidence.) If subsequently price expectations were adjusted upwards, the inflation would build upon itself, especially when aggregate demand recovered.13  





         Conclusion


In macroeconomics, chronological time, e.g., periods of one year, rather than the standard short run-long run distinction based on price expectation adjustments, should be used. Accounting for annual changes in real GDP and the aggregate price level is more intuitive and reflects the actual macroeconomic data collected and reported. Indeed, a trend line for annual values of the implicit price deflator (P) and real gross domestic product (Y) may be useful to present.14

Davis (1996, p.132) argues, “The use of one model to study the effects of technological change, shocks to government spending and investment demand, jumps in oil prices, inflation, and so on allows the student to apply the same basic principles to different problems within the context of one model.” The simple model of aggregate demand and aggregate supply presented above offers such a consistent framework for explaining both rigorously and intuitively the behavior an economy over time. While the specific algebraic formulation of this model need not be adopted, important considerations for teaching macroeconomic principles can be derived. In fact, the algebraic version of the model presented here may be viewed as too rigorous for most introductory economics classes. Nevertheless, as illustrated in the narratives and graphs for the comparative static examples, the gist of the analysis does not require algebraic solutions. Adopting chronological time, incorporating expectations, and allowing for natural change in the short-run aggregate supply curve with technology and changes in factor supplies only requires some additional exposition. The gain in realism warrants the more complicated story.     


In sum, consistency in the development and presentation of the aggregate demand-aggregate supply model is crucial. Logical consistency drawing on the underlying microeconomic fundamentals (e.g., theory of the firm and market adjustment) is important, especially for distinguishing between movements along and shifts in the aggregate supply curve. Empirical consistency in accounting for changes in real national output and the aggregate price level is necessary for credibility. As argued above, the traditional aggregate demand-aggregate supply model typically found in principles texts does not provide a good explanation for the absence of deflation in the U.S. economy over the past half-century. Moreover, the convention of returning to a vertical long run aggregate supply curve in the comparative static illustrations of the AD-AS model does not accord with the annual changes in real national output observed.  As stated by Becker (2000, p.109), “At a minimum, courses in macroeconomics should enable students to have a greater understanding of the economic news as it appears in the Economist, Business Week, and the Wall Street Journal than those without an education in economics.”



Lamenting the lack of economic literacy, not just for the general public, but for college students—even those who have completed courses in economics, Hansen et al (2002) advocate a streamlined course in economic principles focusing on key concepts. Among their specific recommendations is dropping aggregate demand and aggregate supply.15 We can do better in fostering economic literacy in our principles texts and courses, however, not by discarding the essential constructs of aggregate demand and aggregate supply, but by developing and presenting the aggregate analysis more intuitively and consistently.    






     Notes


{1} This is not to imply that the aggregate demand curve is free from debate. For example see: Hansen, McCormick, and Rives (1985), Fields and Hart (1990), and Colander (1995).

{2} The introductory economics texts surveyed are: Baumol and Blinder (2006), Case and Fair (2007), Colander (2006), Frank and Bernanke (2007),  Hall and Lieberman (2005), Hubbard and O’Brien (2006), Krugman and Wells (2006), Mankiw (2007), McConnell and Brue (2008), McEachern (2009), O’Sullivan and Sheffrin (2006), Samuelson and Nordhaus (2005), and Schiller, (2006). 

Using the diminishing marginal productivity of labor to explain an upward-sloping, strictly convex AS curve, of course, is easier if the microeconomics of the firm have been covered. In eleven of these texts, the microeconomics chapters precede the macroeconomics; although instructors always have the flexibility to cover macroeconomics first.  

{3} Treatment of the relative inflexibility of factor prices varies across the thirteen texts surveyed. In the majority of these texts money wages (and, in general, factor or resource prices) are assumed to be held constant along the short-run AS curve—although sometimes with considerable hedging. For example, a widely-used text (McEachern, 2009: 552) clearly states that resource prices are assumed to be held constant along the short run aggregate supply curve; then on the next page allows, “The short run in macroeconomics is a period during which some resource prices remain fixed by contract.” Another leading text (McConnell and Brue, 2008: 192) defines the short run as a “period in which nominal wages (and other resource prices) do not respond to price level changes.” In contrast, Case and Fair (2008: 570) explicitly allow for rising market-clearing input prices as the production of real national output increases, arguing in a footnote that “It is more realistic to assume that wage rates do not fully respond in the short run than it is to assume no response at all.” 


Perhaps the clearest presentation of the aggregate demand-aggregate supply model found in the principles texts surveyed is given by Hubbard and O’Brien (2006). Moreover, their dynamic model is a significant improvement over the standard AD-AS model; although price expectations are not explicitly incorporated and decreases in aggregate supply during a recession induced by a fall in aggregate demand are not adequately addressed. As a result, the absence of annual deflation in the U.S. economy over the past half-century remains unexplained.   

{4} Ten of the thirteen principles texts depict a LRAS curve vertical at potential or full-employment output. One text, Baumol and Blinder (2006) employs a vertical line for potential GDP, but doesn’t graph a LRAS curve. All of the texts explicitly or implicitly note that along this vertical LRAS curve price expectations have fully adjusted to equal the actual price level--consistent with the natural rate of output. 

{5} See, for example, Erekson, Raynold, and Salemi (1996) for a review of the issues in teaching intermediate macroeconomics.

   {6} Salemi (1996) recommends that intermediate microeconomics be a prerequisite for intermediate macroeconomics, citing the importance of understanding constrained optimization, relative prices, optimal uses of capital, and general equilibrium analysis for macroeconomics. The complementary recommendation here that microeconomic principles precede macroeconomic principles reflects the importance of understanding the theory of the firm and the determination of prices in markets.


{7} Estimates of the annual growth rates for real GDP for the U.S. economy for the four quarters from the third quarter of 2008 through the second quarter of 2009 are respectively -2.7%,-5.4%, -6.4%, and -0.7%, yet the corresponding implicit price deflator over these four quarters is estimated to have increased from 109.13 to 109.66 (from Bureau of Economic Analysis, www.bea.gov, December 9, 2009).  


{8} The linear specification for the short-run aggregate supply curve (and the aggregate demand curve) is made for the convenience of solving the system mathematically. In particular, the price elasticity of the AS curve would decline as the production of real national output increases due to diminishing returns to labor and increases in market-clearing factor prices.   
 
{9} A term, α·d·D0, where α is a recognition parameter for changes in aggregate demand, could be added to the AS schedule, giving Ps = S0·(1-s) + α·d·D0 + β·(P-1 – Pe-1) + h·Y. Consistent with the hypothesis of rational expectations, this term would allow for changes in the aggregate supply price due to anticipation by suppliers of factors of the change in aggregate demand. In the current period, e.g., a year, the value of the parameter α can vary between 0 (no recognition of the change in aggregate demand or an inability to change the factor supply price in the period due to fixed contracts) to 1 (a complete recognition of the change in aggregate demand with perfectly flexible factor supply prices giving an ability to respond fully to the change in aggregate demand as with the rational expectations). 

Solow (1997, p. 231), observes, however, “In the short-run part of macroeconomics, the rational expectations hypothesis seems to have little to recommend it. In that context, I suggest that expectations are best handled ad hoc, that is in a common sense way.” Solow’s approach is taken in the simple model presented here. As will be shown, it is especially difficult to reconcile the hypothesis of rational expectations with the observed annual changes in real national output and the aggregate price level—especially when there is a decrease in aggregate demand.

{10} If we assume rational expectations, here α = 1, and also that Pe-1 = 
P-1, (labor and other factor suppliers accurately anticipated the price level in the previous year), then the increase in aggregate demand is recognized during the year, so the shift up and right in the AD curve (with d > 0) is neutralized by a shift up and left in the AS curve (so ΔY = 0), ceteris paribus. To the extent, however, that aggregate supply is increasing (with 
s > 0), the net effect would be an increase in equilibrium real national output (ΔY > 0) and a modification of the increase in the equilibrium aggregate price level (although likely ΔP > 0). In order for the economy to return to Y0, the initial or beginning of the period level of equilibrium real national output (consistent with a traditional vertical long-run aggregate supply curve at Y0), there would have to be complete adjustment to the change in aggregate demand (α = 1), and no correction in the aggregate supply price due to misperceptions from the earlier period, with Pe-1 = P-1, consistent with  rational expectations, as well as no growth in aggregate supply (s = 0) over the period due to technological progress or increases in the labor force, capital stock, or available natural resources. This is possible but not very likely. Just as it takes times for the multiplier process of induced spending from an increase in autonomous expenditures to play out, so too over a year, increases in the labor force, net additions to the physical capital stock, and perhaps increases in the supplies of natural resources and even new technologies would likely be forthcoming. Both demand-side and supply-side factors then would contribute to the increase in equilibrium real national output--contrary to a return to a vertical long-run aggregate supply curve--even if price expectations were to adjust fully to the increase in aggregate demand.

   {11} If assuming rational expectations (α = 1 and  Pe-1 = P-1 ), then the fall in aggregate demand would be matched by an increase in aggregate supply, leaving real national output unchanged and the aggregate price level reduced, ceteris paribus. If the aggregate supply is naturally increasing (s > 0) then real national output would increase, on net, and the aggregate price level would decrease even more. As noted, an increase in equilibrium real national output during a year in which aggregate demand is declining doesn’t make sense. If instead, the aggregate supply is decreasing (s < 0) during the year of declining aggregate demand, then real national output would fall and the decrease in the aggregate price level would be modified, but unlikely reversed. To repeat, annual deflation is not common in the U.S. economy, a stylized fact that is not accounted for under the hypothesis of rational expectations. 


This is not to deny that economic agents attempt to use all the economic information to forecast the price level, as under the rational expectations hypothesis. Rather, a combination of errors in forecasting due to delays in accurate information on the economy being available, institutionally-set prices for some factors, misperceptions, and sluggish adjustment to changes in the aggregate price level mean that the offsetting changes in aggregate supply to changes in aggregate demand envisioned under rational expectations that leave the economy at the natural rate of output are unlikely to prevail in practice. Thus, the assumption for expectations used in the simple model presented here may be more accurate in illustrating the actual changes in real national output and the aggregate price level—particularly at the principles level of instruction.

Moreover, Akerlof (2007) emphasizes the importance of incorporating norms in explaining human behavior, pointing to the observed downward inflexibility in money wages and resistance of customers to increases in product prices as evidence undermining the rational expectations hypothesis. 

{12} Colander (2006: 605-606) notes that a recessionary gap, where the aggregate quantity demanded of real national output is less than potential output, while tending to reduce the aggregate price level in the long run, generally does not result in deflation because before factor costs fall “either the economy picks up on its own or the government introduces policies to expand output.” 

{13} For the 49-year period 1960-2008, the simple correlation coefficient for the inflation rate (measured by the percentage change in the implicit price deflator for GDP) between the current and previous years is .89. In comparison, the simple correlation coefficient between successive years for the growth rate in real GDP is .23. Inflation momentum appears to have been more prevalent than output growth momentum over this period. 


Moreover, for this period of 49 years, the average annual growth rate in real GDP was 3.3%, while the average inflation rate (measured by the percentage change in the implicit price deflator for GDP) was 3.7%. The simple correlation coefficient between the average annual growth rate in real GDP and the average inflation rate is -.34, a result more consistent with cost-push inflation than demand-pull inflation. Data for the U.S. economy are from the Bureau of Economic Analysis, National Income and Product Accounts Tables (www.bea.gov) for December 10, 2009.

{14} Using ordinary least squares and the 49-year period from 1960-2008,

the estimated line is: P = -8.45 + .0091Y , R2 = .96. (The estimated standard
                            (2.23)      (.0003)

errors are in the parentheses below the estimated coefficients.) Not surprisingly, autocorrelation is present: the Durbin-Watson statistic is .076. Using a first order autoregressive estimation gives an estimated trend
line: P = 4.36 + .0073Y.  
(6.08)     (.0006)


Baumol and Blinder (2006: 588) provide a useful plot of the annual aggregate price levels and real GDPs for the U.S. economy for 1972-2004, relating these annual averages to aggregate demand-aggregate supply equilibria. 

{15} In particular, Hansen, Salemi, and Siegfried (2002: 467) argue, “Students are confused by aggregate supply because they must master both short-run and long-run schedules so they can understand why a one-time increase in the money supply can raise output but sustained increases only lead to higher inflation.” 
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