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The Path of the U.S. Economy


Figure 1 presents U.S. real gross domestic product (GDP) from 1948 to 2023.  In 2023, the size of the U.S. economy, as measured in constant year 2017 dollars, was 22,376.9 billion dollars.   The economy today is about twice the size it was in 1994 and more than nine times what it was in 1948.   




To characterize the path followed by the economy, we fit a first order exponential model to the real GDP data shown in Figure 1.  This is useful because this model captures the path of a variable that is growing at a constant rate.  Letting  denote the level of real GDP in period .  Our variable  starts at zero for the year 1948 and increments by one each year up to 75 for the year 2023.  The first order exponential model we use is

(1)  ,

where  is the value of real GDP for 1948,  is the special exponential number 2.718…, and  is the average growth rate of real GDP over the 1948-2023 time period.   

Linear relationship   

To linearize  , take the natural log

 

 

 

 

 

 

 

 

 






We want to fit our data to this model:

Model:   

To estimate this model, we regress  on .  Doing so, we obtain
	0.016789721

	0.000386456





Estimated Model

                
                    
  
Statistical Significance Criteria
  		      at least 99 percent confidence
   	        at least 95 percent confidence but not 99 percent
   		          at least 90 percent confidence but not 95 percent
                        No *   less than 90 percent confidence



Second Order Exponential Model










Linearized Second Order Exponential Model 



To estimate this model, we regress  on  and .  Doing so, we obtain

,   	
   


U.S. Business Cycles

Forecasting Future U.S. Production Levels





Modeling and Forecasting the Growth Rates of U.S. Production, Employment, and Capital

 

 

 

 

 

This implies

 



Log Difference

 

 

 

 


Second Order Exponential Model




Nth Order Polynomial Model



First Order Polynomial Model

 

We want to model the growth rate of , not the level.  So, our first order polynomial model is

 

If , then .  For us,  for the year 1949.  Consequently,  is our model estimate for the 1948-49 growth rate.  

To estimate this model, we regress  on .  Doing so, we obtain

,  		
         

Dummy Variable Model

 

To estimate this model, we regress  on  and .  Doing so, we obtain

,				 
   

Explaining Economic Growth


 

 is the level of technology.

 is the employment level

 is the capital level 

 the effective labor level employed 






When capital increases by 10%, U.S. output increases by 2.4%. 

Converting the Cobb Douglas production function “in the levels” to a Cobb Douglas production function “in the growth rates.” 
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The time derivative of a natural log is a growth rate. 

 

 

 

 

Estimate this model by regressing  on  and .  Doing so, we obtain

 ,  	
   

Growth Accounting

 

 



	Growth Accounting
	    0.0305 
	0.0180
	    0.0062 
	    0.0063 

	
	
	100%
	59%
	20%
	21%





Elasticities

Elasticity of output with respect to capital input:   

Set ,   then    reduces to .  Therefore, we find  


Set ,   then    reduces to .  Therefore, we find  

Model with Variable Technical Change

We want to replace  in our equation  , where we model the level of technology  using the second order exponential model .

In a footnote

 

 

 

 

  

 

Therefore 

 

 

 

 


Estimate this Cobb Douglas model with variable technical change by regressing  on , , and .

 

Estimated model

 

This estimated model indicates the growth rate of U.S. technical change is given by[footnoteRef:1]        [1:  Using , we find , which implies , which implies , which implies 



] 


 

(Describe the new figure with technological improvement and note that the rate is decreasing.)

(Describe how you obtain your forecasts and discuss what you learn.) 


Using Economic Theory to Refine the Structural Model

Profit function  with production function  implies

 

To maximize profit, employers optimally choose the labor level .    If there is a maximum profit level, then the derivative .

Taking that derivative

 

 

 

 


 

 at the optimum

 

 

 

 

An exponent rule 



 


 



 

Since  we know 

 

Therefore

 

Since we find  


So our model   becomes



We can rewrite this as 



Estimate this model by regressing   on  and 
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U.S. Real Gross Domestic Product
1948-2023

Y	1948	1949	1950	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2274.6	2261.9	2458.5	2656.3	2764.8	2894.4	2877.7	3083	3148.8	3215.1	3191.2	3412.4	3500.3	3590.1	3810.1	3976.1	4205.3	4478.6000000000004	4773.8999999999996	4904.8999999999996	5145.8999999999996	5306.6	5316.4	5491.4	5780	6106.4	6073.4	6060.9	6387.4	6682.8	7052.7	7276	7257.3	7441.5	7307.3	7642.3	8195.2999999999993	8537	8832.6	9137.7000000000007	9519.4	9869	10055.1	10044.200000000001	10398	10684.2	11114.6	11413	11843.6	12370.3	12924.9	13543.8	14096	14230.7	14472.7	14877.3	15449.8	15988	16433.099999999999	16762.400000000001	16781.5	16349.1	16789.8	17052.400000000001	17442.8	17812.2	18261.7	18799.599999999999	19141.7	19612.099999999999	20193.900000000001	20692.099999999999	20234.099999999999	21407.7	21822	22376.9	


Figure 4
U.S. Real Gross Domestic Product
Actual, Models, and Forecasts
1948-2043
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