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Introduction

The gross domestic product, or “GDP”, is probably the most studied economic time series for all times.  GDP is defined as the total value of all goods and services produced within that territory during a specified period (or, if not specified, annually, so that "the USA GDP" is the USAs annual product). GDP differs from gross national product (GNP) in excluding inter-country income transfers, in effect attributing to a territory the product generated within it rather than the incomes received in it.  The GDP may be specified as ‘real’ or ‘nominal.’  Whereas nominal GDP refers to the total amount of money spent on GDP, real GDP refers to an effort to correct this number for the effects of inflation in order to estimate the sum of the actual quantity of goods and services making up GDP. The former is sometimes called "money GDP," while the latter is termed "constant-price" or "inflation-corrected" GDP -- or "GDP in base-year prices", where the base year is the reference year of the index used. 
The GDP is an interesting statistic to study for several reasons.  First, it is the single best indicator of the general state of the economy, as well as the underlying trend of the economy, such as whether it is expanding, contracting, recessionary or inflationary.  Additionally, the GDP can be used to forecast trends within sectors of the economy, future employment levels, housing starts (Davis and Heathcote, 2003), corporate profitability (Kim, Miller, and Ozanne, 2003).  Further, the GDP can be used in monetary policy.  If the growth in the GDP is deemed to be inflationary, the money supply can be cut back to reign in inflation, and vice versa.  Policymakers depend heavily on GDP statistics and forecasts to decide which course to take with economic, fiscal and investment policy.

Current literature is quite diverse.  A significant number of the papers reviewed deal with the overall decline in GDP volatility which has been observed since 1984, not only in the US, but throughout the G7 as well (Ramey and Vine, 2005), excluding Japan.  The bulk of the material focuses on statistical issues, such as modeling, cyclical aspects of the GDP, memory within the trend.  One of the main thrusts of the research is identifying the business cycle and its determinants.  The reason for this is if the cyclical aspects of the GDP were able to be fully decomposed and the determinants explained, then those factors that contribute to the inflationary and recessionary cycles of the economy could be mitigated.

Plan

There are two purposes of this paper.  First to discuss some of the relevant issues and literature regarding GDP.   These issues include:

· The decline in GDP volatility

· How GDP fluctuations affect areas of investment, example: housing

· Cyclical aspects of the GDP

Second, quarterly data since 1947 will be analyzed and a model will be developed based upon this data.  The selected model will be discussed and the results that are uncovered from that analysis will be discussed.  An 20 period look-ahead forecast will be generated.  The strengths and weaknesses of the forecast will be discussed as well.  Finally, a few recommendations for further research will be discussed as well.

Discussion: GDP Volatility

The consensus in the literature is that the overall volatility of the GDP declined sharply after 1984.  Kim, Nelson and Piger (2001) had four important findings regarding this volatility:

1. The reduction in aggregate real GDP volatility is seen in the cyclical but not the trend component.

2. The reduction in volatility is not confined to any one sector of the economy.

3. The reduction in volatility is seen in final sales as well as production.

4. The dynamics of inflation display structural breaks in persistence and conditional volatility over a similar time frame as the reduction in volatility on GDP.

Irvine (2004) asserts that the reduction in sales persistence is attributed to two main factors:

1. Improved corporate management – better inventory to sales ratios.

2. Improved monetary policy through interest rates creates stability in sales such as the auto industry or in housing.

This phenomena has been observed throughout the G-7 countries, excluding Japan and for varying periods and at varying levels (Ramey and Vine, 2005).  This is an important shift that remains as the focus of a great deal of research.  It is important to determine if this is truly a permanent change or if it is attributable to:

1. Good luck.

2. Good policy.

3. Structural change.

Discussion: GDP, Housing and the Business Cycle

Davis and Heathcote (2003) studied housing and the business cycle, and worked to develop a multi-sector stochastic growth model designed to help understand the dynamics of residential investment, which was based on the following facts:

1. Different sectors of the economy tend to move together, particularly asset investment such as residential structures and business capital.

2. Residential investment is more than twice as volatile as business investment.

3. Residential investment tends to lead the business cycle while business investment tends to lag.

These three facts present a challenge to modeling and the authors were able to create a calibrated model that accounts for the first two of the three conditions.  

In the end, the analysis of the model that was developed points to two variables that contribute to the volatility of the housing market.  First is the overall variability of the construction sector, which is viewed as being highly volatile in itself.  Second, the low rate of depreciation of housing structures causes increased demand for new structures even in periods of high relative productivity.  The main failing of the model Davis and Heathcote developed is the inability to reproduce the fact that housing development leads the business cycle, which can be represented as corr(RESIt-1, GDPt) > corr(RESIt,GDPt).  The model which best represented the data was not the lagged data, but rather the contemporaneous data, however the lead model does fit the data better than the lag model.  Housing is an important component of the GDP and understanding its behavior is important to being able to accurately forecast GDP behavior in the future.

Discussion: Cyclical Aspects of the GDP

Since close to the beginning of the 20th century, economic statistics, such as GDP, have been collected and analyzed.  The underlying reason for the mountains of research which have been generated in this effort is to understand the business cycle, that is, the cyclical expansion and contraction of the economy.  The purpose and hope of that effort is to be able to predict and mitigate the effects of the business cycle, hopefully managing the economy into sustained, non-inflationary growth.  Currently, economists are forced to rely on real time economic data in order to identify turning points within the economy as they happen, rather than accurately forecast these changes.

Chauvet and Piger (2002) found that the qualities that characterize the turning points from positive/negative deviations from the trend are quite different from each other:

1. Knowledge of which regime (expansion/contraction) the economy is in can affect the quality of the forecast of future economic activity.

2. The relationship between economic variables in expanding economies is different than those in contracting economies.  For example, the relationship between initial claims for unemployment claims and employment growth is stronger in recessions than in expansive periods.

3. Evidence indicates that production output gains during expansion tend to be permanent while negative deviations during recessions tend to be temporary.

These are examples of guideposts which can be used to improve the quality (closeness of fit) of GDP forecasts.  As previously stated, having a better model should lead to better policymaking, which should, in turn, mitigate the positive and negative deviations from the trend, and maintain the proper direction and magnitude of growth in the US GDP.

Analysis

[image: image1.wmf]0

2000

4000

6000

8000

10000

12000

50

55

60

65

70

75

80

85

90

95

00

05

GDP: History (1947.01-2005.01)

Time

GDP History (billions chained 2000 dollars)

[image: image2.wmf]7.0

7.5

8.0

8.5

9.0

9.5

50

55

60

65

70

75

80

85

90

95

00

05

log(GDP): History (1947.01-2005.01)

Time

log(GDP) History (billions chained 2000 dollars)

Quarterly data from 1947:01 to 2005:01 was analyzed for this paper.  The data was provided by the Bureau of Economic Analysis (BEA) website as measured in billions of chained year 2000 dollars.  Below are charted the raw GDP historical data and the log of this data:

Figures 1 and 2: Historical GDP and log (Historical GDP)

Immediately evident from visual inspection of these two figures are two points.  First, the GDP series appears to be an exponential one, evidenced by the near linear nature of the log (GDP).  Second, the reduction in volatility within the GDP series, previously discussed, is especially evident in the log(GDP) data from the mid-1980’s on.  Selection of the best model is the next task.

Analysis: Model Selection
For the given series, initially, the linear, quadratic and log linear models were tested against the data using Eviews 3.1. The AIC results of the regression analysis point to a clear leader: the exponential or log linear model.  The table below summarizes the AIC information from the regression analysis:
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2005:02

9.322

11179.3

11520.9

10847.8

0.8%

2005:03

9.328

11246.4

11724.9

10787.5

0.6%

2005:04

9.335

11333.2

11923.2

10772.5

0.8%

2.2%

2006:01

9.343

11414.9

12111.5

10758.4

0.7%

2006:02

9.349

11485.2

12271.8

10749.1

0.6%

2006:03

9.357

11575.5

12446.5

10765.5

0.8%

2006:04

9.363

11651.7

12605.3

10770.4

0.7%

2.1%

2007:01

9.370

11729.4

12756.5

10785.0

0.7%

2007:02

9.377

11819.1

12920.3

10811.8

0.8%

2007:03

9.384

11893.7

13065.8

10826.7

0.6%

2007:04

9.391

11978.2

13217.1

10855.4

0.7%

2.1%

2008:01

9.398

12064.9

13372.1

10885.5

0.7%

2008:02

9.404

12141.4

13513.0

10909.0

0.6%

2008:03

9.412

12230.4

13665.5

10946.0

0.7%

2008:04

9.418

12314.0

13813.2

10977.5

0.7%

2.1%

2009:01

9.425

12394.7

13954.7

11009.1

0.7%

2009:02

9.432

12485.3

14107.0

11050.0

0.7%

2009:03

9.439

12567.3

14249.9

11083.4

0.7%

2009:04

9.446

12652.9

14394.5

11122.0

0.7%

2.1%

2010:01

9.453

12743.0

14545.0

11164.3

0.7%


Table 1: Linear, Quadratic and Exponential AIC Regression Analysis

This analysis backs up the visual inspection and indicates the exponential model is the model that should be pursued.
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Next, the data was tested for quarterly seasonality.  The regression analysis, for seasonality indicated that seasonality did not play a large role, and should not be pursued in selecting a model.  The AIC results of the regression analysis are listed below:

Table 2: GDP + Seasonality AIC Data

As the table above indicates, adding quarterly seasonality to the analysis does not improve the model fit.  The simple exponential model is slightly better.
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Next, the data was tested to see if the lagged data (Yt-1 or Yt-2) provided any better fit.  As the results below show, the lagged data did not fit as well as the exponential.  The exponential regression could not be performed on the lagged data because the result of some of the Yt - Yt-1 and Yt - Yt-2 are negative.

Table 3: Lagged GDP AIC Data

Analysis: ARMA
The next step was to test to see if the time series had any autoregressive or moving average components to it.  An extensive series of regressions were run against the log(GDP) statistic, since that model had the best AIC results, and the AIC results for each combination of ARMA were tabulated.  The results of this analysis are tabulated below:
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Table 4: ARMA Analysis Results

The data above shows that the log(GDP) ARMA(4,4) data is best fit.  However, the AR (4) regression AIC is very close to the ARMA (4,4) AIC.  Since purely autoregressive models are easier to study and manipulate than models that have a moving average component, and the ‘goodness of fit’ doesn’t seem to be affected by selecting the AR(4) model, the AR(4) model will become the chosen model for this series.  Although the previous regression output indicated that the exponential form was the best fit model, the above analysis demonstrates the AR (4) on the log(GDP) data is the best fit.  The charts below illustrate this:
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Figure 3: Actual, Fitted, Residual for log (GDP) AR (4)

Figure 4: Actual, Fitted, Residual for log (GDP)

Clearly the, as the above charts demonstrate, the AR (4) is a better fit than the log-linear model.

Analysis: 20 Period Ahead Forecast
Using the exponential form, the GDP was forecast 8 periods ahead.  The equation generated by the regression analysis is as follows:

LGDP =13.44674+1.31169*y2(-1)-0.185638*y2(-2)-0.26519*y2(-3)+0.13798*y2(-4)

The graphical representation of this equation, is given in figure 5 below:
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Figure 5: Log (GDP) History and 20 Quarter Forecast

In the log form, the data is not particularly useful, so converting the data back into chained year 2000 dollars (billions), the forecast is as detailed in figure 6 below:
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Figure 6: GDP History and 20 Quarter Forecast

To verify that the model selected is a stable, stationary model, an augmented Dickey-Fuller Unit Root test was run on the fit series generated by the equation above.  The Unit Root Test output below demonstrates that the series is stationary at the 95% confidence level, since the absolute value of the Augmented Dickey-Fuller statistic is greater than the absolute value of the 5% critical value.  This is reflected in the table below:

	ADF Test Statistic
	 3.441087
	    1%   Critical Value*
	-3.4610

	
	
	    5%   Critical Value
	-2.8745

	
	
	    10% Critical Value
	-2.5736

	*MacKinnon critical values for rejection of hypothesis of a unit root.

	
	
	
	
	

	
	
	
	
	

	Augmented Dickey-Fuller Test Equation

	Dependent Variable: D(Y4)

	Method: Least Squares

	Date: 06/22/05   Time: 17:03

	Sample(adjusted): 1949:2 2005:1

	Included observations: 224 after adjusting endpoints

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	Y4(-1)
	0.005593
	0.001625
	3.441087
	0.0007

	D(Y4(-1))
	0.123961
	0.068095
	1.820400
	0.0701

	D(Y4(-2))
	-0.003287
	0.068584
	-0.047927
	0.9618

	D(Y4(-3))
	0.043477
	0.068573
	0.634025
	0.5267

	D(Y4(-4))
	0.041289
	0.068194
	0.605453
	0.5455

	C
	4.616971
	7.825182
	0.590014
	0.5558

	R-squared
	0.126894
	    Mean dependent var
	41.78929

	Adjusted R-squared
	0.106868
	    S.D. dependent var
	55.85354

	S.E. of regression
	52.78475
	    Akaike info criterion
	10.79674

	Sum squared resid
	607398.0
	    Schwarz criterion
	10.88813

	Log likelihood
	-1203.235
	    F-statistic
	6.336655

	Durbin-Watson stat
	1.988570
	    Prob(F-statistic)
	0.000016


Table 5: Unit Root Test

Given these statistics and the very high R2 of the AR (4) regression model, it appears that the AR (4) model is an acceptable model fit for the GDP time series data.

In terms of actual dollars and percentages, the model forecasts that the GDP will experience annualized growth of ~2.2% over the next 20 quarters.  It should be noted, however that included within the upper and lower bounds of the forecast are annualized GDP growth of a maximum of 6.2% or a minimum of 0.1%.  The business implication of this is the economy should be expected to continue to grow over the next five years, with moderate growth.  It implies that recession is not anticipated, however, it is within the realm of the lower bound.  The table below summarizes these results:
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Table 6: Expected GDP Values for 5 Year Forecast

Conclusion

The GDP is among the most studied economic statistics, particularly since the beginning of the 20th century.  Drawing on some of the experience gained through those studies, this paper has attempted to identify some of the trends in current research, highlight the implications of changes in the GDP, and provide a 20 quarter look-ahead forecast of the GDP.  Using the AR (4) form, the time series was modeled and an average annual growth of 2.2% was found to be the expected growth rate with an upper growth rate of 7.8% and a lower overall growth rate of 0.1% growth annualized over the 20 quarter forecast period..  Further investigation and refining of the model should lend more credibility to that forecast as well as shrink the range of possible outcomes, i.e. the range covered by the 95% confidence interval.
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