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1. 
Introduction

This paper will examine the monetary policy of the Federal Reserve System, informally called ‘The Fed’, of the United States. De Federal Reserve is the central banking system in de US. The banking system is composed of a central Board of Governors in Washington D.C. The current Chairman of the Board is Ben Bernanke, recently appointed as the successor of long-time Chairman Alan Greenspan. Twelve regional Federal Reserve Banks located in major cities in the county and various other banks and entities make up the rest of the Federal Reserve System.
The central goal in this paper is to analyse whether the Taylor rule approach is a good estimation of the monetary policy practiced in the past and in particular the interest rates. 

The paper will start with an analysis of the monetary policy that the Federal Reserve has and the instruments and tools it has at hand. This will be followed by an evaluation of the current economic situation and the developments in the past five years. The paper will continue with a statistical analysis by first explaining the Taylor rule and it’s relevance for evaluating the monetary policy in the US, followed by listing the variables and data which will be used. Hereafter, the descriptive statistics and the empirical results will be reported. The results will be examined on their robustness before finally drawing a conclusion.

2. 
Monetary Policy
The monetary policy of the Federal Reserve is exercised by the Federal Open Market Committee (FOMC). The Board of Governors of the Federal Reserve System, consisting of seven persons, and five representatives from the regional banks make up the FOMC. The five representatives contain the president of the Federal Reserve Bank of New York and four presidents of the remaining regional Federal Reserve Banks on a one-year rotation basis. The four positions are filled by picking one president out of all four groups. The groups are as follows: Boston, Philadelphia and Richmond; Cleveland and Chicago; Atlanta, St. Louis and Dallas; Minneapolis, Kansas City and San Francisco. The FOMC meets eight times a year to evaluate the economic situation, the possible change in monetary policy and the risks to its long-term goals (Board of Governors of the Federal Reserve System, 2005).
By using its instruments and tools, the central bank can change the availability and cost of money. We will start with the elaboration on the instruments.

2.1
Instruments and tools of the Federal Reserve

The ‘Fed’ has three instruments it can use to control the supply and demand of money. By influencing these factors the central bank tries to achieve the national economic goals. The three instruments at the Federal Reserve’s disposal are open market operations, the discount rate and the reserve requirements. The Board of Governors is responsible for the discount rate and the reserve requirements while the FOMC is responsible for the open market operations. By using these instruments the Federal Reserve alters the balances that depository institutions hold with at the Federal Reserve. This will result in a change of the federal funds rate, the interest rate that financial institutions charge each other when one bank (with an excess reserve at the central bank) lends overnight funds to another bank (with a deficit of reserves at the central bank) to meet its minimum required reserve ratio. A change in the federal funds rate will affect numerous other rates and economic variables. The three instruments will individually be discussed now (Board of Governors of the Federal Reserve System, 2005).

Open market operations are purchases and sales of United States Treasury and federal agency securities. This is the main tool of the Federal Reserve to conduct its monetary policy. By using open market operations the Federal Reserve can achieve desired short term goals like a desired quantity of reserves or price, which is measured by the federal funds rate.
The discount rate is the interest rate that the Federal Reserve charges to financial and depository institutions like banks if they want to lend money directly from the regional central bank. The ‘Fed’ offers three so called ‘discount windows’: primary credit, secondary credit and seasonal credit. Every discount window program has its own interest rate. 

Primary credit, the main discount window for the Federal Reserve, is for very short term, often overnight, loans to depository institutions. Secondary credit is for liquidity needs on a less short-term base than primary credit. Seasonal credit is generally offered to smaller institutions that have recurring fluctuations in needs for funds (Board of Governors of the Federal Reserve System, 2005). 

The interest rate on primary credit is set above the short term market interest rate. The secondary credit rate is above the primary credit rate, while the seasonal credit rate is an average of selected market rates. The three rates are identical across the United States, except for days around a change in rates. The rates are listed in table 1.
	Table 1: Discount window as of June 2006

	Current Interest Rates

	Primary Credit
	6.00%

	Secondary Credit
	6.50%

	Seasonal Credit
	5.05%

	Fed Funds Target
	5.00%

	Source: Federal Reserve Discount window (2006)


In the bottom row, the Federal Reserve’s federal funds rate target is mentioned. This is one of the targets of the ‘Fed’ and will be discussed in the next section.

Reserve requirements are the amount of money that financial and depository institutions need to hold in reserve. The amount of funds is determined by the amount of liabilities. The reserves are hold in cash inside the bank or in the form of deposits at the regional Federal Reserve. The liabilities that have to be taken into account consist of net transaction accounts, nonpersonal time deposits and Eurocurrency liabilities. Only net transaction accounts have a required reserve ratio, however, the first few millions are exempted from holding reserves. The structure of exemption is being evaluated and, if necessary, changed every year. Table 2 lists the required reserve ratios for all components (Board of Governors of the Federal Reserve System, 2005). 

	Table 2: Reserve requirements as of June 2006
	 

	Type of liability
	Requirement

	
	Percentage of liabilities
	Effective date

	Net transaction accounts
	 
	 

	     $0 to $7.8 million 
	0%
	12-22-05

	     More than $7.8 million to $48.3 million
	3%
	12-22-05

	     More than $48.3 million
	10%
	12-22-05

	Nonpersonal time deposits
	0%
	12-27-90

	Eurocurrency liabilities
	0%
	12-27-90

	Source: Federal Reserve System (2006)
	 
	 


2.2
The targets of the Federal Reserve

The Federal Reserve System tries to achieve certain ultimate and intermediate goals. The ‘Fed’ acts in the interest of society. The Federal Reserve mentions the following about its targets:

“The Federal Reserve sets the nation’s monetary policy to promote the objectives of maximum employment, stable prices, and moderate long-term interest rates. The challenge for policy makers is that tensions among the goals can arise in the short run and that information about the economy becomes available only with a lag and may be imperfect.” (Board of Governors of the Federal Reserve System, 2005, pp 15)

This implies that the ultimate targets of the Federal Reserve are maximum employment, the price level (inflation) and long-term interest rates. A stable price level will contribute to a sustainable output growth. A low level of inflation will also encourage households to save and firms to invest because their money does not loose much value. Price stability and employment are two conflicting goals. To bring down inflation, the Federal Reserve has to give up employment. The Federal Reserve has to make a choice in giving weight to employment and price stability. Inflation expectations can make the decision process more difficult. When increasing inflation expectations are built into the wage and price decisions, it will make it more difficult to bring down inflation without giving up much employment.
Since the Federal Reserve, compared with de ECB or the Bank of Japan, lacks a clear formulation of its monetary targets, it is hard to distinguish between intermediate and operating targets (Bofinger, 2001). The federal funds rate (see Table 1) is the operating target, which is actually a directly controllable variable (Board of Governors of the Federal Reserve System, 2005). The target is currently set at 5%.

The intermediate target is harder to define because there is no agreement on what constitutes the appropriate target. The Federal Reserve Bank of St. Louis (1982), one of the twelve members of the Federal Reserve System, defined two criteria for a proper intermediate target in the early 1980s. The intermediate target had to be causally prior to the ultimate goal of monetary policy and reasonably controllable by the Federal Reserve. The money aggregate M1 satisfied both criteria and could be considered as the intermediate target of the Federal Reserve (Federal Reserve Bank of St. Louis, 1982). The 1980s were characterized by large fluctuations in money and economic activity. At some point the fluctuations in money did not longer represent information about future movements of inflation or output. After these years the interest rate became the intermediate target for monetary policy but was dropped at some point in time. The Federal Reserve has since left the intermediate target unknown or vague (Friedman, 2000).
2.3 History of the Federal Reserve and monetary policy
Between the 1950s and early 1980s Milton Friedman’s monetarism influenced the Federal Reserve’s monetary policy and caused much criticism among monetarists. They argued that the ‘Fed’ had to stop setting the interest rates and instead should target growth in monetary quantity, which included M1, M2 and M3. The Federal Reserve’s money stock growth targets were reconsidered every half year. This practice was also adopted around the world by then. After the 1980s the monetary policy changed because of new institutional arrangements. The velocities of the M1, M2 and M3 components became more variable and uncertain. The definition of the M’s could not keep up with the creation of new money substitutes (Tobin, 1999). The central bank moved to a monetary policy of dedication to price stability, not low inflation. In the mid 1980s the interest rate as operating target was readopted because of high unemployment. The unemployment was reduced in the following year while the inflation also declined. Since the appointment of Alan Greenspan in 1987, the ‘Fed’ followed a balanced and pragmatic policy. While employment and price stability were the ultimate targets in the previous years, the reduction of the gap between actual and potential GDP was added as a third target (Tobin, 1999).
3.
Economic situation
In this section the current and past economic situation of the United States will be discussed with the use of leading economic indicators.
Production is the first important economic indicator of the performance of the economy. The total industrial production has experienced growth from February to April 2006. There is also significant growth in April 2006 compared to the year before (Table 3). The first quarter of 2006 has better growth numbers than the year before and equals the Q1 growth of 2000, where the annual growth amounted to a six year high 4.3%.
	Table 3. Total Industrial Production 2000-2006 (percent change)

	Year
	Jan.
	Feb.
	Mar.
	Apr.
	May
	June
	July
	Aug.
	Sept.
	Oct.
	Nov.
	Dec.
	Q1
	Q2
	Q3
	Q4
	Annual

	2000
	  0.2 
	  0.4 
	  0.4 
	  0.7 
	  0.3 
	  0.1 
	 0.3-
	   0.3-
	   0.4 
	 0.3-
	   -   
	 0.4-
	    5.4 
	    5.2 
	   0.9-
	    1.3 
	       4.3 

	2001
	 0.8-
	 0.7-
	 0.3-
	 0.1-
	 0.8-
	  0.5-
	 0.4-
	   0.3-
	  0.4-
	 0.5-
	 0.4-
	   -   
	   6.6-
	   4.9-
	   5.1-
	   4.5-
	      3.5-

	2002
	  0.6 
	 0.1-
	  0.9 
	  0.4 
	  0.4 
	  0.9 
	 0.3-
	    0.1 
	    -   
	 0.4-
	  0.3 
	 0.5-
	    2.9 
	    6.1 
	    1.7 
	   1.6-
	       0.1 

	2003
	  0.5 
	   -   
	 0.2-
	 0.8-
	 0.1-
	  0.3 
	  0.5 
	    0.1 
	   0.7 
	  0.1 
	  0.9 
	  0.2 
	    0.8 
	   3.3-
	    3.6 
	    5.1 
	       0.6 

	2004
	  0.4 
	  0.8 
	 0.3-
	  0.8 
	  0.9 
	  0.6-
	  0.6 
	    0.3 
	  0.2-
	  0.7 
	  0.2 
	  0.7 
	    5.3 
	    5.2 
	    2.6 
	    4.2 
	       4.1 

	2005
	  0.2 
	  0.4 
	   -   
	 0.1-
	  0.2 
	  0.8 
	   -   
	    0.3 
	  1.3-
	  1.1 
	  0.9 
	  1.0 
	    3.8 
	    1.6 
	    1.4 
	    5.3 
	       3.3 

	2006
	 0.1-
	  0.4 
	  0.6 
	  0.8 
	 
	 
	 
	 
	 
	 
	 
	 
	    5.4 
	 
	 
	 
	 

	Source: Federal Reserve System (2006), 16th May release, G.17 (419)


The second important indicator of economic performance is the capital utilization. This is the amount of capital that is utilized for production. If there is more demand for goods, production increases and so does capital utilization. Table 4 indicates that the total industry has seen an increase in capital utilization between January and April this year. Compared to April last year, the utilization is 2.2 percent points higher. For the first time in five years, Q1 growth is above 80%.
	Table 4. Total Capacity Utilization 2000-2006 (percent change)

	Year
	Jan.
	Feb.
	Mar.
	Apr.
	May
	June
	July
	Aug.
	Sept.
	Oct.
	Nov.
	Dec.
	Q1
	Q2
	Q3
	Q4
	Annual

	2000
	82.5
	82.5
	82.5
	82.7
	82.7
	82.5
	82
	81.4
	81.5
	80.9
	80.7
	80.1
	82.5
	82.6
	81.6
	80.6
	81.8

	2001
	79.2
	78.4
	77.9
	77.6
	76.9
	76.3
	75.9
	75.4
	75
	74.5
	74
	73.9
	78.5
	76.9
	75.4
	74.2
	76.3

	2002
	74.3
	74.1
	74.7
	74.9
	75.2
	75.8
	75.6
	75.6
	75.6
	75.3
	75.5
	75.2
	74.4
	75.3
	75.6
	75.3
	75.1

	2003
	75.5
	75.6
	75.4
	74.9
	74.9
	75.1
	75.4
	75.5
	76
	76.1
	76.8
	76.9
	75.5
	74.9
	75.6
	76.6
	75.7

	2004
	77.2
	77.8
	77.6
	78.1
	78.8
	78.4
	78.8
	79
	78.7
	79.2
	79.3
	79.7
	77.5
	78.4
	78.8
	79.4
	78.6

	2005
	79.8
	80
	79.9
	79.7
	79.8
	80.3
	80.2
	80.3
	79.1
	79.9
	80.5
	81.1
	79.9
	79.9
	79.8
	80.5
	80

	2006
	80.9
	81.1
	81.4
	81.9
	     
	     
	     
	     
	     
	     
	     
	     
	81.2
	     
	     
	     
	     

	Source: Federal Reserve System (2006), 16th May release, G.17 (419)


The third indicator of economic performance is unemployment. The current unemployment rate is 4.6% as indicated in table 5. Compared to the same month last year, the unemployment rate declined 0.5 percent points. The unemployment rate is also lower than the 2005 average of 5.06%. Compared to the previous six years, the current unemployment level is heading towards the 2000/2001 level. After the 9/11 terrorist attacks, unemployment rose sharply.
	Table 5. Unemployment rates 2000-2006

	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Annual

	2000
	4
	4.1
	4
	3.8
	4
	4
	4
	4.1
	3.9
	3.9
	3.9
	3.9
	     3.97 

	2001
	4.2
	4.2
	4.3
	4.4
	4.3
	4.5
	4.6
	4.9
	5
	5.3
	5.5
	5.7
	     4.74 

	2002
	5.7
	5.7
	5.7
	5.9
	5.8
	5.8
	5.8
	5.7
	5.7
	5.7
	5.9
	6
	     5.78 

	2003
	5.8
	5.9
	5.9
	6
	6.1
	6.3
	6.2
	6.1
	6.1
	6
	5.9
	5.7
	     6.00 

	2004
	5.7
	5.6
	5.7
	5.5
	5.6
	5.6
	5.5
	5.4
	5.4
	5.4
	5.4
	5.4
	     5.52 

	2005
	5.2
	5.4
	5.1
	5.1
	5.1
	5
	5
	4.9
	5.1
	4.9
	5
	4.9
	     5.06 

	2006
	4.7
	4.8
	4.7
	4.7
	4.6
	 
	 
	 
	 
	 
	 
	 
	 

	Source: U.S. Bureau of Labor Statistics, Current population survey


Two important indicators of the economic situation are inflation and the Consumer Price Index Urban (CPI-U). High inflation is undesirable because it will result in economic instability and a decline in employment. Table 6 lists the inflation of the last six years. If the inflation continues its current path, it will likely result in the fourth consecutive year of growth in average annual inflation. This puts pressure on the Federal Reserve to pull the break. Inflation is declining this year but compared to the same months in 2005, there is an increase.
	Table 6. Inflation 2000-2006

	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Average

	2000
	2.74%
	3.22%
	3.76%
	3.07%
	3.19%
	3.73%
	3.66%
	3.41%
	3.45%
	3.45%
	3.45%
	3.39%
	3.38%

	2001
	3.73%
	3.53%
	2.92%
	3.27%
	3.62%
	3.25%
	2.72%
	2.72%
	2.65%
	2.13%
	1.90%
	1.55%
	2.83%

	2002
	1.14%
	1.14%
	1.48%
	1.64%
	1.18%
	1.07%
	1.46%
	1.80%
	1.51%
	2.03%
	2.20%
	2.38%
	1.59%

	2003
	2.60%
	2.98%
	3.02%
	2.22%
	2.06%
	2.11%
	2.11%
	2.16%
	2.32%
	2.04%
	1.77%
	1.88%
	2.27%

	2004
	1.93%
	1.69%
	1.74%
	2.29%
	3.05%
	3.27%
	2.99%
	2.65%
	2.54%
	3.19%
	3.52%
	3.26%
	2.68%

	2005
	2.97%
	3.01%
	3.15%
	3.51%
	2.80%
	2.53%
	3.17%
	3.64%
	4.69%
	4.35%
	3.46%
	3.42%
	3.39%

	2006
	3.99%
	3.60%
	3.36%
	3.55%
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Source: U.S. Bureau of Labor Statistics (2006)


The Consumer Price Index for Urban consumers (CPI-U) is a second indicator of price stability, one of the ultimate goals of the Federal Reserve’s monetary policy. The CPI-U is always increasing because it is measured from a base year and there is no deflation (Table 7). The CPI-U gives a relatively similar view as the inflation numbers. The last column, the percentage increase of CPI-U compared to last year’s average, is fairly consistent with the annual inflation numbers in table 6.
	Table 7. Consumer Price Index Urban CPI-U 2000-2006 (1984 = 100, base year)
	 

	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Average
	Increase

	2000
	168.8
	169.8
	171.2
	171.3
	171.5
	172.4
	172.8
	172.8
	173.7
	174
	174.1
	174
	172.2
	3.25%

	2001
	175.1
	175.8
	176.2
	176.9
	177.7
	178
	177.5
	177.5
	178.3
	177.7
	177.4
	176.7
	177.07
	2.75%

	2002
	177.1
	177.8
	178.8
	179.8
	179.8
	179.9
	180.1
	180.7
	181
	181.3
	181.3
	180.9
	179.88
	1.56%

	2003
	181.7
	183.1
	184.2
	183.8
	183.5
	183.7
	183.9
	184.6
	185.2
	185
	184.5
	184.3
	183.96
	2.22%

	2004
	185.2
	186.2
	187.4
	188
	189.1
	189.7
	189.4
	189.5
	189.9
	190.9
	191
	190.3
	188.9
	2.62%

	2005
	190.7
	191.8
	193.3
	194.6
	194.4
	194.5
	195.4
	196.4
	198.8
	199.2
	197.6
	196.8
	195.3
	3.28%

	2006
	198.3
	198.7
	199.8
	201.5
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Source: U.S. Bureau of Labor Statistics (2006)


The final leading indicator of economic performance is Gross Domestic Product (GDP) growth. Table 8 shows that after a steep decline in GDP growth in the fourth quarter of 2005, the U.S. economy has significantly increased its GDP growth to 5.3% in the first quarter of this year, reaching a two year high. In the past five years the US economy has experienced some periods with a decline in GDP between mid 2000 en the end of 2001. Except for Q4 in 2005, the real GDP growth has not been below 3% since Q1 2003.
	Table 8. Quarterly Real GDP Growth 2000-2006

	Year
	   2000   
	   2001   
	   2002   
	   2003   
	   2004   
	   2005   
	   2006   

	Quarter
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1

	GDP
	1.0
	6.4
	-0.5
	2.1
	-0.5
	1.2
	-1.4
	1.6
	2.7
	2.2
	2.4
	0.2
	1.7
	3.7
	7.2
	3.6
	4.3
	3.5
	4.0
	3.3
	3.8
	3.3
	4.1
	1.7
	5.3

	Source: U.S. Bureau of Economic Analysis (2006)


4.
Methodology of the Taylor rule

This section will briefly discuss the use and relevance of the Taylor rule in analyzing monetary policy. The Taylor rule takes the nominal interest rate, or the federal funds rate in this case, as the tool to control money supply and demand. The model should give the Federal Reserve a fair insight on how it should respond by changing the federal funds rate to shifts of the inflation rate away from desired inflation and real GDP away from potential GDP.
The model, by Stanford economist John Taylor, is defined as follows:
it = i* +  b((t  - (*) + c(y – y*)
In this model, i is the nominal interest rate and i* the desired nominal interest rate. ( is the inflation and (* the desired inflation. y is the log of output and y* the trend or equilibrium level of output. 
Because the Federal Reserve does not indicate a clear inflation target, the following model will be used:

it = i* +  b((t ) + c(y – y*)
where the absence of (* will be captured by the constant a.

The interest rate depends on the inflation rate relative to the target inflation. When the inflation rate exceeds the target, the interest rate has to increase. On the other hand, when the inflation rate is below the desired level, the interest rate has to decrease. Because b > 1, the nominal interest rate increases more than inflation and will bring down aggregate demand. Inflation will return back to the target level. 
The interest rate also depends on the output gap, which is y – y*. Policymakers only want to stabilize output instead of increasing output above the sustainable level. Since c > 0, interest rates will increase when output exceeds the equilibrium level. 

5.
Data and sources

This section will describe the data that will be used for the estimation of the Taylor rule. The variables and sources for the data will be described. 
Table 9 summarizes all the variables that will be used as well as their source. The second and third lags have the same sources as their original variable.
	Table 9: List of variables
	 

	Name
	Variable
	Description
	Source

	ffr
	it 
	The nominal interest rate or the federal funds rate (i)
	IMF

	ffr_1
	it - 1
	The federal funds rate with a one quarter lag
	IMF

	infl
	t  
	The inflation rate (
	IMF

	infl_1
	t - 1
	The lagged inflation rate (t
	IMF

	ygap
	y - y*
	The output gap (y - y*) 
	St. Louis Fed, CBO

	ygap_1
	y - y* t - 1
	The output gap (y - y*) with a one quarter lag
	St. Louis Fed, CBO

	date
	 
	The quarter of a year
	 

	Source: International Monetary Fund (IMF), Federal Reserve of St. Louis (FRED2 database) and Congressional Budget Office (CBO)


The paper contains quarterly data for a period from 1964 to 2006. The first quarter is 1964q1 and the final and most recent quarter is 2006q1. Data has been collected for a large period but likely not every quarter will be used.
6.
Descriptive Statistics
This section gives a brief description and graphical presentation of the data that will be used. Table 10 summarizes the number of observations, mean, standard error and range for all variables. 
	Table 10: Descriptive Statistics

	Variable
	Notation
	N
	Mean
	Median
	SD
	Range

	 
	 
	 
	
	 
	 
	Minimum
	Maximum

	Inflation
	t  
	169
	4.542544
	3.53
	2.910119
	1.13
	14.45

	Output gap
	y - y*
	169
	-0.366568
	-0.55
	2.554577
	-8.01
	6.18

	Federal Funds Rate
	it
	169
	6.426272
	5.64
	3.292273
	1.00
	17.78

	Federal Funds Rate (t-1)
	it - 1
	168
	6.437976
	5.66
	3.298588
	1.00
	17.78

	Inflation (t-1)
	t - 1
	168
	4.547857
	3.525
	2.917997
	1.13
	14.45

	Output gap (t-1)
	y - y* t - 1
	168
	-0.363631
	-0.475
	2.561928
	-8.01
	6.18

	Federal Funds Rate (t-2)
	it - 2
	167
	6.452695
	5.68
	3.30297
	1.00
	17.78

	Federal Funds Rate (t-3)
	it - 3
	166
	6.470723
	5.7
	3.304712
	1.00
	17.78

	Inflation (t-2)
	t - 2
	167
	4.552695
	3.52
	2.926097
	1.13
	14.45

	Inflation (t-3)
	t - 3
	166
	4.557048
	3.515
	2.934408
	1.13
	14.45

	Output gap (t-2)
	y - y* t - 2
	167
	-0.3576647
	-0.4
	2.568462
	-8.01
	6.18

	Output gap (t-3)
	y - y* t - 3
	166
	-0.3537349
	-0.4
	2.568462
	-8.01
	6.18

	Date (quarter)
	t
	169
	 
	
	 
	1964q1
	2006q1

	Source: Own Stata output


Table 11 (see appendix) provides an overview of the correlation between the most important variables in the Taylor rule. It also includes the correlation for the lagged variables. The correlation between the federal funds rate and the lagged federal funds rate is close to 1. 

Figure 1 gives a graphical presentation of the main variables through time. When the inflation rate is high, the federal funds rate rises in the next period. Especially in the 1970s and 1980s, when the federal funds rate was high, the output gap was negative.
Figure 1: Federal Funds Rate, Inflation and Output Gap (1964-2006)
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Between 1964 and 2006 some recessions have occurred in the US economy. A recession is a period wherein there are two or more consecutive quarters of decline in real GDP. Figure 2 shows the effective federal funds rate between 1964 and 2006 but more importantly shows the related recession periods as grey bars. The difference in peaks between figure 1 and 2 results from the fact that figure 1 does not take account of daily or monthly shocks in the FFR.
Figure 2: Recession and the effective federal funds rate (1964- 2006)
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Source: Federal Reserve of St. Louis (2006), Fred2 database.
7.
Empirical results
The data will be analyzed through OLS estimation in Stata. The first findings have been summarized in table 12 in the appendix. The estimates of the first model are shown below:

(1) 



it = i* + β1 ((t ) + β2 (y – y*) + ut
it = 2.661 +  0.830 ((t ) + 0.008 (y – y*)

 
(0.322)
    (0.072)
  (0.082)

n = 169, R2 = 0.534

This model is very simplistic and not a good estimation of reality. The constant and inflation parameter are significant but the output gap is not (t = 0.10). The model suffers from first order positive autocorrelation because the Durbin-Watson statistic is 0.188, which is smaller than the critical value 1.634 at the 5% level (k=2, N=169). This can be corrected by adding a new variable despite the fact that the ρ is larger than 0.8. 

The standard robust errors have been used to correct for heteroskedasticity since the White test indicated a p-value of 0.00 (Table 12), whereby the H0 hypotheses of homoskedasticity can be rejected. Besides the White test, a pattern can be recognized when the predicted residuals and y-values are graphed (Figure 3) against each other, indicating heteroskedasticity.
Figure 3: Detecting of heteroskedasticity.
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Source: Own Stata output.
The first model does not suffer from multicollinearity since the variance inflation factor (VIF) is 1.05, which is below the critical value of 10.
The model can be extended by adding a lagged federal funds rate variable, which solves the serial correlation. This procedure is called smoothing. It is generally agreed that the lagged FFR is an important variable which should be taken in to account. This will result in a more sluggish response of the FFR to economic shocks and this might interest the Federal Reserve. The first reason is that it will refrain the policymaker from exercising aggressive interest rate movements. Second, the inertial movements in the interest rate are helpful when there are uncertainties about the macroeconomic model and its parameters (English, Nelson & Sack, 2002). The estimates for the second model with the lagged variable are shown below:

(2) 



it = i* + β1 ((t ) + β2 (y – y*) + β3 (it – 1) + ut
it = 0.160 +  0.126 ((t ) + 0.127 (y – y*) + 0.894 (it – 1)
            (0.181)    (0.068)
  (0.030)
     (0.045)

n = 168, R2 = 0.919

In this model, the constant is insignificant and the inflation variable becomes insignificant at the 5% after using robust standard errors since the model exhibits heteroskedasticity. In principal, this model does not suffer from first order autocorrelation since the Durbin-Watson statistic is 1.656, which is between the lower limit of 1.613 and the upper limit of 1.736 (k=3, N=168, α=0.05). Also, the VIF-value of 1.73 indicates no presence of multicollinearity.
This model can be further extended by adding a lagged inflation variable. The reason for this is that possible inflation data is known at least a quarter later than the actual occurrence. This causes a lag in decision making. The model third will look al following:

(3)


it = i* + β1 ((t ) + β2 (y – y*) + β3 (it – 1) + β4 ((t – 1) + ut
it = 0.168 + 0.435 ((t ) + 0.084 (y – y*) + 0.910 (it – 1) + -0.336 ((t – 1)
(0.184)
   (0.144)
(0.027)

    (0.046)  
    (0.164)

n = 168, R2 = 0.922
The results have been summarized in table 12 in the appendix together with the corresponding R2 and adjusted R2. This model exhibits no first order autocorrelation since the Durbin-Watson statistic of 1.699 is between the lower limit of 1.592 and the upper limit 1.758 (k=4, N=168, α=0.05). Because the p-value for the White test for heteroskedasticity was 0.00, the robust standard errors have been used. In this case, the VIF-value is 14.02, which is higher than the critical value 10. However, multicollinearity is present in nearly every econometric model and therefore we can accept a higher critical value. If the VIF-value exceeds 50, it will have serious consequences for the unbiasedness of the estimators and will demand changes in the model. Fortunately, this is not the case here.
When the policy makers are setting the federal funds rate they also look at the data for the output gap from the previous quarter. The lagged output gap can be added and that will result in the fourth model:
(4)

it = i* + β1 ((t ) + β2 (y – y*) + β3 (it – 1) + β4 ((t – 1) + β5 (y - y* t – 1) + ut
it = -0.003 + 0.436 ((t ) + 0.434 (y – y*) + 0.922 (it – 1) + -0.318 ((t – 1) + -0.357 (y - y* t – 1)
         (0.174)    (0.145)         (0.146)

(0.040)

(0.162)

 (0.144)
n = 168, R2 = 0.923
The complete results have been summarized in Table 13. The fourth model does not contain first order autocorrelation since the Durbin-Watson statistic is 1.954, which is greater than the upper limit critical value 1.780 (k=5, N=168, α=0.05). A p-value of 0.000 for the White test indicates that the model has heteroskedasticity, which is corrected by the robust standard errors. The VIF-value for multicollinearity is 15.56 but this is not of any concern. As in the previous two models, the intercept is insignificant. 
To get an estimation of the amount of lags to be used, the Akaike Information Criterion (AIC) can shed light on this issue and calculate the optimal amount of lags. For the basic Taylor rule model the AIC gives large amount of lags as the optimum depending on the maximum lags the researcher wants to allow. For example, if we want to allow a maximum of 10 lags, the optimal amount is eigth. However, it is recommended not to add more than three lags because in that case the loss of degrees of freedom (df) is too high and the model get overestimated. Using the basic settings in Stata, allowing a maximum of four lags, the AIC value is 6.34815 while the optimal number of lags is four. Instead, the paper will continue using three lags (AIC = 6.35292).
Two more lags for every variable will be added to the fourth model. This will result in the following fifth model: 
(5)
it = i* + β1 ((t ) + β2 (y – y*) + β3 (it – 1) + β4 ((t – 1) + β5 (y - y* t – 1) + β6 (it – 2) + β7 (it – 3) + β8 ((t – 2) + β9 ((t – 3) + β10 (y - y* t – 2) + β11 (y - y* t – 3) + ut
it = -0.202 + 0.513 ((t ) + 0.256 (y – y*) + 0.97 (it – 1) + -0.729 ((t – 1) + 0.161 (y - y* t 
      (0.205)   (0.148)
       (0.137)

(0.117)
        (0.269)
         (0.158)
– 1) + -0.332 (it – 2) + 0.296 (it – 3) + 0.669 ((t – 2) + -0.312 ((t – 3) + -0.146 (y - y* t – 2) + -
         (0.155)
        (0.151)
      (0.298)
       (0.133)
         (0.176)
0.186 (y - y* t – 3)





        (0.122)

n = 166, R2 = 0.942

The complete results have been summarized in table 13. The results indicate that there are some variables insignificant. The next chapter will test for joint significance by using the F-test. Since the model exhibits heteroskedasticity, the robust standard errors have been used. The model does not suffer from autocorrelation because the value for the Durbin-Watson statistic is practically 2. Besides that, the VIF-value for multicollinearity is below the critical value 50.

8.
Robustness

This chapter will deal with the robustness and stability of the model and its estimations. The F-test, Chow-test and dummy variables will be used to examine this. 

The estimations of the fifth model show that all the coefficients of the output gap variables (including the three lags) are individually insignificant. The joint significance of the four output gap variables can be tested using an F-test. If the F-test indicates joint insignificance, all four variables can be omitted from the model. The value for the F-statistic is 8.866 (N=166, k=11, q=3) in this case, which means that the variables are jointly significant and therefore they will be kept in the model. Two out of the three variables with a three quarter lag are individually insignificant. They can be tested as well for joint significance and if necessary omitted from the model. However, the value for the F-statistic is 6.54 (N=167, k=11, q=3), which is greater than the 1% critical value. No variables will be omitted from the fifth model since there is sufficient evidence for significance.

To determine whether a change of the Chairman of the Board had an impact on monetary policy, the Chow test can be used. The Chow test is an F-test that compares the parameters of two groups, Chairman A and Chairman B in this case. The H0 hypotheses will be that all the parameters are equal for Chairman A and B. The first test will compare monetary policy between the Greenspan and the pre-Greenspan period of Volcker and before (Galí, 2000). Greenspan started his term in the fourth quarter of 1987 and ended during the first quarter of 2006. By adding a dummy variable the F-statistic can be calculated. The F-statistic for the Chow test is 2.285, which is slightly below the 1% significance level (N=166, k=11) but is significant at the 5% level (N=166, k=11). It can be concluded that the change of the Chairman had an impact on monetary policy.

The terrorist attacks on the 11th of September 2001 might have had an impact on monetary policy. The stock markets, employment and production suffered from the attacks while inflation dropped. As show in figure 2, the period was characterized by a short recession. Two periods can be distinguished and tested by the Chow test. The first period is from the first quarter of 1964 until the third quarter of 2001. The second period starts in the fourth quarter of 2001 and end with the first quarter of 2006. The F-statistic for the Chow test is 0.633, which is highly insignificant. The terrorist attacks of 9/11 had no impact on monetary policy. 
The period before 1983 can be characterized as a tumultuous one. The federal funds rate topped above 20% (Figure 2), inflation reached nearly 15% and the output gap was negative for multiple consecutive periods. The Chow-test can determine whether this recession had an impact on monetary policy. The first period starts in the first quarter of 1964 and the last period is the fourth quarter of 1982. The second period is from the first quarter of 1983 until the first quarter of 2006. The F-statistic for the Chow-test is 3.768, which is significant at the 1% significance level (N=166, k=11). The conclusion can be drawn that the recessions in 1982 and before had an impact on monetary policy. 

9.
Concluding remarks

This last chapter will deal with the accuracy of the results. To determine whether the backward looking econometric model was consistent with the actual historical interest rates, the fitted values can be calculated.   
Figure 3 gives a graphical presentation of the actual federal funds rate and the fitted values of the estimated model in this paper. 
Figure 3: Comparing the actual and fitted federal funds rate.
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Source: Own calculations in Stata and Excel.

The graph shows that the fitted values are very good estimations of the actual historical federal funds rate, implying that the backward looking model is consistent with reality. The fitted values and the actual FFR differ the most during the recession period at the beginning of the 1980s. The Chow-test already confirmed that there was a change in monetary policy starting at the first quarter of 1983. From 1983 until 2006, there has been only one quarter where the fitted values and actual FFR differed more than one percent point (1994q4). 
The goal of this paper has been successfully achieved: the Taylor rule procedure adopted in this paper gives a consistent estimation of the actual historical interest rate.
10.
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11.
Appendix
	Table 11: Correlation Matrix

	Variable
	Notation
	it
	t  
	y - y*
	it - 1
	t - 1
	y - y* t - 1
	it - 2
	it - 3
	t - 2
	t - 3
	y - y* t - 2
	y - y* t - 3

	Federal Funds Rate
	it
	--
	
	
	
	
	
	
	
	
	
	
	 

	Inflation
	t  
	0.7273
	--
	
	
	
	
	
	
	
	
	
	 

	Output gap
	y - y*
	-0.1366
	-0.1976
	--
	
	
	
	
	
	
	
	
	 

	Federal Funds Rate (t-1)
	it - 1
	0.9504
	0.7107
	-0.2386
	--
	
	
	
	
	
	
	
	 

	Inflation (t-1)
	t - 1
	0.719
	0.974
	-0.3056
	0.7288
	--
	
	
	
	
	
	
	 

	Output gap (t-1)
	y - y* t - 1
	-0.0696
	-0.099
	0.9485
	-0.1412
	-0.2024
	--
	
	
	
	
	
	 

	Federal Funds Rate (t-2)
	it - 2
	0.8787
	0.6651
	-0.3482
	0.9505
	0.7123
	-0.2431
	--
	
	
	
	
	 

	Federal Funds Rate (t-3)
	it - 3
	0.8212
	0.6024
	-0.4276
	0.8792
	0.6672
	-0.3529
	0.9506
	--
	
	
	
	 

	Inflation (t-2)
	t - 2
	0.7066
	0.9225
	-0.3988
	0.7206
	0.9741
	-0.3095
	0.7304
	0.7144
	--
	
	
	 

	Inflation (t-3)
	t - 3
	0.6838
	0.8559
	-0.4716
	0.7083
	0.923
	-0.4021
	0.7224
	0.7325
	0.9743
	--
	
	 

	Output gap (t-2)
	y - y* t - 2
	-0.0318
	-0.0112
	0.8717
	-0.0745
	-0.1039
	0.9487
	-0.1463
	-0.2486
	-0.2065
	-0.313
	--
	 

	Output gap (t-3)
	y - y* t - 3
	-0.013
	0.0595
	0.7738
	-0.0359
	-0.0159
	0.872
	-0.0788
	-0.1509
	-0.1078
	-0.2099
	0.9489
	--

	Source: Own Stata output


	Table 12: Taylor rule models estimation

	 
	 
	Model I
	Model II
	Model III

	Notation
	Coefficient
	Estimate
	SE
	P
	Estimate
	SE
	P
	Estimate
	SE
	P

	
	Intercept
	2.661177
	0.3222159
	**
	0.1598958
	0.1806381
	 
	0.1675107
	0.1841329
	 

	
	t  
	0.8295278
	0.0719561
	**
	0.1259944
	0.0683027
	 
	0.4345608
	0.1442002
	**

	
	y - y*
	0.0083783
	0.0827573
	 
	0.1265736
	0.0298178
	**
	0.0838238
	0.0268287
	**

	
	it - 1
	--
	--
	--
	0.8942184
	0.0446652
	**
	0.909532
	0.0456788
	**

	
	t  - 1
	--
	--
	--
	--
	--
	--
	-0.3363271
	0.1636635
	*

	N
	 
	169
	 
	 
	168
	 
	 
	168
	 

	R2
	 
	0.5337
	 
	 
	0.9186
	 
	 
	0.9218
	 

	Adjusted R2
	 
	0.5301
	 
	 
	0.9171
	 
	 
	0.9199
	 

	White test p-value
	 
	0.0000
	 
	 
	0.0000
	 
	 
	0.0000
	 

	VIF-value
	 
	 
	1.05
	 
	 
	1.73
	 
	 
	14.02
	 

	Durbin-Watson
	 
	0.1876079
	 
	 
	1.656661
	 
	 
	1.69916
	 

	Note: Heteroskedasticity-robust OLS estimates are displayed. * indicates significance at the 5% level, ** at the 1% level


	Table 13: Taylor rule models estimation (continued)

	 
	 
	Model IV
	Model V
	Model VI

	Notation
	Coefficient
	Estimate
	SE
	P
	Estimate
	SE
	P
	Estimate
	SE
	P

	
	Intercept
	-0.0034163
	0.1743055
	 
	-0.2019867
	0.2046403
	 
	 
	 
	 

	
	t  
	0.4356952
	0.1445016
	**
	0.5134
	0.1483293
	**
	 
	 
	 

	
	y - y*
	0.4337961
	0.1461085
	**
	0.255701
	0.1367874
	 
	 
	 
	 

	
	it - 1
	0.9224119
	0.0404338
	**
	0.970367
	0.1172923
	**
	 
	 
	 

	
	t  - 1
	-0.3177466
	0.1619505
	*
	-0.728916
	0.2685514
	**
	 
	 
	 

	
	(y - y*) t - 1
	-0.357014
	0.1437103
	*
	0.1605312
	0.1580835
	 
	 
	 
	 

	
	it - 2
	 
	 
	 
	-0.3319794
	0.1548285
	*
	 
	 
	 

	
	it - 3
	 
	 
	 
	0.2955009
	0.1511595
	 
	 
	 
	 

	
	t  - 2
	 
	 
	 
	0.669177
	0.2975175
	*
	 
	 
	 

	
	t  - 3
	 
	 
	 
	-0.3120812
	0.1327886
	*
	 
	 
	 

	
	(y - y*) t - 2
	 
	 
	 
	-0.1464673
	0.1759321
	 
	 
	 
	 

	
	(y - y*) t - 3
	 
	 
	 
	-0.1864841
	0.1220491
	 
	 
	 
	 

	N
	 
	168
	 
	 
	166
	 
	 
	 
	 

	R2
	 
	0.9288
	 
	 
	0.9421
	 
	 
	 
	 

	Adjusted R2
	 
	0.9266
	 
	 
	0.938
	 
	 
	 
	 


	White test p-value
	 
	0.0000
	 
	 
	0.0000
	 
	 
	 
	 

	VIF-value
	 
	 
	15.56
	 
	 
	35.51
	 
	 
	 
	 

	Durbin-Watson
	 
	1.954163
	 
	 
	1.99973
	 
	 
	 
	 

	Note: Heteroskedasticity-robust OLS estimates are displayed. * indicates significance at the 5% level, ** at the 1% level
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		1986/Q3		1986/Q3

		1986/Q4		1986/Q4

		1987/Q1		1987/Q1

		1987/Q2		1987/Q2

		1987/Q3		1987/Q3

		1987/Q4		1987/Q4

		1988/Q1		1988/Q1

		1988/Q2		1988/Q2

		1988/Q3		1988/Q3

		1988/Q4		1988/Q4

		1989/Q1		1989/Q1

		1989/Q2		1989/Q2

		1989/Q3		1989/Q3

		1989/Q4		1989/Q4

		1990/Q1		1990/Q1

		1990/Q2		1990/Q2

		1990/Q3		1990/Q3

		1990/Q4		1990/Q4

		1991/Q1		1991/Q1

		1991/Q2		1991/Q2

		1991/Q3		1991/Q3

		1991/Q4		1991/Q4

		1992/Q1		1992/Q1

		1992/Q2		1992/Q2

		1992/Q3		1992/Q3

		1992/Q4		1992/Q4

		1993/Q1		1993/Q1

		1993/Q2		1993/Q2

		1993/Q3		1993/Q3

		1993/Q4		1993/Q4

		1994/Q1		1994/Q1

		1994/Q2		1994/Q2

		1994/Q3		1994/Q3

		1994/Q4		1994/Q4

		1995/Q1		1995/Q1

		1995/Q2		1995/Q2

		1995/Q3		1995/Q3

		1995/Q4		1995/Q4

		1996/Q1		1996/Q1

		1996/Q2		1996/Q2

		1996/Q3		1996/Q3

		1996/Q4		1996/Q4

		1997/Q1		1997/Q1

		1997/Q2		1997/Q2

		1997/Q3		1997/Q3

		1997/Q4		1997/Q4

		1998/Q1		1998/Q1

		1998/Q2		1998/Q2

		1998/Q3		1998/Q3

		1998/Q4		1998/Q4

		1999/Q1		1999/Q1

		1999/Q2		1999/Q2

		1999/Q3		1999/Q3

		1999/Q4		1999/Q4

		2000/Q1		2000/Q1

		2000/Q2		2000/Q2

		2000/Q3		2000/Q3

		2000/Q4		2000/Q4

		2001/Q1		2001/Q1

		2001/Q2		2001/Q2

		2001/Q3		2001/Q3

		2001/Q4		2001/Q4

		2002/Q1		2002/Q1

		2002/Q2		2002/Q2

		2002/Q3		2002/Q3

		2002/Q4		2002/Q4

		2003/Q1		2003/Q1

		2003/Q2		2003/Q2

		2003/Q3		2003/Q3

		2003/Q4		2003/Q4

		2004/Q1		2004/Q1

		2004/Q2		2004/Q2

		2004/Q3		2004/Q3

		2004/Q4		2004/Q4

		2005/Q1		2005/Q1

		2005/Q2		2005/Q2

		2005/Q3		2005/Q3

		2005/Q4		2005/Q4

		2006/Q1		2006/Q1



Actual FFR

Fitted Values

Quarter

Rate

Comparison actual and fitted FFR (1964 - 2006)

3.46

0

3.49

3.46

3.58

3.97

4.08

4.07

4.17

4.57

4.91

5.41

5.57

4.82

3.99

3.89

4.17

4.82

5.98

5.94

5.92

6.57

8.33

8.98

8.94

8.57

7.88

6.7

5.57

3.86

4.56

5.48

4.75

3.54

4.3

4.74

5.14

6.54

7.82

10.56

10

9.32

11.25

12.09

9.35

6.3

5.42

6.16

5.41

4.83

5.2

5.28

4.88

4.66

5.16

5.82

6.51

6.76

7.28

8.1

9.58

10.07

10.18

10.95

13.58

15.05

12.69

9.84

15.85

16.57

17.78

17.58

13.59

14.23

14.51

11.01

9.29

8.65

8.8

9.46

9.43

9.69

10.56

11.39

9.27

8.48

7.92

7.9

8.1

7.83

6.92

6.21

6.27

6.22

6.65

6.84

6.92

6.66

7.16

7.98

8.47

9.44

9.73

9.08

8.61

8.25

8.24

8.16

7.74

6.43

5.86

5.64

4.82

4.02

3.77

3.26

3.04

3.04

3

3.06

2.99

3.21

3.94

4.49

5.17

5.81

6.02

5.8

5.72

5.36

5.24

5.31

5.28

5.28

5.52

5.53

5.51

5.52

5.5

5.53

4.86

4.73

4.75

5.09

5.31

5.68

6.27

6.52

6.47

5.59

4.33

3.5

2.13

1.73

1.75

1.74

1.44

1.25

1.25

1.02

1

1

1.01

1.43

1.95

2.47

2.94

3.46

3.98

4.46




