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Abstract 
 
Ever since the 2008 financial crisis, the Federal Reserve’s conventional monetary tools 
become useless when the discount rate entered a near zero mark. The Federal 
Reserve therefor experimented with an unconventional monetary policy to still be able 
to stimulate the economy. The Federal Reserve decided to implement a Quantitative 
Easing program, by which they purchase long-run bonds, targeting interest rates at the 
longer maturity end. In this paper we explore the mechanisms by which the 
Quantitative Easing program aims to affect consumption in the United States. This 
paper presents an econometric model that verifies that Quantitative Easing has 
stimulated consumption in the United States. Quantitative Easing successfully lowered 
the long-run interest rates. Both short and long-run interest rates did not act as a 
significant stimulant for consumption. Nevertheless, Quantitative Easing did affect 
consumption, meaning that affected the economy through other means than the 
interest rates. 
 
Key words: Quantitative Easing, monetary policy, bond yield, markup, risk premium, 
inflation, reserve trap, short-run interest rate, long-run interest rate, open market 
operation, perfect trap, econometrics
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1 Introduction 

The 2008 financial crisis was the most recent global financial crisis that struck all 
corners of the globe. Triggered by the burst the housing bubble, top economists agree 
that the 2008 financial crisis was the worst crisis to hit the economic network since the 
great depression of 1930 (Economonitor, 2009).  The 2008 financial crisis reached a 
point at which the financial industry experienced cardiac arrest, a complete form of 
illiquidity – financial channels froze (Roubini, 2010). The severity of the crisis was so 
profound and vast that it led to major regulatory financial reform by which the U.S. 
government responded with the “Dodd-Frank Wall Street Reform and Consumer 
Protection Act” that was signed on the 5th of January of 2010 (SEC, 2011). The Federal 
Reserve’s toolset was exhausted to the extent that conventional monetary stimulants 
became insufficient to direct the economy (Yellen, 2009). The Federal Reserve’s 
conventional monetary instrument was to target the discount rate, by conducting an 
Open Market Operation (OMO), but as the discount rate reached levels near the zero 
mark, it became inadequate to stimulate the economy. After the 2008 financial crisis, 
economic growth rates entered the negative values, and inflation was reaching a 
dangerously low level (Neely, 2010), which could lead to deflation and ultimately to a 
liquidity trap1, a situation that Japan has been struggling with for well over a decade. 
The need for monetary intervention but the inability of traditional monetary policy to 
stimulate the economy called for an unconventional and untested program - 
Quantitative Easing (QE). 
 
QE is the process by which the Federal Reserve purchases securities from financial 
institutions with the aim to create greater liquidity in the financial markets that would 
extend credit to consumers and investors. The Federal Reserve therefor purchases 
securities at higher maturities, securities such as Treasury bonds, agency debt2, as 
well as mortgage-backed securities (MBSs)3. Purchasing bonds with longer maturities 
enable the Federal Reserve to still inject capital into the financial system by which they 
would lower the long-term interest rates, which can increase liquidity in the market. QE 
was first conducted by Japan in March 2001, when they faced a devastating liquidity 
trap (Bowman, Cai, Davies, Kamin, 2015). The Federal Reserve tries to differentiate 
QE with so called “credit easing” by stating that the Fed’s approach to QE is more 
focused on a mix of loans and securities it holds and how these affect the credit 
conditions for households and businesses, while Japan was primarily focused on 
simply targeting bank reserves in general (Bernanke, 2009). Regardless of the Federal 
Reserve trying to distinguish between the two terms, there is no distinct definition for 
QE, hence this paper will regards the actions taken by the Federal Reserve as QE.  
 
Untested monetary experimentation calls for research to be conducted on its results. 
The completed workings of QE have not been finalized and can therefore not be 
concluded upon as being a sound policy just yet. Current progress however, can be 
observed. The purpose of this paper is to determine whether QE acts as a functioning 
monetary policy that stimulates private consumer expenditure, henceforth referred to 
as “consumption” in the United States (U.S.). The relationship between QE and 
household consumption is an interesting one to determine, as it reflects the ability of 
this monetary policy to reach the end users in the economy. An increase in 
                                                             
1	A	point	at	which	a	reduction	in	the	interest	rate	is	unattainable,	as	it	has	reached	a	point	near	the	zero	mark,	
meaning	that	monetary	policy	is	ineffective.	
2	Bond	issued	by	governmentally	sponsored	agencies	such	as	Fanny	Mae,	Freddie	Mac,	Sallie	Mae	and	the	
Federal	Home	Loan	Bank	
3	MBSs	are	mortgage	bonds	that	hold	residential	property	as	a	collateral	on	the	bond.		
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consumption is a sign of economic progress. The reason for this is that consumers feel 
comfortable to spend in present times, as there is less incentive to save the money to 
deal with a tough economic future. 
 
QE is an unconventional and new concept in the U.S., for which very little research has 
been conducted, which makes room for further exploration.  We find QE to be an 
incredibly captivating topic, as it is still today fueled by great uncertainty. It is not a 
theory or a proposal, it is very real, and is happening right now. This grand and 
unconventional policy is something that tests the livelihood of our interconnected global 
financial market; at its full extent, will it fail or prevail? No one yet knows, hence this 
paper aims to give the reader a better understanding at its current successes of 
stimulating consumption in the U.S.. 
 
The Federal Reserve’s QE programs came in a number of waves, which are 
distinguished by QE1, QE2, and QE3. Operation Twist (OT), a maturity extension 
program came into action in between QE2 and QE3, which was not part of the increase 
of the balance sheet, but rather an extension of the maturities of the Treasury 
securities that were held4. The Federal Reserve aimed to help improve the conditions 
in the credit markets by lowering the long-term bond yields, which would allow banks to 
extend more credit to consumers and investors. The Federal Reserve has purchased a 
variety of bonds and at different volumes. This paper will not distinguish between these 
as being different forms of QE, but rather as subsections of QE as a whole. 
 
We structured this paper as follows; we start off by discussing research that has been 
conducted by other economists on the matter of QE, and analyze how their research 
suggests how QE could channel its way into affecting consumption. A demonstration is 
presented of how QE is supposed to work in theory by providing an extension of the IS-
LM curve. Further research will be conducted on factors that limit the effects QE on 
consumption. The next part of this paper explains our econometric model that we use 
to test for causality between our independent and dependent variable. The findings are 
presented according to relevance, which are then analyzed accordingly. The final 
section of this paper combines the insights from our research with our empirical results 
to reach a conclusion that determines whether QE is a stimulant for consumption in the 
U.S., as well as a discussion of the limits of our study and further research possibilities. 
 

2 Theory and practice 

 
Both Herbst, Ho and Wu (2014) as well as Martin and Milas (2013) have demonstrated 
that QE has been effective preventing an all out decline in output and inflation similar to 
the Great Depression in the 1930s. Wen (2013) stresses the importance of wages. 
Wen (2013) claims that QE could indeed have an effect on consumption, but only if the 
collateral value of capital increases. When this happens, the capital stock will increase, 
which then pushes up the productivity of labor, ultimately leading to higher wage. The 
collateral value of capital increases when asset prices increase, which could be 
achieved through QE. Wen’s (2013) research is limited to the regard that it is 
speculative rather than testing an econometric model based on the relationship 
between QE and consumption. Wen’s (2013) research provides greater insights of the 
possibilities of how QE could carve its way into the real economy, through an 
increasing capital stock, employment and wages, which induces consumption. 
 
                                                             
4		Please	see	appendix	1	for	a	more	detailed	schedule	of	the	QE	program.	
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The IS-LM (investment savings, liquidity 
of money) model illustrates the market 
for money by featuring both the supply 
and demand of money. The 
conventional IS-LM model is rather 
limited with regard to the consideration 
of the existence of both a short and a 
long-run interest rate. Gärtner (2013) 
stresses the importance of the 
implementation of both short and long-
term interest rates when one analyzes 
QE. The short-term and long-term 
interest rate is illustrated in figures 1(a) 
and 1(b). The yield curve is a 
representation of all interest yielding 
bonds at different maturities. Bonds 
maturing at three-month mark or less, 
are considered to represent the short-
term interest rate. Bonds maturing after 
the 10-year mark are considered to 
represent the long-term interest rate. 
  
 During conventional times, the Federal 
Reserve would aim to influence the 
short-run interest rate, through the 
discount rate. This is illustrated in figure 
1(a), an expansionary OMO would shift 
the yield curve down and thus lowering the 
interest rates to a lower bound end. The Federal Reserve buys bonds, their price goes 
up, and by this their yields go down. After the financial crisis, the short-term interest 
rates have fallen to a point around the zero percent mark. The Federal Reserve 
therefore had to come up with an alternative to still have an effect on the yield curve. 
This forced them to focus on the interest rates representing the bonds that mature in 
the long-term area. QE fundamentally aims to lower the long-run interest rate by not 
shifting the yield curve, but by flattening it. Looking at figure 1(b), one can clearly 
observe what the Federal Reserve is trying to achieve with their QE policy. The reason 
why the long-term interest rate 
is so important is that it makes 
the bond market more liquid, 
as there is now greater market 
for these bonds, which lowers 
the risk premium, and then will 
ultimately lower the yield. The 
risk premium is the 
compensation one receives on 
a bond’s excess return of the 
risk free rate of return – reward 
for additional risk 
   
Figure 2 illustrates how the U.S. 
treasury yield curve shifted between 
2009 and 2013 with its short-run interest rates fixed around the 0%. This displays the 
real data that is explained in the theoretical models in figure 1(a) and 1(b). 
Understanding the difference between the short and long-term interest rates is 

Figure 1(a) illustrates a conventional shift of the yield curve 
caused by a monetary policy 
 
Figure 1(b) illustrates how QE flattens the yield curve. 

Figure 2 illustrates a comparison of the U.S. treasury at 
different maturities in 2009 and 2015. Source: U.S. 
Department of The Treasury 
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essential to understand how QE aims to affect the economy by flatting the yield curve. 
This is achieved when there is a reduction in the markup. The markup is the difference 
between the cost and the sales price of a bond. 
 
The conventional IS-LM is a too limited model, as there is only one interest rate 
considered. Since QE aims to also lower the long-run interest rate, this must be 
accounted for by the (investment savings) IS and LM (liquidity of money) curves in 
order for us to graphically illustrate the theoretical effect that QE will have on the 
economy. Equation 1 and 2 now account for the purchase of the long-term bonds, a 
risk-premium for the short- and the long-term bonds, as well as the markup.  
 

               iSR = 𝒇(𝑹𝑷𝒔𝒓,𝒌,𝒉,𝒚,𝑴,𝑫) 
 

                 iSR = 𝒇(𝝁 𝑹𝑷𝑳𝑹,𝑫 , 𝒄,𝒃,𝒀, 𝑰,𝑮) 
 
 
 The risk premium is denoted as RP. The markup, denoted as 𝜇, is a function of the risk 
premium and the Fed’s QE program. For example, ceteris paribus, when the risk 
premium or QE increases, the markup will decrease accordingly. 
 
Figure 3 demonstrates 
how the economy is still 
theoretically able to be 
stimulated by QE as a 
monetary policy. Since 
short-run interest rates 
are no long able to be 
affected by the Federal 
Reserve, the equilibrium 
short-run interest rates 
are fixed at the zero 
mark. National output on 
the other hand is still able 
to shift outwards through 
the implementation of 

QE.  

At point A, the economy 
is caught in a perfect trap, a point at which the short-term interest rate is at the zero 
mark. This is of course the reason why the Federal Reserve implemented their QE 
programs. When the Federal Reserve purchases long-term bonds, there will be a 
reduction in the markup. This brings the long-run interest rate down without affecting 
the short-term interest rate. This shifts the IS1 curve up to IS3. The IS curve could be 
subjected to a crowding-out effect which would results in the downward shift from IS3 to 
IS2. As the Federal Reserve purchases more long-term bonds the money supply will 
increase, results in an outward shift of the LM curve to LM1 or LM2, which then ultimately 
reaches an equilibrium point at point B or C depending on the crowing-out effect and 
the extent to which the money supply truly increases. Nonetheless, the national output 
increases, which is the ultimate goal of the QE program. As discussed earlier in this 
paper, the full employment potential is the most desirable outcome when observing 
consumption, as the achievement of full employment increases the wage level and thus 
induces consumption. 
 

(1) 
 
 
(2) 

Figure 3 illustrates the effect that QE has on the IS-LM curve when both short and 
long-term interest rates are considered. 



 

 5 

Gagnon, Raskin, Remache, Sack (2011) provide evidence that QE has in fact lowered 
the risk premiums and affected the long-term interest rates. This was accomplished by 
increasing the liquidity in the market by purchasing agency debt, MBSs, and Treasury 
securities. The purchases of these assets made the market for bonds more attractive 
and thus more liquid, which lowered the risk premium, as the Federal Reserve became 
a large buyer of these bonds. This proves that QE is in fact a powerful and functional 
monetary tool with regards to lowering the long-term yields. Their research is however, 
limited to the extent that it does not touch upon the actual effect that these variables 
have on consumption. Gagnon, Raskin, Remache, Sack (2011) argue that lower 
interest rates do not automatically lead to credit extensions. The availability of credit 
also does not immediately motivate corporations to invest, or consumers to consume, 
which fills in on the research conducted by (Wen 2014), who claims to have found 
similar outcomes. 
 
A key target of the Federal Reserve 
is to achieve their 2% inflation target. 
This has been rather challenging 
over the last ten years. Ever since 
the QE programs there have been 
various media sources as well as 
Federal Reserve officials that detest 
this unorthodox monetary policy, 
some, who thought that there might 
be a risk of hyperinflation (Arias, 
Wen, 2014). Arias, Wen (2014) 
created a linear regression model 
that proved that for every 1 percent 
increase in the monetary base, the 
inflation increases by 0,26 percent 
during regular times. During December 
2008 up until December 2013, the monetary base increased by 123 percent, which 
means that inflation should have been 6.3 percent on a yearly basis on average. 
 The true value of inflation during this time period was of course much lower, which is 
demonstrated by the figure 5, where the year-to-year change of the CPI doesn’t reach 
as high as a 4% increase at its peak after the financial crisis. This low inflation 
indicated how the Federal Reserve is not able to achieve their target inflation rates, 
which could indicate lower economic activity. Janet Yellen (2009), the current Federal 
Reserve chair member of the board argued that inflation was non-existent during the 
recession since there was very little pressure for both prices and wages to increase, 
knowing that certain assets in the economy were not fully utilized. Inflation today also 
depends on expected inflation. When the expected inflation is low, current inflation will 
be lower too. Since inflation is a crucial component of consumption, a decrease in 
expected inflation lowers current consumption. 
 
The Financial Services Relief Act of 2006 enacted on October 1st of 2008 is part of the 
Emergency Economic Stabilization Act, authorized the Federal Reserve to begin 
paying interest on reserves held by depository institutions. This offers depository 
institutions the option to leave excess reserves at the Federal Reserve that yield them 
interest. According to Wen (2013), this only makes cash a more attractive resource to 
store rather than spend and invest. It does however, enable depository institutions to 
hold great collateral on their loans and thus result in greater financial stability. It does 
raise the issue of QE not leading to the extension of credit, which limit households to 
increasing their consumption, this is called the reserve trap and makes QE have a 
lower direct impact on the real economy. But for the sake of restoring faith in the 

Figure 5 showing the CPI for all Urban consumers. 
Starting at the first wave of QE up until December 2015. 
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financial sector, especially during the midst of the 2008 crisis, it dealt with solvency 
issues (Yellen 2009). 
 
A reserve trap occurs 
when an increase in the 
money supply does not 
lead to an extension of 
credit to investors and 
consumers, but is 
hoarded as excess 
reserves. Herbst, Ho, and 
Wu (2014) argue the 
existence of a reserve 
trap in the US, but 
primarily focus their study 
how QE could stimulate 
the exchange rate and 
export using the IS-LM 
model to demonstrate this 
theoretically. 
 
Figure 6 clearly demonstrates 
a consistent pattern on how the excess reserves of depository institutions follow an 
almost identical increase as the monetary base. This illustrates how the newly injected 
QE money is hoarded as excess reserves. As banks hold greater reserves, the money 
multiplier weakens, thus further lowering the inflation (Fawley, Wen, 2013).  

We hypothesize that the QE practices by the Federal Reserve has stimulated 
consumption during our observed period. Research shows that the factors that QE is 
fundamentally aimed to influence have indeed been affected in the manner they hoped 
they would. For example, the markup has indeed been reduced which actually flattened 
the yield curve, exactly what the Federal Reserve was aiming to achieve. Our graphical 
data also supports and illustrates this theory. Our research acknowledges the 
possibility for banks not being able to extend credit because of the reserve trap, as well 
as consumers not willing to take on extra credit to increase their consumption due to 
unfavorable future economic expectations based on the anticipated inflation. 
Nonetheless, regardless of banks not extending credit directly, or poor economic 
prospects, the collateral value of capital pushes up the capital stock, which increases 
demand for labor. When there is greater demand for labor, there is an upward pressure 
on wages. When QE works its ways through the real economy according to this 
fashion, we are convinced that consumption will increase accordingly. As demonstrated 
by the IS-LM, an increase in QE lowers the markup that leads to an increase in output. 
The increase in output drifts the economy closer to full employment that will push up 
wages and therefore induce consumption in this fashion. 

 

 

 

Figure 6 illustrates a comparison of the Excess reserves help by 
depository institutions and the monetary base; total. 
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3 Methodology and econometric analysis 

The econometric model used in this thesis is going to be a multiple linear regression, 
which will be used to test the significance and the effect of different variables on the 
dependent variable, in this regression the dependent variable will be the consumption. 
All data is collected on a monthly basis between January 1st 2005 up until December 
31st 2015, in order to adjust for conventional, throughout and post 2008 financial crisis 
times. The econometric regressions 1 and 2 are presented below: 
 

𝐶𝑡 = 𝛽! +   𝛽!𝑄𝐸𝑡 − 1 +  𝛽!𝑖!"𝑡 − 1 +  𝛽!𝐶𝑡 − 1 + ϵ 
 

𝐶𝑡 = 𝛽! +   𝛽!𝑄𝐸𝑡 − 1 +  𝛽!𝑖!"𝑡 − 1 +  𝛽!𝐶𝑡 − 1 + ϵ 
 

 
We start by defining the different variables in our regression, the first one being 
consumption, since measuring GDP and taking it as the dependent variable would be 
too broad due to the presence of too many variables that affect and stimulate economic 
growth in a country, so it would be harder to narrow down the effect the QE has or has 
not on GDP, hence we went with consumption of the private household. This is the 
aggregate value of final good and services consumed by consumers in the US. 
 
Our second variable, which is the first independent variable, is Quantitative easing 
(QE), denoted as the total amount of assets the Federal Reserve has on its balance 
sheet. Considering our macroeconomic analysis, we shall observe the increase in the 
total assets held by the Central Bank as the amount of QE that has been conducted, as 
we will not research the individual impact of each specified security.  
 
The second independent variable is the short run interest rate (ISR), the Federal 
Reserve would conventionally conduct OMO, by purchasing short-run bonds, or 
treasuries bills. This was effective, as the short run interest rate would affect the 
discount rate, which would set a base for all other rates in the economy. The reason 
that we have to be including this in the regression is that it acts as an alternative 
variable of interest. It indicates how the changes in consumption are caused by QE 
rather than the interest rate. This is of course due to failure of conventional monetary 
policy to have a solid effect on the economy, hence the introduction of QE as an 
alternative method. 
 
In the second regression we substitute the short run interest rate with long run interest 
rate (LRI). Theory states that QE will have a flattening effect on the US treasury yield 
curve. This means that increases in QE should in fact have a decreasing effect on the 
long run real interest rate. In theory QE is supposed to affect the Long-run interest 
rates, we will run the regression for each dependent variable and we would first test the 
significance of the short run interest rate and then the long run and we will try to 
determine whether there is a significance and thus an effect on the dependent variable. 
Just because the long-term interest rates went down, again, does not necessarily mean 
that the consumption will be affected accordingly. 
 
The last independent variable is a lagged consumption variable. The main purpose why 
we include a lagged variable in our model is to eliminate any exogenous factors or 
noise that could affect the dependent variable. This thus working as another control 

(3) 
 
 (4) 
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variable to make sure that changes that occur on the dependent variables are coming 
from QE, or at least that’s what we are going to test.  
 
Granger causality is a statistical concept where the main objective is to determine 
whether historical values from one time series could be used to determine the future 
trend/values of another time series.  The conventional uses of statistical testing are to 
determine correlations among variables. Clive Granger (1969) argued that causality 
could also be determined and tested. The uses of causality are so profound and 
fundamental that it transcended the economic field. 
 
Equations 3 and 4 illustrate the presence of causality. We will thus the Granger testing 
using multiple linear analysis as an econometric model to determine whether QE and 
interest rates have significance, and whether they actually affect the dependent 
variable, consumption. Our model adopts the Toda-Yamamoto (1995) causality testing 
approach because we believe that our time series at hand have some level of 
integration. 
 
We will be testing for the degree of integration of the variable through applying two 
different test, the first would be the Augmented Dickey-Fuller test, with the null-
hypothesis indicating non-stationarity, the other test we conduct would be the 
Kwiatkowski-Phillips-Schmidt-Shin (KPSS), in this test the null-hypothesis would 
indicate stationarity, both tests are conducted for the purpose of more validity for the 
results. In order to be able to run the regression and the Granger causality test, we 
have to ensure that the data used is stationary. The unit root test is used to determine 
whether the data used is stationary or non-stationary. In the case of non-stationarity, 
we risk the occurrence have spurious, or nonsense regression.  
 
Another factor we would be looking into would be heteroscedasticity. 
Heteroscedasticity occurs when the variability of the dependent variable varies, or is 
unequal across different values of the independent variable. The opposite of 
heteroscedasticity is homoscedasticity, which means that the variability of the 
dependent variable is the same or equal across all values of the independent variable. 
By using the white test, we are able to check for heteroscedasticity. In the case of 
heteroscedasticity the data must be converted in order for us to continue with our 
regression. Another aspect to consider is Multicollinearity.  
 
Multicollinearity occurs when independent variables respond not only to the dependent 
variable, but also to each other. Multicollinearity increases the standard errors of the 
coefficients. This could result in variables being insignificant. The long-run interest 
rates should theoretically decrease as QE increases. We thus test whether the 
multicollinearity made the coefficient insignificant or not by testing for correlation 
between the independent variables. We test for autocorrelation between the 
independent variables using the Breusch-Godfrey Serial Correlation LM Test, it is 
expected for some autocorrelation to be present, if that would be the case then it could 
be due to the presence of the lags in the independent variables. 
 
Time lags are a critical aspect to consider when one is observing the effects of 
monetary policy on a macroeconomic factor such as consumption. The motive for this 
is that the economy requires time to adjust to monetary policies. The main aspect we 
consider in the paper is the response time between QE, short and long run interest 
rates and its eventual effect on consumption. The most significant time lag to use in the 
regression is determined by observing the lowest Bayesian information criterion (BIC), 
for which we use the Schwarz criterion. Minimizing the Schwarz criterion exposes the 
most significant time lag. 
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Consumption & Short-run interest rate 
 
For our econometric model analysis, we start with the regression (1) model for the 
consumption as the dependent variable and the short run interest rate as one of the 
independent variables as seen in the following regression:  
 
In order for us to run the regression and test for causality, we have to first make sure 
that the data we have can be applicable, so we apply a number of tests and 
configurations in order to make our data useful and make sure that the regression was 
run properly and the right and reliable results were obtained. 
 
 
Stationarity 
 
First we have to test whether our data is stationary or non-stationary, running the 
Augmented Dickey-Fuller test for unit root for each data set does this and the following 
results were obtained: 
 
For the Consumption we found out that the data obtained was non-stationary at the 
level of 5% significance, this means that we do not reject the null-hypothesis indicating 
that there is a unit root in consumption, since the null-hypothesis in the Augmented 
Dickey-Fuller test indicates the presence of a unit root. 
We ran the same root test but at the 1st difference level and we obtained that the 
calculated test statistic was equal to –8.9795, while the critical value at the 5% level 
was at -2.8838, this means that we reject the null-hypothesis, meaning that the data is 
stationary. 
For the QE data set, we ran the unit root test and obtained the following data for the 
level unit root, a calculated value of -0.0949 and a critical value of -2.8838, again by 
comparing the absolute values we do not reject the null-hypothesis meaning that there 
is a unit root at the level; after running the unit root test at the first difference we find a 
calculated value of -7.4822, and a critical value of -2.8838, meaning that the data is 
stationary at the first level, by rejecting the null-hypothesis. The same was applied on 
the short-run interest rate and we found out that the interest rate data was stationary at 
the first difference level as well (calculated value of -0.9496, and a critical value of -
2.8838 for the unit root level, while at the first difference we obtained  -8.7606 as a 
calculated value, while -2.8838 as a critical value). 
 
In order to validate our results even more, we decided to apply another test, which is 
KPSS, where the null hypothesis is the opposite meaning that the null-hypothesis 
indicates that there is stationarity, the following results were obtained: 
 
For Consumption we applied the test on the level difference, and the obtained LM-
statistic was 1.3875, and the critical value at the 5% level was 0.4630, this indicates 
that we reject the null-hypothesis meaning that the data is non-stationary. We ran the 
test again but at the first difference level, and the values obtained we, LM-statistic 
0.1333, and the critical value at the 5% level is 0.4630, this means that we do not reject 
the null-hypothesis meaning that the data is stationary. 
As for QE, when the test was applied on the level constant, the data obtained were, 
LM-statistic 1.3636, and the 5% value 0.4630, thus we reject the null-hypothesis, 
meaning that the data is non-stationary. 
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We ran the test again on the first difference level, and the obtained values were, LM-
statistic 0.1572, and the 5% critical value 0.4630, thus we do not reject the null-
hypothesis and the data is stationary. 
The same test was run for the short run interest rate and the values obtained were, the 
LM-statistic was 1.0515, and the critical value at the 5% level was 0.4630, meaning 
that we reject the null-hypothesis, thus the data is non-stationary. After running the test 
again on the first difference level, we obtained the following values, the LM-statistic 
was 0.1918, the critical value at the 5% level was 0.4630, this means that we do not 
reject the null-hypothesis and the data is stationary. 
 
After test our data for all the variables using both tests, we now know that the data we 
have at hand is at the first degree of integration. 
 
 
Multicollinearity 
 
We need to test for multicollinearity to make sure that the significance of the 
independent variables is not affected by each other, testing for the correlation in 
Eviews, and the following table was produced:  
 

 QE ISR 
   
   QE  1.000000 -0.819409 

SRI -0.819409  1.000000 
   

Table 1 Correlation values 
 
From the table above we notice a rather high magnitude of correlation (-0.819409); this 
indicates the presence of a negative correlation between the independent variables. 
 
Autocorrelation 
 
We tested for autocorrelation using Breusch-Godfrey Serial Correlation LM Test, and 
the following values were obtained: 

 
  

     
     F-statistic 0.713580     Prob. F(2,117) 0.4920 

Obs*R-squared 1.554574     Prob. Chi-Square(2) 0.4597 
     
     Table 2 Breusch-Godfrey Serial Correlation LM Test 

 
From the table we obtain the Chi-square value of 0.4597 or 45.97%, which means we 
do not reject the null-hypothesis, meaning that there is no autocorrelation between the 
variables. 
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OLS and Wald Test for non-causality 
 
For the econometric regression we used an Ordinary Least Square regression model 
and the following table was produced: 
  

Dependent Variable: Consumption 
Independent Variables Lags 

 Lag 1 Lag 2 Lag 3 
Constant - 212.319** - 

 - (2.421) - 
    

QE -0.00012** 0.00013 0.00002 
 (-2.189) (1.238) (0.285) 
    

ISR 1543.239 -3447.838 2236.197 
 (0.788) (-1.214) (1.498) 
    

Consumption 1.027*** 0.116 -0.168* 
 (10.713) (0.866) (-1.762) 

Number of observations 
R2 

  129 
0.9988 

Adjusted R2   0.9987 
Akaike info criterion   10.04156 

Schwarz criterion   10.26325 
The T-statistics is represented in brackets 
*, **, *** Represent the 1%, 5%, and 10% levels of significance respectively 

 
Table 3 OLS regression with ISR 

The table above represents our regression, consumptions being the dependent 
variable; the R-squared value of 0.998879, means that the independent variables have 
a 99.89% effect on the dependent variable, the other 0.001121% is due to exogenous 
factors.  
 
Heteroscedasticity 
 
After obtaining the OLS table, we test the data for the variability of the dependent 
variable across the independent variables. In order for us to run a heteroscedasticity 
test, we had to first open our data sets as an equation with the consumption variable 
being the dependent variable, while QE, short run interest rate, and the lagged 
consumption as the independent variables; the test was done by using the 
Heteroskedasticity Test: Breusch-Pagan-Godfrey, the following results were obtained:  
 

 
     
     F-statistic 1.496547     Prob. F(9,119) 0.1569 

Obs*R-squared 13.11621     Prob. Chi-Square(9) 0.1574 
Scaled explained 
SS 17.38395     Prob. Chi-Square(9) 0.0430 

     
      

Table 4 Breusch-Pagan-Godfrey test 
 

From the table above we can test for heteroscedasticity by looking at the obs*R-
squared row and especially by looking at the Chi-squares (2) value, which is 0.1574 or 
15.74%, which is higher than the 5% significance level; with a null-hypothesis of 
homoscedasticity and an alternative hypothesis of heteroscedasticity, with the value 
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obtained from the table, we do not reject the null-hypothesis meaning the absence of 
heteroscedasticity and the presence of the opposite which is homoscedasticity. 
 
After obtaining the OLS table our regression could be presented with the following 
formula: 
 
PCE = C(1) + C(2)*QE(-1) + C(3)*QE(-2) + C(4)*QE(-3) + C(5)*SRI(-1) + C(6)*SRI(-2) 
+ C(7)*SRI(-3) + C(8)*PCE(-1) + C(9)*PCE(-2) + C(10)*PCE(-3) 
 
By using the formula above we can now use the Wald test for non-causality, where the 
null-hypothesis indicates non-causality; through earlier tests, we found that the optimal 
amount of lags is 2, hence we will test for the coefficients of QE (-1) and QE (-2), and 
for the short runt interest rate, we test for SRI (-1), and SRI (-2). 
 
Wald test for QE 
 

  
 

    
    Test Statistic Value df Probability 
    
    F-statistic  3.019410 (2, 119)  0.0526 

Chi-square  6.038820  2  0.0488 
    
        

Null Hypothesis: C(2)=C(3)=0  
 

Table 5 Wald Test for QE 
 
For the null hypothesis test we have: 
 

H0  : QE(-1)=QE(-2)=0  
H1 : QE(-1)=QE(-2)≠0 

 
From the table above, by looking specifically at the Chi-square test value of probability 
(0.0488 or 4.88%), we can reject the null-hypothesis at the 5% level of significance; this 
means that QE does granger cause consumption. 
Since QE has been proved to be significant, we can now discuss the effect of the 
coefficients of the QE variables on consumption. We can thereby, to some extent 
estimate the magnitude that QE has on consumption; For QEt-1 the coefficient is -
0.000121, this means that an increase in 1 unit of QE would cause a decrease (due to 
the negative value) of 0.000121 units on consumption, but this is rather insignificant 
due to the small magnitude that the coefficient has. QEt-2 on the other hand has a 
coefficient of 0.000127, which means that an increase in 1 unit for QEt-2 would result in 
an increase of 0.000127 units in consumption, again this would prove to be rather 
insignificant due to the small magnitude that the coefficient has. 
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Wald test (ISR) 
 

  
 

    
    Test Statistic Value df Probability 
    
    F-statistic  0.893065 (2, 119)  0.4121 

Chi-square  1.786130  2  0.4094 
    
        

Null Hypothesis: C(5)=C(6)=0  
 

Table 6 Wald test for ISR 
For short run interest rate:  
 

H0  : SRI(-1)=SRI(-2)=0 
H1 : SRI(-1)=SRI(-2)≠0 

 
By investigating the Wald table for the short run interest rate, the same as for QE, we 
observe the Chi-square test value, which is 0.4094 or 40.94%, at the 5% level of 
significance we do not reject the null-hypothesis, meaning that short run interest rate 
does not granger cause consumption. 
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Consumption & Long-run interest rate 
 
For our econometric model analysis, we start with the regression (2) model for the 
consumption as the dependent variable and the long run interest rate as one of the 
independent variables as seen in the following regression:  
 
In order for us to run the regression and test for causality, we have to first make sure 
that the data we have can be applicable, so we apply a number of tests and 
configurations in order to make our data useful and make sure that the regression was 
run properly and the right and reliable results were obtained. 
 
 
Stationarity 
 
First we have to test whether our data is stationary or non-stationary, running the 
Augmented Dickey-Fuller test for unit root for each data set does this and the following 
results were obtained: 
 
For the Consumption data we found out that the data obtained was non-stationary at 
the level with test statistic values -0.0075, while the critical value at the 5% level was -
2.8838, with the null-hypothesis indicating that there is a unit root in consumption, thus 
we do not reject the null-hypothesis meaning that the data is non-stationary at the level. 
We ran the same root test but at the first difference level and we obtained that the 
calculated test statistic was equal to –8.9795, while the critical value at the 5% level 
was at -2.8838, this means that we reject the null-hypothesis, meaning that the data is 
stationary. 
 
For the QE data set, we ran the unit root test and obtained the following data for the 
level unit root, a calculated value of -0.0949 and a critical value of -2.8838, again by 
comparing the absolute values we do not reject the null-hypothesis meaning that there 
is a unit root at the level; after running the unit root test at the first difference we find a 
calculated value of -7.4822, and a critical value of -2.8838, meaning that the data is 
stationary at the first level, by rejecting the null-hypothesis. The same was applied on 
the long run interest rate and we found out that the interest rate data was stationary at 
the first difference level as well (calculated value of -1.4429 and a critical value of -
2.8838 for the unit root level, while at the first difference we obtained  -9.2569 as a 
calculated value, while -2.8838 as a critical value). 
 
In order to validate our results even more, we decided to apply another test, which is 
KPSS, where the null hypothesis is the opposite meaning that the null-hypothesis 
indicates that there is stationarity, the following results were obtained: 
 
For Consumption we applied the test on the level difference, and the obtained LM-
statistic was 1.3876, and the critical value at the 5% level was 0.4630, this indicates 
that we reject the null-hypothesis meaning that the data is non-stationary. We ran the 
test again but at the first difference level, and the values obtained we, LM-statistic 
0.1333, and the critical value at the 5% level is 0.4630, this means that we do not reject 
the null-hypothesis meaning that the data is stationary. As for QE, when the test was 
applied on the level constant, the data obtained were, LM-statistic 1.3636, and the 5% 
value 0.4630, thus we reject the null-hypothesis, meaning that the data is non-
stationary. We ran the test again on the first difference level, and the obtained values 
were, LM-statistic 0.1572, and the 5% critical value 0.4630, thus we do not reject the 
null-hypothesis and the data is stationary. The same test was run for the long run 
interest rate and the values obtained were, the LM-statistic was 1.1890, and the critical 
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value at the 5% level was 0.4630, meaning that we reject the null-hypothesis, thus the 
data is non-stationary. After running the test again on the first difference level, we 
obtained the following values, the LM-statistic was 0.0617, the critical value at the 5% 
level was 0.4630, this means that we do not reject the null-hypothesis and the data is 
stationary. After test our data for all the variables using both tests, we now know that 
the data we have at hand is at the first degree of integration. 
 
Multicollinearity 
 
We need to test for multicollinearity to make sure that the significance of the 
independent variables is not affected by each other, testing for the correlation in 
Eviews, and the following table was produced:  
 
 

 QE LRI 
   
   QE  1.000000 -0.825398 

LRI -0.825398  1.000000 
   

Table 7 Correlation test 
 
From the table above we notice a rather high magnitude of correlation (-0.825398); this 
indicates the presence of a negative correlation between the independent variables. 
 
Autocorrelation 
 
We tested for autocorrelation using Breusch-Godfrey Serial Correlation LM Test, and 
the following values were obtained: 

 
  

     
     F-statistic 0.470181     Prob. F(2,117) 0.6261 

Obs*R-squared 1.028542     Prob. Chi-Square(2) 0.5979 
     
     Table 8 Breusch-Godfrey Serial Correlation LM Test 

 
From the table we obtain the Chi-square value of 0.5979 or 59.79%, which means we 
do not reject the null-hypothesis, meaning that there is no autocorrelation between the 
variables. 
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OLS and Wald Test for non-causality 
 
For the econometric regression we used an Ordinary Least Square regression model 
and the following table was produced: 

Dependent Variable: Consumption 
Independent Variables Lags 

 Lag 1 Lag 2 Lag 3 
Constant - 165.104*** - 

 - (1.761) - 
    

QE -0.00012* 0.000071 0.000072 
 (-2.846) (1.023) (1.580) 
    

ILR -1069.743 2734.350 -1210.492 
 (-0.643) (1.166) (-0.771) 
    

Consumption 1.018* 0.077 -0.114 
 (10.511) (0.564) (-1.156) 

Number of observations 
R2 

  129 
0.9988 

Adjusted R2   0.9987 
Akaike info criterion   10.05022 

Schwarz criterion   10.27191 
The T-statistics is represented in brackets 
*, **, *** represent the 1%, 5%, and 10% levels of significance respectively 

 
Table 9 OLS regression with ILR 

 
 

The table above represents our regression, consumptions being the dependent 
variable; the R-squared value of 0.998870, means that the independent variables have 
a 99.89% effect on the dependent variable, the other 0.00113% is due to exogenous 
factors.  
 
Heteroscedasticity 
 
After the OLS table was obtained above, nwe test the data for the variability of the 
dependent variable across the independent variables. In order for us to run a 
heteroscedasticity test, we had to first open our data sets as an equation with the 
consumption variable being the dependent variable, while QE, longt run interest rate, 
and the lagged consumption as the independent variables; the test was done by using 
the Heteroskedasticity Test: Breusch-Pagan-Godfrey, the following results were 
obtained: 
 

 
     
     F-statistic 0.942243     Prob. F(9,119) 0.4915 

Obs*R-squared 8.581287     Prob. Chi-Square(9) 0.4768 
Scaled explained 
SS 10.82681     Prob. Chi-Square(9) 0.2878 

     
     Table 10 Breusch-Pagan-Godfrey Test 
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From the table above we can test for heteroscedasticity by looking at the obs*R-
squared row and especially by looking at the Chi-squares (2) value, which is 0.4768 or 
47.68%, which is higher than the 5% significance level; with a null-hypothesis of 
homoscedasticity and an alternative hypothesis of heteroscedasticity, with the value 
obtained from the table, we do not reject the null-hypothesis meaning the absence of 
heteroscedasticity and the presence of the opposite which is homoscedasticity. 
 
After obtaining the OLS table our regression could be presented with the following 
formula: 
 
PCE = C(1) + C(2)*QE(-1) + C(3)*QE(-2) + C(4)*QE(-3) + C(5)*LRI(-1) + C(6)*LRI(-2) + 
C(7)*LRI(-3) + C(8)*PCE(-1) + C(9)*PCE(-2) + C(10)*PCE(-3) 
 
By using the formula above we can now use the Wald test for non-causality, where the 
null-hypothesis indicates non-causality; through earlier tests, we found that the optimal 
amount of lags is 2, hence we will test for the coefficients of QE (-1) and QE (-2), and 
for the short runt interest rate, we test for LRI (-1), and LRI (-2). 
 
 
 
 
Wald test for QE 
 

  
 

    
    Test Statistic Value df Probability 
    
    F-statistic  5.967860 (2, 119)  0.0034 

Chi-square  11.93572  2  0.0026 
    
        

Null Hypothesis: C(2)=C(3)=0  
 

Table 11 Wald Test for QE 
For the null hypothesis test we have: 
 

H0  : QE(-1)=QE(-2)=0  
H1 : QE(-1)=QE(-2)≠0 

 
From the table above, by looking specifically at the Chi-square test value of probability 
(0.0026 or 0.26%), we can reject the null-hypothesis at the 5% level of significance; this 
means that QE does granger cause consumption. 
  
For this regression, QE has proved to be significant as well; hence we investigate the 
effect of the coefficients on the dependent variable. QEt-1 has a coefficient value of -
0.000123, this means that an increase in 1 unit in QEt-1 would result in a decrease in -
0.000123 units in consumption, this is rather insignificant due to the small magnitude 
that the coefficient has. QEt-2 on the other hand, which has a positive coefficient with 
the value of 7.12E-05, meaning that an increase of 1 unit in QEt-2 would cause an 
increase of 7.12E-05 units in consumption, again this is rather insignificant due to the 
small magnitude of the coefficient. 
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Wald test (ILR) 
 

 
 

    
    Test Statistic Value df Probability 
    
    F-statistic  0.731769 (2, 119)  0.4832 

Chi-square  1.463539  2  0.4811 
    
        

Null Hypothesis: C(5)=C(6)=0  
 

Table 12 Wald Test for ILR 
 
 
For Long run interest rate:  
 

H0  : ILR(-1)=SRI(-2)=0 
H1 : ILR(-1)=SRI(-2)≠0 

 
By investigating the Wald table for the long run interest rate, the same as for QE, we 
observe the Chi-square test value, which is 0.4811 or 48.11%, at the 5% level of 
significance we do not reject the null-hypothesis, meaning that long run interest rate 
does not granger cause consumption. 
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4 Conclusion and final remarks 

The purpose of this paper is to investigate whether the QE practices by the Federal 
Reserve have stimulated consumption in the United States or not. In theory and 
practice part of this paper, we conducted a research on the means through which QE is 
able to affect consumption. We found out that QE has in fact been successful at 
stimulating the risk premium by which the markup adjusts accordingly as the price of 
bonds increases. The increase in the markup put downward pressure on the yield 
curve, which ended up flattening it at the longer-maturity end. The flattening on the 
yield curve should in theory extend credit, which should induce consumption. We 
explained however, that there are more variables related to consumption. For example 
the expected inflation rate, and wage levels. Banks are also potentially facing reserve 
traps, which could limit the extension of credit to consumers, and thus reducing 
consumption. The gap of research stretched between reduction of the yield curve and 
the actual values of consumption. This paper uses an econometric approach to find the 
causality between QE and consumption respectively.  
 
Our econometric research was applied to test if the variables presented in this paper 
had any effect on consumption. Focusing on QE, interest rates where included as an 
alternative variable of interest, thus we know that any change in consumption would 
come from QE, in our tests. So has QE failed or prevailed? Based on our econometric 
model we can with confidence say that QE has stimulated consumption in the United 
State, so in this context it has most definitely prevailed. Interest rates had no significant 
effect on consumption. However in our analysis we found that QE had a rather small 
magnitude of effect on consumption. This discovery still has some significance, 
knowing that the flatter yield curve fails to stimulate consumption. Even though QE 
successfully flattened the yield curve and thus the long-run interest rates, this reducing 
in these rates did not have a significant effect on consumption. The fact that QE does 
affect consumption, but the interest rates do not, it means that there are other variables 
that are influenced by QE and induce consumption. Our research covered the idea that 
expected inflation could be a direct influence on the current consumption rates, which 
is something that invites further research to be conducted. 
 
This paper is nevertheless, limited in the sense that we were unable to identify the full 
extent to which QE had an effect on the U.S.’s real economy since econometric models 
are usually used to determine the significance and relation between numerous 
variables and time series. Furthermore, although plausible channels through which QE 
could work can affect consumption are discussed in this paper, the exact variables that 
lie in between QE and consumption that were influenced are not identified. This is an 
interesting topic for further research. When researching the exact variables that are 
affected by QE which then stimulate consumption, QE programs could perhaps be 
tweaked by which it could affect specific factors more efficiently. Econometric studies 
especially with regard to macroeconomic factors are always subjected to a vast 
number of influences. One can never be completely confident in their results, due to 
social implications. Economics is a social study, which often seems to be ignored by 
econometric models. Determining whether QE is a sound monetary policy cannot be 
concluded from this policy as exit strategies and further potential risks associated with 
QE are still unknown. Our study still provides interesting groundwork for QE as a 
monetary policy in the U.S.. Our research only focuses on one aspect of the GDP, 
which leaves plenty of other pieces to dig into. It just shows how many unexplored 
fields are left for further research. 
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6 Appendix 

 
Appendix 1: QE program schedule 
 
The first wave of this untested monetary expansion conducted by the Federal Reserve 
was announced on November 25th of 2008, where they stated that they would 
purchase up to $100b of agency debt and up to $500b of MBS. These purchases were 
expected to spread over several quarters. On March 18th 2009 the Federal Reserve 
announced an additional purchase of  $750b, reaching up to $1.25t of MBSs. They 
would also add an extra $100b of agency debt reaching a total of $300b. Both MBSs 
and debt would go in action on December 31st of 2009. In addition to this they have 
would purchases up to $300b of long-term Treasury securities at a spread of $75b over 
the next six months, which would go on action on September 30th of 2009. 
 
The second wave of QE was announced on November 3rd of 2010, which states a new 
purchase of $600b of longer-term Treasury securities, which would end by June 30th of 
2012. 
 
During OT, the Federal Reserve aimed to sell or redeem shorter-term Treasury 
securities, with which they could purchase longer-term Treasury securities. On 
September 21st of 2011 the Federal Reserve announced that by the end of June 2012, 
they will sell $400b of Treasury securities with maturities of approximately three years 
or less, and replace these with $400b of Treasury securities with maturities of 6-30 
years. This process of selling shorter-term Treasuries for longer-term Treasuries was 
announced on June 20th 2012 to continue up until December 31st of 2012 (Federal 
Reserve 2012).  
 
The third and final wave of QE was announced on September 13th of 2013, which 
stated that the Federal Reserve would purchase MBSs at a rate of $40b per month with 
the addition that it will continue to conduct Operation Twist throughout the year, 
increasing their ownership of longer-term treasuries in total by $85b. A targeted ending 
date was not specified. Finally, on December 12th of 2012, the Federal Reserve 
announced that the Federal Reserve would purchase MBSs at a rate of $40b per 
month. Their purchases of longer-term Treasury securities at a rate of $45b per month 
once OT ends at yearend (Rosengren, 2015). 
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Appendix 2: Econometric tests 
 
 
Order of integration (testing at the 5% level) Augmented Dickey-Fuller 
LRI--->Level: 
Null Hypothesis: LRI has a unit root  
Exogenous: Constant   
Lag Length: 1 (Automatic - based on SIC, maxlag=12) 

     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -1.442912  0.5593 

Test critical values: 1% level  -3.481217  
 5% level  -2.883753  
 10% level  -2.578694  
     
     *MacKinnon (1996) one-sided p-values.  
     
     
     

First diff. 
 
Null Hypothesis: D(LRI) has a unit root  
Exogenous: Constant   
Lag Length: 0 (Automatic - based on SIC, maxlag=12) 

     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -9.256885  0.0000 

Test critical values: 1% level  -3.481217  
 5% level  -2.883753  
 10% level  -2.578694  
     
     *MacKinnon (1996) one-sided p-values.  
     
     

SRI-->Level 
Null Hypothesis: SRI has a unit root  
Exogenous: Constant   
Lag Length: 1 (Automatic - based on SIC, maxlag=12) 

     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -0.949594  0.7695 

Test critical values: 1% level  -3.481217  
 5% level  -2.883753  
 10% level  -2.578694  
          *MacKinnon (1996) one-sided p-values.  

 
First diff. 
Null Hypothesis: D(SRI) has a unit root  
Exogenous: Constant   
Lag Length: 0 (Automatic - based on SIC, maxlag=12) 
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        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -8.760604  0.0000 

Test critical values: 1% level  -3.481217  
 5% level  -2.883753  
 10% level  -2.578694  
          PCE--->Level 

 
Null Hypothesis: PCE has a unit root  
Exogenous: Constant   
Lag Length: 1 (Automatic - based on SIC, maxlag=12) 

     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic  0.007535  0.9569 

Test critical values: 1% level  -3.481217  
 5% level  -2.883753  
 10% level  -2.578694  
           

First diff. 
 
Null Hypothesis: D(PCE) has a unit root  
Exogenous: Constant   
Lag Length: 0 (Automatic - based on SIC, maxlag=12) 

     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -8.979458  0.0000 

Test critical values: 1% level  -3.481217  
 5% level  -2.883753  
 10% level  -2.578694  
           

QE---->level 
 
Null Hypothesis: QE has a unit root  
Exogenous: Constant   
Lag Length: 1 (Automatic - based on SIC, maxlag=12) 

     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -0.094926  0.9467 

Test critical values: 1% level  -3.481217  
 5% level  -2.883753  
 10% level  -2.578694  
           

First diff. 
 
Null Hypothesis: D(QE) has a unit root  
Exogenous: Constant   
Lag Length: 0 (Automatic - based on SIC, maxlag=12) 
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   t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -7.482200  0.0000 

Test critical values: 1% level  -3.481217  
 5% level  -2.883753  
 10% level  -2.578694  
           

 
 
Kwiatkowski-Phillips-Schmidt-Shin 
 
Consumption---->level 
 
Null Hypothesis: PCE is stationary  
Exogenous: Constant   
Bandwidth: 9 (Newey-West automatic) using Bartlett kernel 

     
         LM-Stat. 
     
     Kwiatkowski-Phillips-Schmidt-Shin test statistic  1.387537 

Asymptotic critical values*: 1% level   0.739000 
  5% level   0.463000 
  10% level   0.347000 
          *Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)  

 
First diff 
 
Null Hypothesis: D(PCE) is stationary  
Exogenous: Constant   
Bandwidth: 6 (Newey-West automatic) using Bartlett kernel 

     
         LM-Stat. 
     
     Kwiatkowski-Phillips-Schmidt-Shin test statistic  0.133323 

Asymptotic critical values*: 1% level   0.739000 
  5% level   0.463000 
  10% level   0.347000 
           

 
LRI--->level 
 
Null Hypothesis: LRI is stationary  
Exogenous: Constant   
Bandwidth: 9 (Newey-West automatic) using Bartlett kernel 

     
         LM-Stat. 
     
     Kwiatkowski-Phillips-Schmidt-Shin test statistic  1.189034 

Asymptotic critical values*: 1% level   0.739000 
  5% level   0.463000 
  10% level   0.347000 
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First diff. 
 
Null Hypothesis: D(LRI) is stationary  
Exogenous: Constant   
Bandwidth: 0 (Newey-West automatic) using Bartlett kernel 

     
         LM-Stat. 
     
     Kwiatkowski-Phillips-Schmidt-Shin test statistic  0.061729 

Asymptotic critical values*: 1% level   0.739000 
  5% level   0.463000 
  10% level   0.347000 
           

QE---->level 
 
Null Hypothesis: QE is stationary  
Exogenous: Constant   
Bandwidth: 9 (Newey-West automatic) using Bartlett kernel 

     
         LM-Stat. 
     
     Kwiatkowski-Phillips-Schmidt-Shin test statistic  1.363603 

Asymptotic critical values*: 1% level   0.739000 
  5% level   0.463000 
  10% level   0.347000 
           

 
 
First diff. 
 
 
Null Hypothesis: D(QE) is stationary  
Exogenous: Constant   
Bandwidth: 1 (Newey-West automatic) using Bartlett kernel 

     
         LM-Stat. 
     
     Kwiatkowski-Phillips-Schmidt-Shin test statistic  0.157175 

Asymptotic critical values*: 1% level   0.739000 
  5% level   0.463000 
  10% level   0.347000 
           

SRI----->level 
 
Null Hypothesis: SRI is stationary  
Exogenous: Constant   
Bandwidth: 9 (Newey-West automatic) using Bartlett kernel 

     
         LM-Stat. 
     
     Kwiatkowski-Phillips-Schmidt-Shin test statistic  1.051466 
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Asymptotic critical values*: 1% level   0.739000 
  5% level   0.463000 
  10% level   0.347000 
           

First diff. 
 
Null Hypothesis: D(SRI) is stationary  
Exogenous: Constant   
Bandwidth: 4 (Newey-West automatic) using Bartlett kernel 

     
         LM-Stat. 
     
     Kwiatkowski-Phillips-Schmidt-Shin test statistic  0.191803 

Asymptotic critical values*: 1% level   0.739000 
  5% level   0.463000 
  10% level   0.347000 
           

Long run Interest rate 
OLS 
 
Dependent Variable: PCE   
Method: Least Squares   
Date: 05/19/16   Time: 22:37   
Sample (adjusted): 2005M04 2015M12  
Included observations: 129 after adjustments  

     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 165.1037 93.75265 1.761057 0.0808 

QE(-1) -0.000123 4.33E-05 -2.846239 0.0052 
QE(-2) 7.12E-05 6.95E-05 1.023367 0.3082 
QE(-3) 7.19E-05 4.55E-05 1.579834 0.1168 
LRI(-1) -1069.742 1664.857 -0.642543 0.5218 
LRI(-2) 2734.350 2345.975 1.165550 0.2461 
LRI(-3) -1210.492 1569.233 -0.771390 0.4420 
PCE(-1) 1.017916 0.096840 10.51132 0.0000 
PCE(-2) 0.076950 0.136382 0.564223 0.5737 
PCE(-3) -0.113551 0.098243 -1.155810 0.2501 

     
     R-squared 0.998870     Mean dependent var 10515.18 

Adjusted R-squared 0.998784     S.D. dependent var 1017.515 
S.E. of regression 35.48092     Akaike info criterion 10.05022 
Sum squared resid 149808.6     Schwarz criterion 10.27191 
Log likelihood -638.2390     Hannan-Quinn criter. 10.14029 
F-statistic 11683.36     Durbin-Watson stat 2.009425 
Prob(F-statistic) 0.000000    

           
 
Estimation Equation: 
========================= 
PCE = C(1) + C(2)*QE(-1) + C(3)*QE(-2) + C(4)*QE(-3) + C(5)*LRI(-1) + C(6)*LRI(-2) + 
C(7)*LRI(-3) + C(8)*PCE(-1) + C(9)*PCE(-2) + C(10)*PCE(-3) 
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Heteroscedasticity 
 
Heteroskedasticity Test: Breusch-Pagan-Godfrey 

     
     F-statistic 0.942243     Prob. F(9,119) 0.4915 

Obs*R-squared 8.581287     Prob. Chi-Square(9) 0.4768 
Scaled explained 
SS 10.82681     Prob. Chi-Square(9) 0.2878 

     
          

Test Equation:    
Dependent Variable: RESID^2   
Method: Least Squares   
Date: 05/19/16   Time: 22:40   
Sample: 2005M04 2015M12   
Included observations: 129   

     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 11280.94 5315.462 2.122288 0.0359 

QE(-1) 0.002652 0.002453 1.081417 0.2817 
QE(-2) -0.006540 0.003942 -1.659043 0.0997 
QE(-3) 0.004456 0.002582 1.725664 0.0870 
LRI(-1) -11864.56 94391.83 -0.125695 0.9002 
LRI(-2) -5107.542 133008.9 -0.038400 0.9694 
LRI(-3) -6734.685 88970.30 -0.075696 0.9398 
PCE(-1) -1.361050 5.490503 -0.247892 0.8046 
PCE(-2) -7.751962 7.732386 -1.002532 0.3181 
PCE(-3) 8.122754 5.570063 1.458288 0.1474 

     
     R-squared 0.066522     Mean dependent var 1161.307 

Adjusted R-squared -0.004078     S.D. dependent var 2007.561 
S.E. of regression 2011.650     Akaike info criterion 18.12565 
Sum squared resid 4.82E+08     Schwarz criterion 18.34734 
Log likelihood -1159.104     Hannan-Quinn criter. 18.21573 
F-statistic 0.942243     Durbin-Watson stat 1.671556 
Prob(F-statistic) 0.491517    

           
 
 
Autocorrelation 
 
Breusch-Godfrey Serial Correlation LM Test:  

     
     F-statistic 0.470181     Prob. F(2,117) 0.6261 

Obs*R-squared 1.028542     Prob. Chi-Square(2) 0.5979 
     
          

Test Equation:    
Dependent Variable: RESID   
Method: Least Squares   
Date: 05/19/16   Time: 22:46   
Sample: 2005M04 2015M12   
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Included observations: 129   
Presample missing value lagged residuals set to zero. 

     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -46.18997 107.2615 -0.430629 0.6675 

QE(-1) 7.50E-07 4.37E-05 0.017168 0.9863 
QE(-2) 6.43E-05 9.80E-05 0.655904 0.5132 
QE(-3) -7.16E-05 8.83E-05 -0.810510 0.4193 
LRI(-1) 124.3738 1679.109 0.074071 0.9411 
LRI(-2) -40.52164 2356.881 -0.017193 0.9863 
LRI(-3) -295.0127 1605.839 -0.183713 0.8546 
PCE(-1) 0.517431 0.542834 0.953203 0.3425 
PCE(-2) -0.747148 0.794781 -0.940067 0.3491 
PCE(-3) 0.235276 0.306299 0.768125 0.4440 

RESID(-1) -0.529137 0.547426 -0.966591 0.3357 
RESID(-2) 0.229108 0.305090 0.750952 0.4542 

     
     R-squared 0.007973     Mean dependent var -1.95E-12 

Adjusted R-squared -0.085294     S.D. dependent var 34.21082 
S.E. of regression 35.63996     Akaike info criterion 10.07322 
Sum squared resid 148614.2     Schwarz criterion 10.33925 
Log likelihood -637.7227     Hannan-Quinn criter. 10.18131 
F-statistic 0.085487     Durbin-Watson stat 1.974914 
Prob(F-statistic) 0.999956    

           
 
Multicollinearity 
 

 QE LRI 
   
   QE  1.000000 -0.825398 

LRI -0.825398  1.000000 
   

Wald Test (QE) 
Wald Test:   
Equation: Untitled  

    
    Test Statistic Value df Probability 
    
    F-statistic  5.967860 (2, 119)  0.0034 

Chi-square  11.93572  2  0.0026 
    
        

Null Hypothesis: C(2)=C(3)=0  
Null Hypothesis Summary:  

    
    Normalized Restriction (= 0) Value Std. Err. 
    
    C(2) -0.000123  4.33E-05 

C(3)  7.12E-05  6.95E-05 
        Restrictions are linear in coefficients. 
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Wald test (LRI) 
 
Wald Test:   
Equation: Untitled  

    
    Test Statistic Value df Probability 
    
    F-statistic  0.731769 (2, 119)  0.4832 

Chi-square  1.463539  2  0.4811 
    
        

Null Hypothesis: C(5)=C(6)=0  
Null Hypothesis Summary:  

    
    Normalized Restriction (= 0) Value Std. Err. 
    
    C(5) -1069.742  1664.857 

C(6)  2734.350  2345.975 
        Restrictions are linear in coefficients. 

 
 
 
 
 
 
 
 
 
Short run interest rate 
OLS 
 
Dependent Variable: PCE   
Method: Least Squares   
Date: 05/19/16   Time: 23:07   
Sample (adjusted): 2005M04 2015M12  
Included observations: 129 after adjustments  

     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 212.3194 87.69135 2.421213 0.0170 

QE(-1) -0.000121 5.54E-05 -2.188819 0.0306 
QE(-2) 0.000127 0.000103 1.238403 0.2180 
QE(-3) 1.86E-05 6.52E-05 0.284493 0.7765 
SRI(-1) 1543.239 1957.627 0.788321 0.4321 
SRI(-2) -3447.838 2839.387 -1.214289 0.2270 
SRI(-3) 2236.197 1492.843 1.497945 0.1368 
PCE(-1) 1.027407 0.095902 10.71306 0.0000 
PCE(-2) 0.116429 0.134461 0.865889 0.3883 
PCE(-3) -0.167558 0.095079 -1.762305 0.0806 

     
     R-squared 0.998879     Mean dependent var 10515.18 

Adjusted R-squared 0.998795     S.D. dependent var 1017.515 
S.E. of regression 35.32759     Akaike info criterion 10.04156 
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Sum squared resid 148516.6     Schwarz criterion 10.26325 
Log likelihood -637.6803     Hannan-Quinn criter. 10.13163 
F-statistic 11785.11     Durbin-Watson stat 2.012791 
Prob(F-statistic) 0.000000    

           
Estimation Equation: 
========================= 
PCE = C(1) + C(2)*QE(-1) + C(3)*QE(-2) + C(4)*QE(-3) + C(5)*SRI(-1) + C(6)*SRI(-2) 
+ C(7)*SRI(-3) + C(8)*PCE(-1) + C(9)*PCE(-2) + C(10)*PCE(-3) 
 
Heteroscedasticity 
 
Heteroskedasticity Test: Breusch-Pagan-Godfrey 

     
     F-statistic 1.496547     Prob. F(9,119) 0.1569 

Obs*R-squared 13.11621     Prob. Chi-Square(9) 0.1574 
Scaled explained 
SS 17.38395     Prob. Chi-Square(9) 0.0430 

     
          

Test Equation:    
Dependent Variable: RESID^2   
Method: Least Squares   
Date: 05/19/16   Time: 23:09   
Sample: 2005M04 2015M12   
Included observations: 129   

     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 11300.70 4977.298 2.270449 0.0250 

QE(-1) 0.004558 0.003145 1.449364 0.1499 
QE(-2) -0.012592 0.005834 -2.158260 0.0329 
QE(-3) 0.008624 0.003702 2.329840 0.0215 
SRI(-1) -142834.7 111113.5 -1.285485 0.2011 
SRI(-2) 142119.9 161161.6 0.881847 0.3796 
SRI(-3) -15562.20 84732.69 -0.183662 0.8546 
PCE(-1) 0.294940 5.443345 0.054184 0.9569 
PCE(-2) -9.563313 7.631924 -1.253067 0.2126 
PCE(-3) 8.222922 5.396623 1.523716 0.1302 

     
     R-squared 0.101676     Mean dependent var 1151.292 

Adjusted R-squared 0.033736     S.D. dependent var 2039.872 
S.E. of regression 2005.169     Akaike info criterion 18.11919 
Sum squared resid 4.78E+08     Schwarz criterion 18.34088 
Log likelihood -1158.688     Hannan-Quinn criter. 18.20927 
F-statistic 1.496547     Durbin-Watson stat 1.575790 
Prob(F-statistic) 0.156862    

           
Autocorrealtion 
 
Breusch-Godfrey Serial Correlation LM Test:  

     
     F-statistic 0.713580     Prob. F(2,117) 0.4920 
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Obs*R-squared 1.554574     Prob. Chi-Square(2) 0.4597 
     
          

Test Equation:    
Dependent Variable: RESID   
Method: Least Squares   
Date: 05/19/16   Time: 23:09   
Sample: 2005M04 2015M12   
Included observations: 129   
Presample missing value lagged residuals set to zero. 

     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -65.10602 112.5890 -0.578263 0.5642 

QE(-1) 4.49E-06 5.59E-05 0.080300 0.9361 
QE(-2) 6.24E-05 0.000123 0.507704 0.6126 
QE(-3) -7.37E-05 0.000104 -0.710592 0.4788 
SRI(-1) 112.0432 1964.735 0.057027 0.9546 
SRI(-2) -1854.635 3257.933 -0.569267 0.5703 
SRI(-3) 1668.737 2062.079 0.809250 0.4200 
PCE(-1) 0.240511 0.435372 0.552426 0.5817 
PCE(-2) -0.015087 0.551397 -0.027362 0.9782 
PCE(-3) -0.219108 0.264692 -0.827784 0.4095 

RESID(-1) -0.255576 0.439169 -0.581953 0.5617 
RESID(-2) -0.246962 0.266333 -0.927267 0.3557 

     
     R-squared 0.012051     Mean dependent var -3.46E-13 

Adjusted R-squared -0.080833     S.D. dependent var 34.06297 
S.E. of regression 35.41293     Akaike info criterion 10.06044 
Sum squared resid 146726.8     Schwarz criterion 10.32647 
Log likelihood -636.8983     Hannan-Quinn criter. 10.16853 
F-statistic 0.129742     Durbin-Watson stat 2.015878 
Prob(F-statistic) 0.999652    

           
 
 
 
 
 
Multicollinearity 
 

 QE SRI 
   
   QE  1.000000 -0.819409 

SRI -0.819409  1.000000 
   

 
Wald test (QE) 
 
Wald Test:   
Equation: Untitled  

    
    Test Statistic Value df Probability 
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F-statistic  3.019410 (2, 119)  0.0526 
Chi-square  6.038820  2  0.0488 

    
        

Null Hypothesis: C(2)=C(3)=0  
Null Hypothesis Summary:  

    
    Normalized Restriction (= 0) Value Std. Err. 
    
    C(2) -0.000121  5.54E-05 

C(3)  0.000127  0.000103 
        Restrictions are linear in coefficients. 

 
Wald test (SRI) 
 
Wald Test:   
Equation: Untitled  

    
    Test Statistic Value df Probability 
    
    F-statistic  0.893065 (2, 119)  0.4121 

Chi-square  1.786130  2  0.4094 
    
        

Null Hypothesis: C(5)=C(6)=0  
Null Hypothesis Summary:  

    
    Normalized Restriction (= 0) Value Std. Err. 
    
    C(5)  1543.239  1957.627 

C(6) -3447.838  2839.387 
        Restrictions are linear in coefficients. 

 
 
 
 
 


