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Abstract 

 

Conventional monetary policy has traditionally been conducted through changes in the interest 

rate, in order to adjust the economy back to equilibrium by targeting stable inflation and prices. 

However, after the financial crisis in 2008, many central banks found themselves in the Zero 

Lower Bound, where interest rates were close to zero and conventional expansionary monetary 

policy was therefore ineffective. In order to combat this problem, central banks turned to 

quantitative easing (QE), which essentially boils down to large-scale asset purchases (LSAP’s) 

pursued by the central bank, resulting in increased liquidity in markets, with the purpose of 

stimulating the economy. 

This paper analyses the Federal Reserve Banks (FED) LSAP’s and how this has affected stock 

prices in the US. In doing this, the size of the FED’s balance sheet is used, since it directly 

captures the size of the LSAP’s and therefore acts as measurement of QE as conducted by the 

FED. Regarding stock prices, the Standard and Poor’s 500 stock index is used, which represents 

500 major firms in the US. The analysis is carried out by using the Error Corrected (EC) version 

of the Autoregressive distributed-lagged model (ADL), with the purpose of evaluating the 

existence of a long-run relationship between the variables in the econometrical model. The 

results show that there is a statistically significant positive long-run relationship between the 

FED’s balance sheet and stock prices.   

 

Key words: quantitative easing, large-scale asset purchases, FED, stock prices, error correction 

model, autoregressive distributed-lagged model 
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1. Introduction 
 

1.1. Introduction and purpose 

The aftermath of the 2008 financial crisis has left central banks in an unusual situation. While 

inflation targeting and price stability are still the main goals, the policies conducted in order to 

reach these goals have seen some fundamental changes after 2008. The major issue for central 

banks becomes apparent when the overnight interest rates which the central bank chooses 

approaches zero, hitting the Zero Lower Bound (ZLB). Here the risk of a liquidity trap1 arises, 

causing the central bank to take unconventional measures to help the economy in avoiding this 

scenario, since the conventional expansionary method of lowering the interest rate is ineffective 

at this point. In this scenario, one could either lower the interest rates below zero, or as Bernanke 

et al. (2004) thoroughly explained pre-2008, committing to large-scale asset purchases 

(LSAP’s) in order to stimulate the economy, as was the case for the Federal Reserve Bank (the 

FED) after the crisis in 2008. These methods of unconventional expansionary monetary policies 

(specifically those pursued by the FED)2 are what is referred to as quantitative easing (QE), a 

term first used in Japan when the Bank of Japan (BOJ) hit the ZLB in 2001 and started 

purchasing large amounts of treasury securities and adding liquidity to markets in order to boost 

their economy. Henceforth, when QE is mentioned in this paper, it refers specifically to the 

LSAP’s conducted by the FED, where the measurement for QE is the size of the FED’s balance 

sheet3. Also, the terms QE and money supply are used interchangeably in this paper, especially 

when presenting the theoretical framework, since conducting QE means adding liquidity to 

markets through LSAP’s, and therefore increasing the money supply. 

The purpose for this paper is to study how the policies regarding the LSAP’s from the FED has 

affected stock prices, and whether a long-run relationship between these variables exists. The 

analysis is separated in two parts; one for the period after the financial crisis in 2008, when the 

FED initiated QE, and the second part is the period before 2008, when QE had not yet been 

implemented in the US and the FED’s balance sheet was not as relevant as it is today (when 

analysing monetary policy). The second part, covering 2003-2008, has been selected so that the 

 
1 Here, since rates are at zero, the public would instead save their money rather than spending it or investing in 
e.g. treasury bonds since these would yield close to zero in real profits. The liquidity trap is further discussed in 
section 3 
2 See Fawley & Neely (2013) for an introduction on QE in other regions 
3 This is because the balance sheet shows the size of QE directly, both by observing the size of the balance 
sheet but also its composition 
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recession following the dotcom bubble in the early 2000’s does not affect the results. 

Additionally, since QE has only been implemented for the last ten years (in the US), the sample 

size for the model is relatively thin. This causes some potentially significant empirical issues, 

however using a similar approach as Lima et al. (2014), the econometric model used in this 

paper is selected so that the issue with the sample size is mitigated to some degree. Additionally, 

stock prices are represented by the Standard and Poor’s 500 stock index (S&P500). 

The time-series model used in this paper is the Error Correction (EC) version of the 

Autoregressive Distributed-Lagged model (ADL); the ECM (Error correction model). Initially, 

the Bounds test for cointegration in the variables (see Pesaran et al. (2001)) is used to check for 

cointegration between the variables in order to able to estimate their long-run relations. 

Thereafter, the ECM presents both the short- and long-run results, including the speed of 

adjustment between the variables in order to reach an equilibrium in the long-run4. The 

advantage of this model is that it can be used for small sample sizes (see Pesaran & Shin (1998)), 

making it appropriate for this paper. The results from the ECM, for the data-sample covering 

the period when QE was conducted (2009Q1-2018Q4), shows that there is a significant positive 

long-run relationship between the size of the FED’s balance sheet and stock prices from 

S&P500. Additionally, the paper attempts to contribute to the topic of QE and stock prices by 

analysing the results following section 6 e.g. by first discussing some inadequacies of the model 

and the variables used, along with some potential consequences in the long-run equilibrium 

with regards to the FED’s open market interventions after the financial crisis in 2008. 

Specifically, the discussion concerns the existence of a long-run relationship and what potential 

consequences this might have for the stock market, for example; whether the long-run results 

imply that markets have become too dependent on the FED’s open market interventions, and 

whether this causes stock prices to deviate from their fundamental value which investors have 

assigned them. 

 

 

 

 

 
4 See section 5 for more detailed explanations on the models and the accompanying tests  
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1.2. Background 

As mentioned previously, QE was first introduced in Japan during 2001-2006 when the BOJ 

had pushed interest rates close to zero. In order to avoid deflation, they intervened in open 

markets and purchased not only treasury securities, but also equities and asset-backed securities. 

Ugai (2006) provides a comprehensive overview on the matter and concludes that while no real 

growth was experienced due to QE, it did however increase future stability on financial markets 

by adding liquidity to the system.  

After the crisis of 2008, in addition to buying primarily treasury securities, some central banks 

also pushed their interest rates below zero (e.g. the European Central Bank (ECB), the Swedish 

Riksbank, Denmark’s Nationalbank, etc.). This, however, was not the case for the FED in the 

US. The FED had a different approach in stimulating the economy, mainly by increasing the 

size of their balance sheet, but also by changing the composition of the assets held. This is 

explained in Bernanke et al. (2004), where in addition to the importance of the size and 

composition of the balance sheet, a third component concerning communication to markets is 

mentioned as the essential tools for conducting effective monetary policy at the ZLB. In 

addition to this, Blinder (2010), Bernanke (2012) and Joyce et al. (2012) explicitly mentions 

the necessity for imperfect substitutability in the assets when conducting QE. The importance 

of imperfect substitutability is further explained in section 3 and mentioned regularly 

throughout the paper. It refers to, in this case, investors being indifferent between holding 

money and treasury securities (such as treasury bonds). At the extreme, treasuries bought by 

the central bank becomes perfect substitutes to federal reserves (money), therefore making QE 

ineffective in boosting the economy. This is why imperfect substitutability is essential when 

conducting QE. 

As seen in figure 1, the FED’s balance sheet has consisted of up to 40% in mortgage-backed 

securities (MBS) since mid-2015, this is in addition to the amount of treasuries held. The 

composition of the balance sheet presented below is consistent with the principles in Bernanke 

et al. (2004) mentioned previously, as it doesn’t solely consist of treasury securities.  
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Figure 1, Total assets in FED’s balance sheet on the left Y-axis (including MBS and treasury securities 

separately), and the S&P500 index values on the right Y-axis 

The movements in the S&P500 (right Y-axis in figure 1) shows an upwards trend following the 

changes in the size of the FED’s balance sheet (left Y-axis). Bernanke (2012) mentions that 

stock prices (among other economic variables) has in fact increased due to the variation in 

LSAP’s pursued by the FED, specifically through the MBS and lowering the risk premiums on 

those assets5. Note that the variables used in the econometrical model in this paper only analyses 

the total size of the FED’s balance sheet and not MBS specifically.  It is however important to 

realize that the purchase of MBS was, as stated earlier, an important part in the FED’s plan 

when pursuing QE6. MBS is part of the monetary policy (QE) pursued by the FED, where the 

policy as a whole is measured by observing the size of the FED’s balance sheet. 

 

1.3. Outline of the paper 

This section has provided the purpose and contribution of the paper, along with a brief review 

on quantitative easing and the reasoning behind it. Section 2 presents a review on existing 

studies regarding monetary policy, QE, and stocks. Section 3 provides the theoretical 

framework for this paper, while section 4 and 5 presents the data and explains the methodology 

of the paper, including the econometrical model and its relevant aspects. Section 6 present the 

results, while section 7 concludes the paper with some discussion on the model, results, and the 

subject of this paper itself.   

 

 
5 To see why the risk premium has this inverse relation with prices, see section 3.3.2.  
6 Again, this is related to the need for imperfect substitutability 
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2. Literature review 
 

This section begins by introducing the relationship between monetary policy and 

stocks/financial markets by briefly covering previous relevant papers on the subject and their 

results. The papers are chosen with the purpose of giving the reader a clear overview on how 

monetary policy is expected to influence stock prices and covering as many of the necessary 

viewpoints as possible. Thereafter, some papers regarding QE specifically will be discussed, 

and how the relatively short experience of conducting QE in modern economies are causing 

differences of opinion in estimating the effects of it. The section concludes by covering two 

papers where the valuation of stocks with regards to monetary policy is discussed.  

 

2.1. Monetary Policy and stocks 

Since expected policy changes are often incorporated in the present value of assets such as 

stocks, it is perhaps more relevant to observe how shocks in monetary policy has affected 

financial markets, primarily stocks.  

Bernanke & Kuttner (2005) analyses how unexpected changes in the federal funds rate affects 

the stock market. They use a vector autoregression (VAR) model to capture how the market 

reacts to unexpected policy changes, and their study finds that large stock indices such as the 

CRSP Total Market Index has an inverse relationship with the federal funds rate. Specifically, 

they show that a 0.25% increase in the federal funds rate causes a 1% drop in the CRSP index. 

Rigobon & Sack (2003) argues that asset prices in themselves affect interest rates, as does other 

variables such as news on economic outlook, and this endogeneity issue must be addressed 

when conducting an analysis. They apply a method called identification through 

heteroskedasticity7 and find the same inverse relationship as Bernanke & Kuttner (2005) 

between short-term interest rates and large stock indices as the Nasdaq index and S&P500. To 

add some variability in measuring the responses of financial markets to unexpected policy 

changes, Bekaert et al. (2013) uses a different approach and studies how the Market Volatility 

Index8 (usually referred to as VIX) reacts to changes in monetary policy. They find that an 

 
7 This technique solves the issue with identification that arises when working with simultaneous-equation 
models (see Rigbon (2003))  
8 VIX, the Market volatility index, follows the real-time value on options against the S&P500. Since options are 
used to hedge an investors portfolio against risk/volatility, the VIX is frequently used as an index to measure 
risk/fear in the stock market (hence the commonly used name risk/fear index)  
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expansionary and “lax” monetary policy lowers the VIX, meaning uncertainty in investors 

decreases. Their study provides a different way of identifying stock market reaction to changes 

in monetary policy.  

 

2.2. Quantitative easing and stocks 

As was explained in the previous section of this paper, QE was introduced when central banks 

hit the ZLB, which happened in Japan first. Nakazono & Ikeda (2016) attempts to capture the 

effects of QE in Japan and finds that stock prices decreased during 2001-2006. Ugai (2007) 

makes the argument that while QE did not have any real impact on interest rates, it did increase 

stability in financial markets as the money stock grew considerably.  

The FED has pursued QE since early 2008, and as they hit the ZLB in late 2008, the expansion 

of their balance sheet started to grow significantly. Recall that quantitative easing is best 

captured by merely observing the FED balance sheet9 (see figure 1). Different from the case in 

Japan, the US stock market appeared to have reacted positively to these expansionary monetary 

policies. Lima et al. (2016) measures the effects of QE on stock indices in the US, UK and 

Japan by using the money supply (M1, M2 and M3) as an explanatory variable in their empirical 

model. They use an autoregressive distributed-lagged (ADL) model and find a positive long-

run relationship between the money supply and stock indices in the US for the period 2008-

201410. Al-Jassar & Moosa (2019) also studies how US stocks have been affected by QE 

through a structural time series model. Their study finds that, although there is a strong positive 

correlation between the FED’s balance sheet and stock prices, effects from trends and cyclical 

variation is also key when interpreting the results. Bhar et al. (2015) uses a decision tree 

methodology11 to capture the effect of QE on the stock market. Their analysis finds that all three 

rounds12 of QE has had a positive impact on US stock prices.  

 

 
9 In addition to this, the composition of assets on the balance sheet is highly significant as explained throughout 
this paper, with regard to imperfect substitutability.  
10 The results for Japan were not as conclusive, depending on which variables were included in the model. The 
UK showed a positive relationship between money supply and stock index values.  
11 The authors briefly explain this methodology, which is derived from data mining procedures where the 
existence of patterns in a data-sample is tested for. Decision trees is one of the techniques for this method on 
data mining.  
12 The FED conducted QE in three rounds, QE1 was initiated in November 2008, QE2 was announced in 
November 2010, and QE3 was announced in September 2012 
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2.3. Stock valuation and money supply 

So far, this section on the literature review has studied how monetary policy and QE specifically 

can be expected to affect stock prices (depending on the methodology). To conclude this 

section, a brief overview on papers regarding the theoretical support for the relationship 

between money supply and stock prices is presented13. 

It is commonly agreed that present stock prices usually have their expected earnings and 

dividends incorporated in their current value, and therefore these components play a key role 

in determining how much the stock is worth at the date of purchase. Homa & Jaffe (1971) 

presents some significant results in estimating the effects of an increasing money supply and 

how it affects stock prices. In their stock price formula, they use expected dividends, the risk-

free rate, and the risk premium. Although, they stress that dividends are, naturally, directly 

affected by the firm’s expected earnings. The risk-free rate affects earnings/dividends 

negatively through the interest rates, and the risk premium also has a negative effect on earning 

when the money supply grows. These relations are explained thoroughly in the next section of 

this paper regarding the theoretical framework, which is why they won’t be discussed any 

further here.  

Using standard regression analysis, Homa & Jaffe (1971) develop a stock price equation where 

money supply is included in its present and lagged (one quarter) form. The model appears to 

have a good fit and explains most of the variation (𝑅2 = 0.968). The authors continue their 

study by simulating different scenarios based on an investor’s predictability of the growth of 

the money supply. One of the results show that if an investor would have perfectly predicted 

the growth in money supply, he/she would have done far better than someone who would have 

just bought stocks and held them for the time-period observed. Their results might seem 

obvious, however it shows that money supply appears to have a real and significant effect on 

stock prices, which was supported by their stock valuation formula, and that investors should 

take this into account when making investment choices. 

Hamburger & Kochin (1972) takes a slightly different approach and uses expected earnings 

instead of dividends, and the data used stretches back to 1871. The stock valuation formula used 

in their study therefore only differs in the nominator from the one used in Homa & Jaffe (1971). 

The formula used in this paper is the same as in Hamburger & Kochin (1972), which can be 

 
13 Note that, as mentioned in the Introduction, money supply is meant to capture QE, since the FED adds 
liquidity to markets when conducting QE, which is done by purchasing assets in open markets 
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found in section 3.2., equation 1. Similar to Homa & Jaffee (1971), they also find a negative 

relation between earnings and both the risk-free rate and the risk premium when increasing the 

money supply. Again, this is explained in more detail in the next section of this paper. 

Additionally, they find that, contrary to others, the money supply also has a short-term effect 

on stock prices.  

Keran (1971) develops the stock valuation formula with dividends (similar the one used in 

Homa & Jaffe (1971)) to incorporate a firm’s investments in their capital as well. Keran argues 

that expected earnings plays a key role in the valuation of a stock, and therefore only using 

expected growth in dividends might omit some components regarding the valuation of the stock. 

Here, the argument is that firms don’t necessarily pay out dividends as a result of them making 

a profit. These profits/earnings can be reinvested within the firm to increase their future capital 

gains which would eventually result in both earnings and dividends growing (if the right 

investments are made).  

In conclusion, these aforementioned papers show that money supply indeed has a positive effect 

on stocks, which mainly works through a positive effect on expected earnings and a negative 

effect on the risk premium and risk-free rate. With the arguments made in Keran (1971) 

regarding reinvestments of earnings and not using (only) dividends, the stock price formula 

used in this paper follows the one presented in Hamburger & Kochin (1972), where expected 

earnings are used instead of expected growth in dividends14. This formula is expressed in 

section 3.2., equation 1.  

 

 

 

 

 

 

 
14 Optimally, the stock price formula presented in Keran (1971) would have been used in this paper, however it 
would not possible considering the time-frame available for this study.  
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3. Theoretical framework 
 

This section includes theories with regards to stock valuation and how QE is expected to 

influence equity prices in an economy. First, a brief explanation concerning the case for QE 

(especially as conducted by the FED) is given, with regards to some theoretical support and 

relevant papers. Second, an overview on the method for stock valuation chosen for this paper 

is presented, followed by further explanations on how different variables react to an increasing 

money supply in the economy (again, as mentioned earlier in this paper, QE is represented in 

the increasing supply of money). Lastly, a modified version of the IS-LM model is presented 

(ISQQ), including the relevant variables discussed formerly, with the purpose of giving a 

graphical illustration on how QE affects equity prices. Figure 2 describes the idea on how the 

money supply affects stock prices, while also providing an overview on the topics to be covered 

here. Figure 2 can be related to section 3.2. through all subsections in 3.3., making it easier to 

interpret the explanations given in those sections. 

 

 

 

 

 

 

3.1. Imperfect substitutability and the portfolio balance channel 

In order to understand the reasoning behind QE, it is necessary to briefly review how monetary 

policy works at the Zero lower bound (ZLB) and why QE (potentially) mitigates the risk of a 

liquidity trap. Note that a liquidity trap in this context specifically refers to perfect 

substitutability in the ZLB, implying that buying treasury securities at this point has no effect, 

since the rates at this scenario are too low. Blinder (2010) and Joyce et al. (2012) expands on 

this issue, following the principle of purchasing imperfect substitutes explained by Bernanke et 

al. (2004) before the FED pursued QE. As Blinder (2010) puts it, “…buying X and selling Y 

does nothing if X and Y are perfect substitutes”. 

Bernanke et al. (2004) offers a comprehensive study on QE before the 2008 financial crisis, 

where one of the three “classes” of policies includes variations in the assets of the central bank’s 

Money 
supply

Liquidity

Risk 
premium

Stock 
prices

Earnings

Figure 2, money supply and its channels of influence on stocks 
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balance sheet (changing the composition)15. For this reason, the FED could not keep buying 

treasuries, and instead started purchasing large amount of MBS (see figure 1 in Introduction). 

Bernanke (2012) argues that this affects asset prices (including stock prices) through the 

portfolio balance channel; as the FED bought different classes of assets, the risk, 

availability/supply, and price of those assets changed. The idea was that if the FED bought 

assets which are “different” enough, investors would have to bid up prices in order to rebalance 

their portfolio, since the FED had intervened in those markets where investors purchase these 

same assets. Consequently therefore, prices increased since the supply of those assets which 

were part of the investors diversified portfolio had decreased after the FED made their 

purchases. This is how imperfect substitutability works through the portfolio balance channel 

and eventually affects asset prices.  

 

3.2. Stock valuation 

Here, the aim is to present a model for how stock prices are determined with respect to variables 

used later in the model for QE. The commonly used fundamental pricing model presented in 

Hamburger & Kochin (1972) is used in this paper16; 

 
𝑆0 = ∑

𝐸𝑡

(1 + 𝑟𝑓,𝑡 + 𝑅𝑝,𝑡)𝑡

∞

𝑡=0

 
(1) 

 

 

Where 𝑆0 is the price of the stock at time 0, 𝐸𝑡 expected earnings at time 𝑡, 𝑟𝑓,𝑡 is the risk-free 

interest rate, and 𝑅𝑝,𝑡 is the risk premium.  

The purpose of the sections to follow is to show how these variables presented here are affected 

by an increase in the money supply, denoted as 𝑀𝑡. The aim for the following sections is to 

present enough theoretical support to show why the following partial derivatives might exist; 

 

𝜕𝑟𝑓

𝜕𝑀
< 0 

(2) 𝜕𝑅𝑝

𝜕𝑀
< 0 

(3) 𝜕𝐸

𝜕𝑀
> 0 

(4) 

 

 
15 The three classes, as mentioned earlier in this paper, is: expanding and changing the central bank’s balance 
sheet, and communication on future interest rate in order to shape public expectations.  
16 See section 2.3. for a detailed review of the paper by Hamburger & Kochin (1972) and others. 
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Eventually resulting in; 

 𝑑𝑆0

𝑑𝑀𝑡
> 0 

(5) 

 

 

3.3. Impacts of increasing the supply of money (𝑀𝑡) 

3.3.1. QE and the risk-free rate of return (𝑟𝑓)  

Firstly, the effect on the risk-free rate is best observed when studying treasury bonds 

(henceforth simply referred to as bonds) and their future returns. In comparison to stocks and 

other investments where the future rate of return is uncertain, a bond is the safest investment an 

investor can make since the future return on the bond (the bond yield) is already decided and 

guaranteed by the government (the US government and their treasury bonds for the purpose of 

this paper), hence the risk-free rate of return is often given by the current bond yields.  

Much can be said about bonds (especially with respect to their different maturities) and their 

predictability for future economic outlook, however, the fact that they are considered risk-free 

is something most investors would agree with17. Simply put, the holder of a bond has to pay the 

bond price to own the bond, and then continually receiving regular payments (coupon 

payments), usually on an annual basis, for holding the bond. Roughly speaking, these two 

components are the main drivers of the bond yield18. This can be expressed, in the simplest 

way, as follows; 

 
𝒓𝒇 (𝐵𝑜𝑛𝑑 𝑦𝑖𝑒𝑙𝑑) =

𝑪 (𝐶𝑜𝑢𝑝𝑜𝑛 𝑝𝑎𝑦𝑚𝑒𝑛𝑡𝑠, 𝑢𝑠𝑢𝑎𝑙𝑙𝑦 𝑜𝑛 𝑎𝑛 𝑎𝑛𝑛𝑢𝑎𝑙 𝑏𝑎𝑠𝑖𝑠)

𝑸 (𝐵𝑜𝑛𝑑 𝑝𝑟𝑖𝑐𝑒)
 

(6) 

 

Here, consider the case where the FED intervenes on the bond market and purchases large 

amount of these treasury bonds. This would cause the supply/availability of these bonds to the 

 
17 The only real threat to the bond yield is the rate of inflation. Since bond yields are usually low due to the 
minimal risk it exposes an investor to, the inflation rate can in some extreme cases rise higher than the bond 
yield, resulting in a net negative return for the bondholder.  
18 Since treasury bonds comes in varying maturities, ranging from 2 to 30 years, the holder of the bond for 
longer maturities is bound to the investment for a longer period of time. This poses some potential risk since 
there is more room for uncertainty in 30 years rather than 2 years. Hence, for bonds with longer maturities, a 
liquidity premium is sometimes offered, to compensate the investor for committing to long-term investment. 
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public to decrease, while demand is unchanged or perhaps even increases19. This affects the 

price of the bonds, since the demand relative to the supply has increased, causing investors to 

bid up the price. Since the coupon payments are fixed, an increase in the price would cause the 

bond yield to decrease, as can be observed in equation 6. Here, the connection is made between 

the FED buying bonds, which is equivalent to them increasing the money supply, and how it 

affects the bond yields, as explained above. Therefore, it can be argued that the first partial 

derivative exists (eq. 2; 
𝜕𝑟𝑓

𝜕𝑀
< 0) through this mechanism of supply and demand, and increase 

in liquidity. 

 

3.3.2. QE and the risk premium (𝑅𝑝) 

Now that the effect from money supply on the risk-free rate of return has been concluded, the 

next step is to provide an explanation for how the risk premium on assets affect the asset price. 

The risk premium captures the investors demand for additional return as a compensation for 

holding a risky asset for some period of time. Since the investor can always buy bonds and earn 

a guaranteed future return, there is no incentive to invest in riskier assets if there is no additional 

expected return from that asset. This is why investors demand a risk premium on risky 

investments. The consensus is that lower risk premiums are followed by higher prices, which 

intuitively makes sense; if an asset is deemed less risky than before, while the expected return 

is still the same, investors demand for that asset will increase since they dislike risk, leading to 

an increase in the price since investors are now bidding up the price.  

The expected return for a stock is determined by evaluating the expected future stock price and 

dividends. This can be formulated as follows; 

 
𝑟𝑒 =

𝑃𝑡+1
𝑒 − 𝑃𝑡

𝑃𝑡
+

𝑑𝑖𝑣𝑖𝑑𝑒𝑛𝑑𝑠

𝑃𝑡
 

(7) 

 

Implying that, for example, if the market expects the price for stock 𝑖 to increase from 100 to 

120 USD the next year, including dividends of 5 USD per share, the expected return is; 

𝑟𝑖
𝑒 =

120 − 100

100
+

5

100
= 0.25 = 25% 

 
19 Depends on how the investors interprets and reacts to these interventions 
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Whereas the risk premium is expressed as the difference between expected return and the risk-

free rate of return, since this is what an investor demands as compensation for taking on risk; 

 𝑅𝑝 = 𝑟𝑒 − 𝑟𝑓 (8) 

 

Rearrange to capture the effect of the risk premium more clearly; 

 𝑟𝑒 = 𝑅𝑝 + 𝑟𝑓 (9) 

 

Now, it is clear from eq. 9 that if the risk premium decreases, the expected return on the 

investment/asset has to decrease. Consequently, this suggest that, all else equal, the current 

price of the asset (𝑃𝑡) has increased, as seen in eq. 7. Here, it is important to keep in mind that 

the example only illustrates the effects on the price of a stock when the risk premium is lowered. 

It is therefore crucial to remember that expected earnings and dividends are fixed, since it is 

only the risk of the assets which has changed. It is through this mechanism that the second 

partial derivative is supported (eq. 3; 
𝜕𝑅𝑝

𝜕𝑀
< 0). 

This section has shown the effect of lower risk premium on stock prices. Lower risk premium 

is obtained by purchasing securities on open markets, which is done by conducting QE as FED 

has done, which also leads to more liquidity in the economy (money supply increases). As many 

have argued (e.g. Bernanke et al. (2004); Blinder (2010); Gagnon et al. (2011)) this relation 

between prices and lower risk premium was highly relevant when the FED initiated its LSAP’s. 

For this to work, imperfect substitutability was essential, as has already been mentioned earlier 

in this paper. When the FED purchased a variety of assets on the markets, these assets were 

now backed by a federal institution and were therefore deemed less risky than before. This, 

according to the previously mentioned authors in this section and many others, has been seen 

as the most significant contributor to the shift in lower risk premium on markets. 

 

3.3.3. QE, earnings, and GDP 

Increasing the money supply is expected to have an expansionary effect on the economy as a 

whole. This section gives a brief review on why an increasing money supply has these 

expansionary effects and why it eventually leads to higher earnings for firms. GDP and earnings 
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Figure 4, IS-LM model Figure 3, deriving the LM curve 

will be explained in a simultaneous manner in the coming section, as they are intertwined in a 

natural way and affect each other. 

Looking at output/GDP, the IS-LM (Investment-Savings and Liquidity preference-Money 

supply) curve is perhaps the most appropriate model for capturing the effects; 

 

 

 

 

 

 

Figure 3 shows how the LM curve is derived, and how an increasing supply of money affects 

the interest rate, and further how the LM-curve shifts in the IS-LM model presented in figure 

4. Here, it is apparent that output and investments increases when increasing the money supply. 

As output and investments increase, as a result of low interest rates and increased liquidity, 

consumers demand more and firms produce more, investments increase due to low interest 

rates, wages increase due to increased demand for labour, the marginal propensity to consume 

increases as wages increase, etc. When firms produce more, their revenue increases and 

naturally, the value of their stock increases, making it more attractive to investors.  

These effects are surely familiar to any student of economics, however a brief review on these 

mechanisms in the economy was perhaps still necessary for this paper to become complete and 

not leave any unnecessary gaps. In addition to the walkthrough above, Asako & Liu (2013) 

observes in their empirical model that between interest rates and GDP, GDP appears to have 

the largest effect on stock prices. For further discussion on how increasing the money supply 

has expansionary effects on GDP, earnings, and stock prices, the reader is referred to the 

plethora of studies and literature which already exists on the matter. This section has explained 

the reasoning behind the third and final partial derivative (eq. 4);  
𝜕𝐸

𝜕𝑀
> 0 
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3.4. Summary 

This section on the theoretical framework of the paper had the purpose of giving the reader a 

detailed walkthrough on the theoretical relations between variables later used in the empirical 

model. Figure 2 acts a graphical illustration on the outline of the theoretical connections. The 

bulk of the section is the supply of money. This is then represented in the QE policies, because 

the FED buys assets, and in doing so, increases liquidity. This increase in liquidity is related to 

the variables presented in the stock valuation formula presented in Hamburger & Kochin 

(1972), namely the risk-free rate, risk premium, and expected earnings. After the connection 

between money supply and these three variables are made, one can observe how money 

supply/QE has eventually affected stock prices (eq. 5) by first influencing the three 

aforementioned variables. The reasoning behind three partial derivatives (eq. 2-4) and their 

signs have been presented through sections 3.3.1. – 3.3.3., which has eventually led to the effect 

shown in the total derivative (eq. 5); 

𝑑𝑆0

𝑑𝑀𝑡
> 0 

Finally, in order to get a better grasp of QE and its consequences in different macroeconomic 

scenarios, Palley (2011) offers an extensive presentation of the ISQQ model, which replaces 

LM in the ISLM model with QQ, where QQ acts as the measure for QE. This is useful since, 

naturally, there is a lack of experience (and therefore a proper and suitable framework) in 

conducting expansionary policies such as QE, while also keeping in mind the different ways in 

which QE can be conducted. Palley (2011) attempts to offer a solution to this issue with the 

ISQQ model acting as a theoretical framework for QE. 
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4. Data 
 

This paper analyses how quantitative easing (QE) in the US has affected stock prices in the US, 

hence the availability of data is limited since the FED started conducting QE mid-200820. 

Although the main focus of this paper concerns QE and stock prices, data stretching back to 

2003 will also be used to evaluate how conventional monetary policy affected stock prices pre-

QE. The year 2003 is chosen for the purpose of avoiding the recession following the dot-com 

bubble in the early 2000’s. This means that the analysis as a whole will be separated into two 

parts; one regarding the period pre-2008, and the second one observes periods with QE (post-

2008). Note that the period before 2008 is meant to act as a secondary analysis and something 

to compare the primary analysis with. This is because QE was not pursued before 2008 in the 

same manner as it has been after the financial crisis of 2008  

To begin with, some descriptive statistics are introduced, followed by some brief explanations 

on the variables used in the empirical model. Note that all variables are presented in their level 

form here in order provide a comprehensible overview, even though their first differences and 

log-transformation are used later in the empirical model.  

Table 1, Descriptive statistics for 2003Q1-2008Q3 

Variable Observations Mean Std. Deviation Min Max 

𝑆𝑃 24 1218.088 185.6395 855.7 1549.38 
𝐹𝐸𝐷𝐵 24 867.7925 241.2302 712.809 1969.086 
𝐺𝐷𝑃 24 13281.32 1211.896 11183.51 14835.19 

 

Table 2, Descriptive statistics for 2009Q1-2018Q4 

Variable Observations Mean Std. Deviation Min Max 

𝑆𝑃 40 1759.89 568.2795 825.88 2823.81 
𝐹𝐸𝐷𝐵 40 3539.224 956.3194 1927.082 4500.064 
𝐺𝐷𝑃 40 17239.31 1929.11 14352.85 20865.14 

 

The time-interval for all three variables are on a quarterly basis, where 𝐺𝐷𝑃 is the nominal gross 

domestic product (GDP, not adjusted for inflation) measured in billions of USD, 𝐹𝐸𝐷𝐵 is the 

size of the FED’s balance sheet in billions of USD, and 𝑆𝑃 is the closing price (USD) of the 

S&P500 in the beginning of every quarter. The data for GDP and the balance sheet is extracted 

from the St. Louis FED economic database, while data on stock prices are from Yahoo Finance. 

 
20 See for example Blinder (2010), where it is explained how the FED actually started QE in April 2008 already, 
by selling treasury bonds and buying less liquid assets (as the MBS) on open markets, thus adding liquidity 
without increasing the size of their balance sheet. 
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5. Method 
 

This section introduces the methodological approach used in this paper, where the 

econometrical tests are introduced, the necessary prerequisites for the tests are explained, and 

lastly the empirical model used in this paper is presented.  

 

5.1. Time-series analysis 

Since the purpose of this paper is to analyse how quantitative easing (QE) has affected stock 

prices in the US, specifically by studying the size of the balance sheet of the federal reserve 

bank (FED) and a large stock index (S&P500), the appropriate approach is regression through 

a time-series model. As the study attempts to measure how the size of the balance sheet has 

successively affected stock prices for some given time-periods, the empirical model will be 

characterized by some autoregressive characteristic. The time-series model used in this paper 

is the autoregressive distributed-lagged order (henceforth ADL), where the Pesaran et al. (2001) 

Bounds test is used to check for cointegration. The existence of cointegration between the 

variables implies that the ADL can be reparametrized to include an Error correction term, 

transforming the ADL to the Error Correction Model (ECM). These concepts and the 

advantages of the ADL/ECM are further explained in the sections to follow. The software used 

for the regression analysis in this paper is Stata (15.1). Again, note that the data-sample for this 

paper is small, although, as explained in Pesaran & Shin (1998), the ADL/ECM still works, 

even for small sample sizes. The variables are all expressed in their natural log form, as this 

gives intuitive results and has been used commonly in time-series model regarding the same 

topics studied in this paper (e.g. Lima et al. (2014); Laopodis (2013); Bernanke & Kuttner 

(2005))21. 

 

5.2. Stationarity  

A crucial part of time-series analysis is checking for stationarity in the variables. In order to 

make predictions about the future, the historical relationships between the variables must be, to 

some degree, equal. In autoregressive models, the lagged form of the dependent variable is used 

as a predictor itself, meaning that they must have the same probability distributions, irrespective 

 
21 Except for the case when interest rates are involved, which are usually expressed in their normal form. 
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of the time period. Roughly explained, this is why, in a probabilistic sense, the past and future 

distribution of all the variables must be the same. (Stock & Watson, p. 583-607, 2015) 

Formally, this can be expressed as; 

𝐸(𝑌𝑡) = 𝐸(𝑌1) = 𝐸(𝑌2) = 𝐸(𝑌𝑡−𝑠) = 𝜇, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑𝑠 𝑡, 𝑎𝑛𝑑 𝑤ℎ𝑒𝑟𝑒 𝑠 > 0 

𝑉𝑎𝑟(𝑌𝑡) = 𝑉𝑎𝑟(𝑌1) = 𝑉𝑎𝑟(𝑌2) = 𝑉𝑎𝑟(𝑌𝑡−𝑠) = 𝜎2 

𝐶𝑜𝑣(𝑌𝑡 , 𝑌𝑡−𝑠) = 𝜌𝑠 

If these conditions are met, the time-series for 𝑌𝑡 is stationary. Note that these conditions must 

hold for all variables used in model, such as any independent variables/predictors. This concept 

of stationarity is important since non-stationarity in the model can lead to spurious regression 

and unreliable results. If a time-series is non-stationary, it is said to have a unit root. Instead of 

merely looking at a graphical illustration of the series to check for non-stationarity, one can 

instead use a unit root test. This is discussed further in the next sections.  

 

5.2.1. Augmented Dickey-Fuller test 

To check for stationarity, the Augmented Dickey-Fuller (ADF) test is used in this paper22. As 

a starting point however, one should always look at the graphical illustration of the data in order 

to get a rough idea regarding stationarity. The ADF test will then offer probabilistic evidence 

on the matter. Formally, the ADF test for some series 𝑌, including the hypothesis tests, can be 

expressed as; 

 
∆𝑌𝑡 = 𝛽0 + 𝛿𝑌𝑡−1 + ∑ 𝛽𝑖∆𝑌𝑡−𝑖

𝑘

𝑖=1

+ 휀𝑡 
(10) 

 

𝐻0: 𝛿 = 0, 𝑌𝑡  𝑖𝑠 𝑛𝑜𝑡 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑟𝑦 

𝐻𝐴: 𝛿 < 0, 𝑌𝑡  𝑖𝑠 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑟𝑦 

Where 𝛽0 is the constant term, 휀𝑡 error term, ∆𝑌𝑡 the first difference of 𝑌𝑡 (i.e. 𝑌𝑡 − 𝑌𝑡−1), 𝑘 

number of lags, and lastly the respective coefficients 𝛿 and 𝛽𝑖.
23  

 

 
22 Based on the Dickey-Fuller test presented in Dickey & Fuller (1979) 
23 𝛿 = 𝛼 − 1 where 𝛼 is the coefficient for 𝑌𝑡−1 
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5.3. Optimal lag order selection 

Lags in a time-series model are important since the wrong number of lags poses the risk of 

missing out on crucial information.  In a time-series model, since it is not expected that changes 

in variables have instantaneous effects on each other, some appropriate number of lags must be 

chosen. This can also be observed in the real economy, for example in financial markets where 

financial instruments are extremely responsive to changes in interest rates, and in contrast, 

wages can be extremely sticky since contracts are often binding for some amount of time and 

hence the renegotiations for new wages takes time. The issue with optimal lag selection is 

essentially becomes a purely empirical problem, where there is room for different 

interpretations and discussion on the result.  

The method used for selecting the optimal lag order in this paper is the Akaike information 

criterion (AIC) based on Akaike (1974); 

 
𝐴𝐼𝐶(𝑝) = ln [

𝑆𝑆𝑅(𝑝)

𝑇
] + (𝑝 + 1)

2

𝑇
 

(11) 

 

Basically, the AIC estimates 𝑝 number of lags which minimizes the AIC value. Here, SSR is 

the sum of squared residuals of the autoregression (with 𝑝 lags).  𝑇 is the number of time-

periods, such as months or quarters. For the empirical model used in this paper, there are three 

variables with their respective amounts of optimal lags; (𝑝, 𝑞1, 𝑞2), where 𝑝 is the lags for the 

dependent variable, and 𝑞1, 𝑞2 is the lags for the two independent variables.  

 

5.4. ADL, Bounds cointegration test, and the ECM 

As is mentioned previously, the stationarity of variables in the model is essential. If a variable 

is stationary without any number of differences, it is said to be integrated of order 0, or 

expressed as 𝐼(0). Conversely, if a variable is non-stationary, and only becomes stationary after 

taking the first difference, it is integrated of order 1, 𝐼(1), and so on. If the variables are 

integrated of different orders, meaning some are 𝐼(0) and some 𝐼(1), it creates a limitation on 

using certain time-series models as the vector autoregression model (VAR). The advantage of 

the ADL model is that it can include variables regardless of their integration order. Furthermore, 

an additional advantage of the ADL concerns sample sizes when testing for cointegration 

between the variables. Tests such as the Bounds cointegration test (see Pesaran et al. (2001)) 

are suitable even for small sized samples in the ADL model. This is of great significance to this 



20 
 

paper since quantitative easing (QE) has only been conducted by the FED for 10 years, hence 

the size of the data sample in this paper is, to some degree, limited. Finally, perhaps the most 

useful economical advantage is that the ADL can be reparametrized to include an error 

correction term, which is used for testing the long-run relation between the variables in the 

model (see Engle & Granger (1987)). When analysing the long-run relationship (if there exists 

one) through the use of the error correction version of the ADL, the model is referred to as an 

Error Correction Model (ECM). 

In the short-run analysis, the ADL model is expressed as; 

 
𝑌𝑡 = 𝑐0 + ∑ 𝛼𝑖𝑌𝑡−𝑖

𝑝

𝑖=1

+ ∑ 𝛽1,𝑖
′ 𝑋1,𝑡−𝑖

𝑞1

𝑖=0

+ ∑ 𝛽2,𝑖
′ 𝑋2,𝑡−𝑖

𝑞2

𝑖=0

+𝜖𝑡 
(12) 

 

Whereas the error correction version of the ADL is transformed to; 

  

∆𝑌𝑡 = 𝑐0 + 𝜃(𝑌𝑡−1 − ∅𝑋𝑘,𝑡−1) + ∑ 𝛾𝑖∆𝑌𝑡−𝑖

𝑝−1

𝑖=1

+ ∑ 𝜑1,𝑖
′ ∆𝑋1,𝑡−𝑖

𝑞1−1

𝑖=0

+ ∑ 𝜑2,𝑖
′ ∆𝑋2,𝑡−𝑖

𝑞2−1

𝑖=0

+ 휀𝑡 

 

(13) 

 

 

Where; 

𝑐0 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑡𝑒𝑟𝑚 

𝑝 = 𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑙𝑎𝑔𝑠 𝑓𝑜𝑟 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 

𝑘 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑜𝑟𝑠 

𝑞𝑘 = 𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑙𝑎𝑔𝑠 𝑓𝑜𝑟 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑘 

∆𝑌𝑡 = 𝑓𝑖𝑟𝑠𝑡 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑖𝑛 𝑡𝑖𝑚𝑒 𝑡 

∆𝑋𝑘,𝑡−𝑖 = 𝑓𝑖𝑟𝑠𝑡 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑜𝑓 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑘 𝑖𝑛  𝑡𝑖𝑚𝑒 𝑡 − 𝑖 

𝛾 = 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑓𝑜𝑟 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 

𝜑𝑘 = 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑓𝑜𝑟 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑘 

∅ =
∑ 𝜑𝑗

𝑘
𝑗=0

𝜃
, 𝑙𝑜𝑛𝑔 𝑟𝑢𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑓𝑜𝑟 𝑘 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑜𝑟𝑠 

𝜃 = 1 − 𝛼, 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑎𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 (𝑎𝑠𝑠𝑢𝑚𝑖𝑛𝑔 𝑡ℎ𝑒 𝑚𝑜𝑑𝑒𝑙 𝑜𝑛𝑙𝑦 ℎ𝑎𝑠 𝑜𝑛𝑒 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒)  
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Essentially, the ECM analyses the long-run relationship between the variables while accounting 

for short-term fluctuations between them. The null hypothesis is whether 𝜃 = 0 and where the 

independent coefficients are also zero, versus the alternative that 𝜃 ≠ 0 including non-zero 

independent coefficients24. Formally, this is expressed as follows; 

𝐻0: (𝜃 = 0) ∩ (∑ 𝜑𝑗 = 0

𝑘

𝑗=0

) 

𝐻𝐴: (𝜃 ≠ 0) ∪ (∑ 𝜑𝑗

𝑘

𝑗=0

≠ 0) 

 

5.4.1. Empirical model 

Conclusively, the regression analysis will be tested on the following ADL model (including the 

abbreviations for the variables); 

 
𝑙𝑛𝑆𝑃𝑡 = 𝑐0 + ∑ 𝛼𝑖𝑙𝑛𝑆𝑃𝑡−𝑖

𝑝

𝑖=1

+ ∑ 𝛽1,𝑖
′ 𝑙𝑛𝐹𝐸𝐷𝐵𝑡−𝑖

𝑞1

𝑖=0

+ ∑ 𝛽2,𝑖
′ 𝑙𝑛𝐺𝐷𝑃𝑡−𝑖

𝑞2

𝑖=0

+ 𝜖𝑡 
(14) 

 

 

And if the Bounds test for cointegration (again, see Pesaran et al. (2001)) shows that there is a 

long-run relationship, the ADL model is reparametrized to include the error correction model; 

 
∆𝑙𝑛𝑆𝑃𝑡 = 𝑐0 + 𝜃[𝑙𝑛𝑆𝑃𝑡−1 − ∅1𝑙𝑛𝐹𝐸𝐷𝐵𝑡 − ∅2𝑙𝑛𝐺𝐷𝑃𝑡] + ∑ 𝛾𝑖∆𝑙𝑛𝑆𝑃𝑡−𝑖

𝑝−1

𝑖=1

+ ∑ 𝜑1,𝑖
′ ∆𝑙𝑛𝐹𝐸𝐷𝐵𝑡−𝑖

𝑞1−1

𝑖=0

+ ∑ 𝜑2,𝑖
′ ∆𝑙𝑛𝐺𝐷𝑃𝑡−𝑖

𝑞2−1

𝑖=0

+ 휀𝑡 

 

(15) 

 

 

Note that the term in square brackets includes the long-run variables, and the rest which has the 

first differences of the variables are for the short-run. Additionally, the model will be tested for 

heteroskedasticity and serial correlation in the residuals by using the White’s test and Breusch-

Godfrey Lagrange Multiplier test. 

 
24 This term can be interpreted as the time it takes for the variables to reach an equilibrium state, hence; speed 
of adjustment 
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Figure 6, Variables in their level form Figure 7, Variables in their first-difference form 

6. Results 
 

The results from the tests mentioned in the previous sections will be presented here. Note that 

not all tests are presented here and can instead be found in Appendix, specifically those for the 

dataset covering the periods of 2003-2008, since the primary object here is to study the periods 

where quantitative easing was/is being conducted (2009-2018). The only part of this section 

where the results for the period 2003-2008 are presented is in 6.5. 

6.1. Unit root test, ADF 

Initially, a graph of the (logged) variables is presented in order to give a comprehensible 

overview on the stationarity of the variables at level form and in their first difference forms 

(FD); 

 

 

 

 

 

 

Where the ADF test for the variables in both forms gave the following results;  

Table 3, Augmented Dickey-Fuller test for stationarity 

 Variable Included term ADF-test 

 

Level form 

 

𝑙𝑛𝑆𝑃 Trend -3.366* 

𝑙𝑛𝐹𝐸𝐷𝐵 Drift -1.678* 

𝑙𝑛𝐺𝐷𝑃 Trend -2.279 

 

First difference 

∆𝑙𝑛𝑆𝑃 Trend -5.209*** 

∆𝑙𝑛𝐹𝐸𝐷𝐵 Drift -2.339** 

∆𝑙𝑛𝐺𝐷𝑃 Trend -5.544*** 

Statistically significant at 1%=***, 5%=**, 10%=* 

Which concludes that the variables are stationary when taking the first difference and therefore 

the null-hypothesis can be rejected (see section 5.2.1.), suggesting that there is no risk of 
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spurious regression25. This implies that the lnSP and lnFEDB are integrated of order 0 at the 

10% significance level. At their first difference however, all variables are stationary, meaning 

they are integrated of order 1.This means that since two variables were stationary in their level 

form I(0), and the third was only stationary in its first difference form I(1), the variables in the 

model are integrated of different orders, implying that the ADL is suitable to use. Section 5.2. 

– 5.4 further explains these terms.  

6.2. The autoregressive distributed-lagged model (ADL) 

Before the ADL model (eq. 12) is estimated, the optimal lags for the ADL must be determined. 

Here, the AIC (see eq. 11) shows that the optimal lags for the ADL is 3 (see table I in Appendix 

for full printout on lags), which is why the following ADL model applies a maximum amount 

of 4 lags when running the regression. 

Table 4, Results from the ADL (1 1 3) test 

Estimated coefficients from ADL model with (1 1 3) lag orders26  

Time period: 2010Q1-2018Q427, N=36 observations, 𝑅2 = 0.9892 

Variable (-number of lags) Coefficient Standard error 

𝑙𝑛𝑆𝑃(−1) 0.07477 0.16288 

𝑙𝑛𝐹𝐸𝐷𝐵 0.93967*** 0.21139 

𝑙𝑛𝐹𝐸𝐷𝐵(−1) -0.79191*** 0.21177 

𝑙𝑛𝐺𝐷𝑃 3.52329** 1.32682 

𝑙𝑛𝐺𝐷𝑃(−1) 1.00932 1.74057 

𝑙𝑛𝐺𝐷𝑃(−2) 0.78660 1.66624 

𝑙𝑛𝐺𝐷𝑃(−3) -2.94811** 1.38054 

𝑐0 (constant) -17.51955*** 3.17223 

Statistically significant at 1%=***, 5%=**, 10%=* 

The size of the balance sheet appears to have the expected positive effect on stock prices in the 

S&P500, where the lagged variable is negative. GDP is also in line with the expected effects 

presented in section 3., while it has a negative effect when it is lagged for three quarters. The 

 
25 The ADF-test results for each variable is given by comparing them to a respective test-statistic. See Dickey & 
Fuller (1979) for further explanation on these results. 
26 See section 5.3. on lag order selection and the setup. (1 1 3) corresponds to (lnSP lnFEDB lnGDP), meaning 
lnGDP is lagged 3 time periods (quarters). 
27 Applying a limit of maximum 4 lags since optimal is 3, which is why the regression begins in 2010Q1 and not 
2009Q1 
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lag orders (1 1 3) are obtained by using the AIC method in the ADL. Note that these are the 

short-run effects, whereas the next part of this section introduces the ECM, where the long-run 

relationship can be estimated.  

6.3. Bounds cointegration test and the Error Correction model (ECM) 

Next, the model is tested for cointegration of the variables. The bounds test (Pesaran et al. 

(2001)) was used to check for cointegration, where the F-statistic was higher than all 𝐼(1) 

critical values for the regressors (see table II in Appendix). This indicates that there is 

cointegration, which implies that the long-run relationship from the ECM model (eq. 13 and 

15) is appropriate.  

Table 5, ADL model with error correction reparameterization (ECM) 

Estimated coefficients from ECM model with (1 1 3) lag orders  

Time period: 2010Q1-2018Q4, N=36 observations, 𝑅2 = 0.5961 

 Variable (− number of lags) Coefficient Standard error 

𝜃28 𝑙𝑛𝑆𝑃(−1) -0. 9248988*** 0.1601444 

Long-run  𝑙𝑛𝐹𝐸𝐷𝐵29  0 .1625973*** 0 .0574122 

𝑙𝑛𝐺𝐷𝑃 2.557392*** 0 .1624938 

Short-run  𝑙𝑛∆𝐹𝐸𝐷𝐵 0.7868965*** 0 .2065046 

 𝑙𝑛∆𝐺𝐷𝑃 1.136492 1.310718 

 𝑙𝑛∆𝐺𝐷𝑃(−1) 2.216224* 1.289298 

 𝑙𝑛∆𝐺𝐷𝑃(−2) 3.041571** 1.263206 

 𝑐0 (constant) -17.48849*** 3.114591 

Statistically significant at 1%=***, 5%=**, 10%=* 

Here, the ECM presents both the short- and long-run coefficients for the model. Notably, the 

FED’s balance sheet is significant at the 1% significance level for both the short- and long-run, 

both with a positive coefficient, which is in line with the expected effects derived in the 

theoretical framework (sections 3.2. – 3.5.). The speed of adjustment (𝜃) observes the pace in 

which the errors from the previous period are corrected. ∆ is the first difference of the variables, 

which can also be observed in the empirical model (eq. 15). Notably, GDP appears to have a 

larger (statistically significant) effect on stock prices than the FED’s balance sheet has. This 

shows that monetary policy has a smaller effect on stocks than GDP, which is what Asako & 

 
28 The speed of adjustment, explained in section 5 
29 Where ∅ is the long-run coefficient for 𝑙𝑛𝐹𝐸𝐷𝐵 (see section 5.4.)  
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Liu (2013) also observed in their study, although they used the interest rate as a measure of 

monetary policy. However, movements in GDP might not be as volatile either as the FED’s 

balance sheet has been for the last decade. 

6.4. Heteroskedasticity and serial correlation 

In addition to the ECM, some further analysis was applied to check the stability of the model. 

The White’s test for homoskedasticity showed, with a P-value of 0.520, that the model does not 

suffer from heteroskedasticity in the residuals. Additionally, the Breusch-Godfrey Lagrange 

Multiplier test was used to check for serial correlation in the residuals, and with a P-value of 

0.7105, the null-hypothesis for no correlation could be accepted (see tables III and IV in 

Appendix for full printout).    

6.5. Analysing 2003-2008 (pre-QE) 

The same tests for the period before QE are presented here in a brief manner, primarily for the 

purpose of comparison with the main model presented previous to this section. The ADF test 

for stationarity shows; 

Table 6, Augmented Dickey-Fuller test 

 Variable Included term ADF-test 

 

Level form 

𝑙𝑛𝑆𝑃 Trend -0.459 

𝑙𝑛𝐹𝐸𝐷𝐵 Drift -0.616 

𝑙𝑛𝐺𝐷𝑃 Trend 1.487 

 

First difference 

𝐹𝐷𝑙𝑛𝑆𝑃 Trend -2.410 

𝐹𝐷𝑙𝑛𝐹𝐸𝐷𝐵 Drift -6.273*** 

𝐹𝐷𝑙𝑛𝐺𝐷𝑃 Trend -2.875 

Statistically significant at 1%=***, 5%=**, 10%=* 

Stationarity appears to be an issue for this time-period, however the ADL can still be applied 

since it can be used even when the variables are of mixed orders of integration. The AIC showed 

that optimal amount of lags is 1, and hence the ADL model uses maximum 2 lags. The Bounds 

test showed that the variables are not cointegrated, and therefore the long-run relationship can’t 

be tested for. See the full printout for the Bounds test and ADL (short-run) printout in Appendix 

tables V and VI for the short-run ADL model. 



26 
 

7. Discussion and concluding remarks 

 

The short-run ADL model presented some incoherent results regarding the signs of the 

coefficients, where the FED’s balance sheet with no lags had a positive effect, whereas the 

effect with one lag was negative. Both coefficients were statistically significant at 1%. Since 

these estimates are for the short-run, is possible that other factors affect stock prices more than 

the balance sheet of the FED, as Al-Jassar (2019) mentions, there are perhaps cyclical trends 

not captured in time-series model as conducted here.  

The results from the ECM model does perhaps provide more intuitive results since the Bounds 

test showed the existence of cointegration, and so the long-run coefficients could be estimated 

in the ECM. These show that both the FED’s balance sheet and GDP affect stock prices 

positively, both at 1% significance level, which is in line with the theoretical model presented 

in section 3.2. (see eq. (1) and sections 3.3.1-3.3.3 for the expected effects from each variable).  

The main issue of this model is, as mentioned several times before, the sample size. This 

problem, however, is inevitable since QE has not been conducted for any long period of time. 

One might argue that the periods of QE in Japan during 2001-2006 is of some support, although 

not likely. Since the BOJ pursued QE mainly by purchasing government bonds and 

communicating these policies to markets, it essentially only followed two out of the three 

necessary principles presented by Bernanke et al. (2004) in order to conduct QE successfully. 

Although, the definition of success might be questioned here, depending on the goal. Japan did 

not experience any major growth in their economy (neither in stock markets nor 

macroeconomic variables), but as Ugai (2006) argues, it did succeed in stabilizing financial 

markets by adding significant amounts of liquidity and therefore securing future functioning of 

these institutions and markets. The FED did however follow all three principles, as can be seen 

by the amount of mortgage-backed securities it bought, which significantly changed the 

composition of their balance sheet30.  

Additionally, one might wonder why other central banks who have been conducting QE after 

the financial crisis of 2008 is not included in this model or even used as comparison. For starters, 

Fawley & Neely (2014) introduces QE and how it has been conducted differently (in response 

to the crisis in 2008) by the Bank of England (BOE), Bank of Japan (BOJ), European central 

 
30 See Gagnon et al. (2011) for further discussion on financial markets and QE conducted by the FED, including 
the importance of a change in the composition of their balance sheet). 
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bank (ECB) and the Federal Reserve bank (FED). Without going into details, the methods used 

to conduct QE varies between these central banks, especially in regard to which 

institutions/markets are injected with more liquidity. Since the FED’s objective was to boost 

wealth partly through higher prices, where the main effect is through the portfolio balance 

channel31, they had to be extremely engaging in open markets. 

The ambitious interventions by the FED has, as presented in this paper, caused stock prices to 

increase. This might (should) be interpreted as a successive attempt in conducting QE. 

However, these conclusive results from the ECM model, which shows that a long-run 

relationship appears to exist between the size of the FED’s balance sheet and stock prices, 

certainly raises some doubts on the potential consequences in such a relation. One argument is 

that if stocks are dependent on the open market interventions by the FED, then stock prices 

might distort from their actual fundamental values which investors would otherwise assign 

them. This is to some extent studied in Asako & Liu (2013), where they study potential stock 

bubbles and, since investor confidence will eventually perish when stock prices have deviated 

significantly from their fundamental values, these bubbles will ultimately burst32. Additionally, 

since the stock market can be used by politicians as a tally for how well the economy is doing 

under their current reign, the concern for political pressure on the FED is increased. This leads 

to the issue with central bank independence, e.g. as discussed and studied by Alesina & 

Summers (1993) and Bedikanli (2018), where the argument for increased independence for 

central banks is made, with the purpose of preventing political pressures from creating short-

run (excess) growth and postponing eventual declines in the economy.  

 

 

 

 

 

 

 
31 Explained in section 3.1 
32 A bubble in stock prices is when prices increase for a long time without any major declines, and if the bubble 
bursts, it means that stocks will experience a major fall in their prices 
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Appendix 
 

Table I, optimal lag order (AIC) 

N = 36 observations 

Sample: 2010Q1 - 2018Q4 

Lag AIC  

0 -6.78066 

1 -15.7442 

2 -15.7602 

3 -15.8751* 

4 -15.6299 

 

 

Table II, Bounds cointegration test (2009-2018) 

Pesaran et al. (2001) Bounds test for cointegration 

𝐻0: 𝑛𝑜 𝑙𝑒𝑣𝑒𝑙 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 

𝐻𝐴: 𝑙𝑜𝑛𝑔 𝑟𝑢𝑛 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 𝑒𝑥𝑖𝑠𝑡𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 

Accept 𝐻0 if 𝐹 < 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝐼(0) 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑜𝑟𝑠 

Reject 𝐻0 if 𝐹 > 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝐼(1) 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑜𝑟𝑠 

 

 

𝐹 = 11.246 

𝐼(0) 𝐼(1) 𝐼(0) 𝐼(1) 𝐼(0) 𝐼(1) 𝐼(0) 𝐼(1) 

3.17 4.14 3.79 4.85 4.41 5.52 5.15 6.36 

 

 

Table III, White’s test for Homoskedasticity 

White’s test for homoskedasticity 

𝐻0: ℎ𝑜𝑚𝑜𝑠𝑘𝑒𝑑𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 

𝐻0: ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑘𝑒𝑑𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 

 Chi2 Df  p 

Heteroskedasticity 33.82 35 0.520 
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Table IV, Breusch-Godfrey test for serial correlation 

Breusch-Godfrey LM test for serial correlation 

𝐻0: 𝑛𝑜 𝑠𝑒𝑟𝑖𝑎𝑙 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 

Lags Chi2 Df Prob>chi2 

1 0.138 1 0.7105 

 

 

Table V, Bounds cointegration test (2003-2008) 

Pesaran et al. (2001) Bounds test for cointegration 

𝐻0: 𝑛𝑜 𝑙𝑒𝑣𝑒𝑙 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 

𝐻𝐴: 𝑙𝑜𝑛𝑔 𝑟𝑢𝑛 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 𝑒𝑥𝑖𝑠𝑡𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 

Accept 𝐻0 if 𝐹 < 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝐼(0) 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑜𝑟𝑠 

Reject 𝐻0 if 𝐹 > 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝐼(1) 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑜𝑟𝑠 

 

 

𝐹 = 3.378 

𝐼(0) 𝐼(1) 𝐼(0) 𝐼(1) 𝐼(0) 𝐼(1) 𝐼(0) 𝐼(1) 

3.17 4.14 3.79 4.85 4.41 5.52 5.15 6.36 

 

 

Table VI, ADL model printout (2003-2008) 

Estimated coefficients from ADL model with (1 1 1) lag orders  

Time period: 2003Q3-2008Q3, N=21 observations, 𝑅2 = 0.9446 

Variable (-number of lags) Coefficient Standard error 

𝑙𝑛𝑆𝑃(−1) 0.6726767** 0.2154138 

𝑙𝑛𝐹𝐸𝐷𝐵 -1.149058 0.8491577 

𝑙𝑛𝐹𝐸𝐷𝐵(−1) -1.717313* 0.828108 

𝑙𝑛𝐺𝐷𝑃 7.550768** 2.089327 

𝑙𝑛𝐺𝐷𝑃(−1) -4.869136* 2.447913 

𝑐0 (constant) -3.957045** 1.823643 

Statistically significant at 1%=***, 5%=**, 10%=* 


