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Abstract: In an effort for future investment implications, the current study examined the
relationship between historical Quantitative Easing (QE) programs and the stock market. This
study analyzed weekly basis data in the United States between 2007 and 2023. Through a
Vector auto-regression (VAR) model, a significant rise following a quick drop in stock prices
to a positive shock in QE was discovered, indicating lagged response. Further robustness
check proved the validation of relationship, by sectioning the whole data set into 4 periods
corresponding to four QE programs, except relatively insignificant effects in QE2 and QE3
periods. These lagged responses were pointed out firstly in this paper and connected with
policy motivations and contemporaneous economy environment across programs. The
findings may enable investors to anticipate market movements and generate respectable
returns in the event of such unconventional money shocks.
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1. Introduction

Stock prices serve as indicators of the present value of a stock for both buyers and sellers [1], hence
potentially indicating fluctuations within the stock market. The efficient market hypothesis posits that
market prices exhibit rapid responsiveness to publicly available information. However, this may not
be the case in reality, due to the occurrence of unforeseeable circumstances. This study will primarily
examine the empirical recession crises that occurred with the implementation of the Quantitative
Easing (QE) program. The objective of this study is to examine the impact of quantitative easing
initiatives on the stock market with regards to their potential implications for future investment.
This study is primarily motivated by the research conducted by Niederhoffer [2], who examined
the impact of global events on stock market valuations. This study aims to conduct a scientific
investigation using a Vector Autoregressive (VAR) model to ascertain the relationship between
Quantitative Easing (QE) and stock prices. Additionally, it seeks to estimate the potential influence
of QE on stock prices in the event of comparable crisis measures being implemented in the future.
This study aims to examine the association between four quantitative easing programs and stock
prices from 2007 to 2023, to prove the validity of relationship for a broader sample size. Moreover,
the existing literature exhibits a research gap pertaining to the establishment of a connection between
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the beneficial impacts of a quantitative easing shock and the actual movements observed in stock
prices. This study aims to quantitatively and comprehensively analyze the reaction by establishing a
connection between the underlying policy motives and the prevailing economic conditions. This will
be achieved by examining the impulse response functions within a structural VAR model.

2.  Background

The stock market is fickle so that investors confront with uncertainties and try to catch all related
information to predict the stock prices, aiming at decent returns [3]. Share price movement is not
independent in nature. Specifically, the collective influence of book value, earnings per share, price-
earnings ratio, and dividend yield accounts for 51.6% of the stock price of a corporation. The
remaining unexplained portion requires more investigation. Aylward and Glen asserted that stock
prices possess a wide-ranging predictive capability in terms of investment and the whole economy
[4]. Hence, the efficacy of policies may be gauged by observing fluctuations in stock price indices.
This research study aims to examine and evaluate the influence of past instances of Quantitative
Easing (QE) programs on stock market valuations.

Quantitative Easing (QE) involves substantial acquisitions of assets, often include government
debt with extended maturity periods, as well as private assets like corporate debt or asset-backed
securities [5]. QE is commonly employed under atypical circumstances, such as when short-term
nominal interest rates exhibit remarkable levels of low, zero, or even negative values, rendering them
ineffectual to impact the market. In meanwhile, QE serves as an additional means of stimulating the
economy through the reduction of long-term interest rates and the augmentation of liquidity in
financial markets [6]. These factors are crucial in supporting the Federal Reserve's objectives of
achieving full employment and maintaining price stability. The deployment of QE has a crucial role
in stabilizing the economy during periods of downturn.

The Bank of Japan first introduced a Quantitative Easing (QE) policy to its zero interest rate policy
between March 2001 and March 2006. Haltmaier, Martin, and Gust asserted that the implementation
of QE has had a notable positive impact on macroeconomic circumstances in Japan, particularly while
the official bank rate was either at or near zero [7]. This monetary policy measure has effectively
contributed to the strengthening of the Japanese economy. Then, QE policy became a beneficial tool
for some major central banks to mitigate recession crises by encouraging economic recovery, which
in turn gradually unleashed credit and money creation [8]. In reaction to the two most recent
recessions, the Federal Reserve implemented Quantitative Easing: the 2007-2009 recession and the
2020 recession precipitated by the coronavirus pandemic [6].

In the 2008 financial crisis, the US Federal Reserve significantly increased the size of its balance
sheet by purchasing plenty of new assets and liabilities when the interest rate hit the zero lower bound
[9]. Since November 2008, the Federal Reserve has begun purchasing assets as the first Quantitative
Easing (QE1: December 2008 to March 2010), holding $600 billion in mortgage-backed assets [10].
The Federal Reserve held a large amount of bank debt, mortgage-backed securities, and Treasury
notes, reaching a peak of $2.1 trillion in June 2010 [11]. To further stimulate the U.S. economy
following the 2008 financial crisis and Great Recession, the Fed launched a second phase of
Quantitative Easing (QE2: November 2010 to June 2011) in November 2010, buying $600 billion in
long-maturity Treasury securities by the end of the second quarter of 2011 [12]. In September 2012,
QE3 (September 2012 to October 2014) began operation, initially set at purchasing $40 billion per
month for MBS and $45 billion per month for long-maturity Treasury securities [13]. In response to
the COVID-19 epidemic, the Fed announced around $700 billion in QE4 (March 2020 to March 2022)
via large-scale asset purchases on March 15, 2020 [14]. In QE4, the Fed has purchased nearly $6
trillion in assets [15].
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3. Literature Review

Prior to the 2008 Financial Crisis, long-term interest rates drove the stock market [16], while since
then QE seems to be the primary force behind the stock market recovery from a crisis. Bernanke and
Reinhart demonstrated that QE can reduce the cost of borrowing by targeting a certain short-term
interest rate [17]. QE helps to boost spending and eliminate recession through injection of new money
into the economy [18]. The bank purchases financial assets from the private sector with newly issued
central bank money. For every additional $1 billion in equity purchases from the private sector, the
projected OLS model predicts that the stock price would rise by 0.021 dollars [19]. The effect is quite
significant because the Federal Reserve was buying a large scale of assets each month. Stefanski used
decision tree methodology and found that QE mostly affected the real economy by raising stock prices
and lowering stock market volatility [20]. The primary benefits of QE are conceptual: an increase in
Federal assets that is highly correlated with the S&P 500 Index; and a reduction in long-term interest
rates, which similarly stimulates stock prices.

Tan and Kohli proposed a modified Constant Elasticity of Variance (CEV) class model and Auto-
regression AR(1) model [21]. They found that the Federal Reserve's Quantitative Easing strategy has
had a considerable detrimental influence on stock market volatility. They predicted a temporary spike
in stock volatility at the end of QE2. The expected volatility ascent after the QE2 would make options
more valuable. Chen and Yeh investigate industrial responses to both the 2008 global financial crisis
and the COVID-19 epidemic [22]. Following QE announcements, the stock performance of the
majority of industries began to improve from the negative effects of both occurrences, indicating that
QE is successful in increasing investor confidence. Although stock prices continued to fall on March
20, 2020 as a result of the present economic crisis caused by the COVID 19 epidemic, the US S&P
500 index began to recover after March 23 as a result of Quantitative Easing, a powerful stimulus for
the US Federal Reserve System (FED) [23]. Furthermore, using the Granger-Sims test, Hashemzadeh
and Taylor discovered that the money supply and stock prices are characterized by a feedback system
whereby fluctuations in the money supply cause variations in stock prices and vice versa [24].
Regarding to stock prices and interest rates, the causality seems to be unidirectional, mostly running
from interest rates to stock prices.

According to Tawadros and Moosa, stock prices have a strong association with QE [25]. However,
the estimated structural time series model revealed that missing variables other than QE influenced
stock prices. One plausible rationale is that the implementation of QE might become consequential
only after a particular threshold is surpassed. This could explain why the QE programs implemented
by the Bank of England and the Bank of Japan, respectively, had no impact on FTSE100 and the
NIKKEI 225. Via a Time-varying parametric framework, Al-Jassar and Moosa observed a general
positive relationship between the Fed's balance sheet and stock prices, which was greatest during QE3
and lowest during QE2 [26]. The post-QE period (2015:10-2018:06) saw a weak correlation, which
coincided with the Trump presidency, when the market is influenced by a variety of factors.
According to Pham et al., certain of Trump's initiatives, such as deregulation and tax cuts, as well as
increased government expenditure, benefit the stock market [27]. Furthermore, the performance of
global stock markets, the performance of the US dollar, Fed funds rates, and changes in financial
budgeting explain the majority of the variation in stock returns during the period of 2008 financial
crisis with stable coefficients [28]. Bedikanli discovered that the FED's balance sheet and GDP effect
stock prices statistically positively at the 1% level [29]. Thus, various factors in the economy
environment significantly affect the stock market, which should be taken into account. In this instance,
this inquiry will introduce a model to analyze the relationship between changes in stock prices and
changes in FED’ s balance sheet, both over the last period.
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4. Data

The dataset consists of the U.S. weekly data from 30 July 2007 to 24 July 2023. To analyze the effect
of Quantitative Easing (QE) on stock prices, this research will estimate a vector auto-regression (VAR)
model, with weekly time series data of QE and stock prices from 2007 to 2023. Based on past studies,
the magnitude of QE was estimated by the size of Federal Reserve's balance sheet [30], denoted as
Value. Stock prices were defined by the Standard and Poor's 500 stock index (S&P500) [31]. The
natural logarithms of S&P500 was used, denoted as LSP500. All series became stationary after taking
first difference.

5. Model

At the first stage, this study estimated a Vector auto-regression (VAR) model where endogenous
variables included LSP500 and Value. The Co-integration Test found that there would be one co-
integration equation between variables Value and LSP500, while the Johansen Procedure [32] test
result indicated that there was no co-integration equation. Then, this investigation estimated a Vector
Error Correction (ECM) model and failed to identify a significant error correction term. The model
also had heteroscedasticity issue and non-normally distributed residuals.

To get a stationary data set and hence a valid VAR model, some diagnostic tests were taken on the
natural log of stock prices (In(S&P500)) and Federal Reserve's balance sheet (Value). The test results
showed that both In(S&P500) and Value were integrated order of 1 and became stationary after taking
the first difference. Since HQ Hannan-Quinn (HQ) and Schwarz-Bayesian (BIC) criteria selected lags
of 4 for the model, this research will use 4 lags throughout analysis. Then, the main model (1) is
defined as below.
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where the D1LSP500 refers to the first difference in In(S&P500) and D1Value refers to the first
difference in Value. is the stochastic component.

6. Data Analysis

Both stock prices (LSP500) and Fed’s balance sheet (Value) show clearly a strong positive trend and
positive correlation over time. The Value appears to suffer structural break problems at the second
half of data set.

After taking the first difference, stock prices (D1LSP500) and Fed’s balance sheet (D1Value)
fluctuate around zero (Appendix 1) and S&P500 index is far less volatile than FED balance sheet.
Clearly, there are time lags between variables fluctuations. There is a slight positive relationship
between endogenous variables over time in model (1). The Appendix 2 is indicative of several outliers
problems in the data set.
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Figure 1: SVAR Impulse response functions of DILSP500 to D1Value for model (1)
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Figure 2: SVAR Impulse response functions of D1Value to D1LSP500 for model (1)
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Figure 3: SVAR Impulse response functions of D1Value to D1Value for model (1)
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Figure 4: SVAR Impulse response functions of D1LSP500 to DILSP500 for model (1)
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In order to estimate the structural VAR for further interpretation of shocks [33], short-run
restrictions between contemporaneous variables on the model were employed. The FED ’s balance
sheet shocks cannot contemporaneously impact stock prices and changes in stock prices shocks
cannot immediately affect FED ’s balance sheet.

From the figure 1, a standard deviation shock to D1Value results in a dramatic fluctuation in the
D1LSP500 and then converges back to zero at the fifth period. With a shock of changes in the FED
balance sheet by 1 billion, the S&P500 index descends by almost 1% in 1 week, and will fluctuate
and return to original index in six weeks. In the figure 2, the initial shock of 1% change in the S&P500
index leads to a significant drop in the FED balance sheet in the first five periods, approximately
248.76 millions and then the impact takes 15 periods return to zero. A significant rise in the D1Value
following a shock in D1Value and the impact converges back almost to zero in 3 months, as shown
in figure 3. By contrast, figure 4 points out that a shock in the D1ILSP500 causes a drastic increase in
DI1LSP500 and then the impact dies quickly at the second period.

In addition, the Granger Causality test was employed on model (1), that some econometricians
defined it as predictive causality [34], to determine whether a time series can predict another series
[35]. The test results demonstrate that series D1Value and D1LSP500 interchangeably Granger cause
each other. However, the variance decomposition analysis indicates that the forecast error variance
of D1LSP500 can not be explained by exogenous shocks to D1Value, while shocks to DILSP500 can
explain small parts of forecast error variance of D1Value. This results are compatible with the impulse
response analysis that D1LSP500 has little response to shocks in D1Value, compared with the inverse
direction.

The Fan charts give the forecasting distribution of a variable based on the all available information
[36]. The Fan chart respectively predicts that the variable D1Value will go up and D1LSP500 will
remain stable at faint positively above zero.

7.  Diagnostic Tests

The VAR model (1) has no serial correlation problem at 1% significance level. Meanwhile, the ARCH
test shows the existence of heteroscedasticity issue. Normality test shows that residuals of the Model
(1) is not normally distributed. The stability measures show that series D1LSP500 and D1Value are
stable without structural break despite of a large negative fluctuation in the D1LSP500 in the 2008
Financial crisis. These issues do not impress the credibility of the model (1).

Furthermore, data set was fragmented into 4 periods corresponding to 4 QE implementation
separately to check the robustness of prediction results. During the QE1, all results were robust and
consistent with the average results. However, the forecast error variance of DILSP500 became
significantly explainable by shocks to D1Value. The 2008 Financial crisis was perceived as the most
severe global recession since the Great Depression [37]. In the late 2008, lack of investor confidence
and dwindling credit availability prompted a sharp fall in stock and commodity prices [38], causing
numerous banks and businesses bankrupt. Accordingly, the contemporaneous variance
decomposition dissection may potentially verify the authority of QE1 on the recovery of the financial
market, via the S&P500 index.

In the QE2 period, the impulse response for D1Value to a shock of 1% rise in D1ILSP500 became
inverse. The variance decomposition analysis indicates that the forecast error variance of D1Value
cannot be explained by exogenous shocks to D1ILSP500 during the QE2. The United States' recovery
was still sporadic when QE2 was introduced. Even though the stock market had rebounded from its
2008 lows, unemployment remained high [39]. The improved financial market environment after the
QEI and reduced balance sheet in the QE2 [12] may explain the short-term boost in S&P500 index
when QE2 was implemented.
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In the period QE3, a DILSP500 shock will no not cause a persistent fall in the D1Value but a
moderate fluctuation. Also, D1Value became fluctuated following a shock in D1Value, but still
amount almost above zero. The QE3 period experienced a similar variance decomposition analysis
as during the QE2. In 2012, the economy was still fallow. For instance, the growth rate of labor
market improvement was quite low and the inflation rate fell short of the target level. Hence, the QE3
program was designed on the concept of state-contingent, which would continue until significant
improvements in the labor market outlook [40]. The state-contingent concept for QE3 could explain
why stock market could impact Fed’s balance sheet and its volatility. Both QE2 and QE3 were
designed to aid revive the economy following the 2008 Financial crisis, such that these periods saw
the similar variance decomposition analysis that S&P500 and Fed’s balance sheet do not influence
each other significantly.

In the QEA4, overall patterns from the impulse response functions are robust and coherent with the
average results but the effects of shocks are relatively more significant than had ever before. The
Federal Reserve mentioned in its statement that the coronavirus outbreak has severely damaged
communities and disrupted economic activity worldwide [41]. The large-scale asset purchases
reached 6 trillions during the QE4 [15], which is the largest volume over the past QE programs. This
fact potentially explains the relatively more significant impact between variables, compared to past
periods.

8. Discussion

Overall, this study found a positive significant correlation between QE programs and S&P500 index,
which is consistent with Phillips [19] and Stefanski [20], even though there were lags between shocks
and responses. As mentioned above, Stefanski found that QE mainly raised Federal assets strongly
correlated with the S&P 500 Index. The injection of large amount of money into the economy lowered
the long-term interest rates and thus raised the stock prices. The adjustment time for long-term interest
rates may potentially illuminate the lagged impulse response of stock prices to a shock in QE.
Additionally, Alam and Uddin proved a significant negative relationship between interest rates and
share price across developed and developing countries [42]. Further research could expand the subject
to include both short- and long-term interest rates to prove the causes of lagged responses to shocks.

Brooks, Patel, and Su discovered that when unfavorable news about unpredictable events is
publicly announced, equity prices reverse following the initial negative price reaction, suggesting that
investors overreacted [43]. Their discovery perfectly match the research findings, as shown in Figure
1, even though the impulse responses almost return to zero at the fifth period. Particularly during QE1,
the stock market responded to a shock in the Fed's balance sheet over a comparatively longer period
of time than following programs.

Moreover, Tan and Kohli predictions on QE2 were actualized in the financial market, and even
validated in further crises with implementation of QE [21]. The impulse response function (Figure 1)
has shown that a positive shock in QE will make assets more valuable after a quick fall in stock prices,
possibly owing to an ascent in the stock volatility at the end of QE program.

Bedikanli analysed the effect of Federal Reserve Banks (FED)’ s large-scale asset purchase (LSAP)
on stock prices (S&P500) in the US [29]. By using the Error Corrected (EC) version of the
Autoregressive distributed-lagged model (ADL), the results show that there is a statistically
significant positive long-run relationship between the FED’ s balance sheet and stock prices. However,
this inquiry found ambiguous evidence of the existence of co-integration equation and no significant
error correction term between the same endogenous variables. This difference could be explained by
the distinguished samples since Bedikanli analyzed quarterly data from 2009Q1 to 2018Q4.

Furthermore, this study found bi-directional Granger-cause effect on both stock prices and Fed’s
balance sheet, which is consistent with Hashemzadeh and Taylor, who discovered a bi-directional
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feedback system between money supply and stock prices [24]. Although money supply is not equal
to Fed’ s balance sheet, QE programs inject money into the economy by raising assets. There could
be a linear relationship between them and this could be deeply analyzed in the future research.

According to Tawadros and Moosa, QE may only have an impact once a specific threshold has
been reached [25]. This interpretation could potentially clarify hitherto findings in this investigation.
In model (1) with data between 2007 and 2023, QE had significant effects on S&P500 index at 5%
level. Nevertheless, when dividing the data set into four distinct periods to align with the four
quantitative easing (QE) programs, this study observed that the Federal Reserve's balance sheet had
a negligible effect on the S&P 500 index during the QE2 and QE3 periods. The purpose of the QE2
and QE3 programs, which aimed to further stimulate the economy following the 2008 financial crisis,
might account for these behaviors. QE2 shrunk the balance sheet compared with QE1 [12], and QE3
was implemented with the intention of strengthening the labor market by employing the state-
contingent approach [40]. Meanwhile, in QE4 period, S&P500 responded only significantly to
changes in 4th lagged Fed’s balance sheet at 5% level. The delayed response in S&P500 might result
from the lockdown and recession during the Covid-19 pandemic [41] when people lost confidence
about market.

9. Conclusion

To sum up, this research aimed to analyze the effect of historical Quantitative Easing (QE) programs
on U.S. stock price index S&P500. Based on quantitative analysis on a structural VAR model,
S&P500 index responded significantly to shocks in QE during the QE1 and QE4 periods. S&P500
would drop quickly in two months and then rise significantly over long time. Beyond previous
research, this article established a link between data analysis and the motivations of historical
quantitative easing programs. Hopefully, the findings will enable investors to make judicious
investments that yield respectable returns, even in times of recession. This research clearly illustrates
the lagged effect of QE programs on S&P500 index, while it also raises the potential omitted variables
bias issue. There are several economic factors that have a substantial impact on the stock market. For
instance, a positive significant coefficient was ascertained on the constant term in model (1), defined
as linear trend, which might be potentially explained by climbing inflation over time. To better
comprehend the inferences of these results, future studies should consider broader economic
indicators and contemporaneous policies that affect the market. Finally, further research should
concentrate on dissecting the relationship between short-term and long-term interest rates and lagged
responses in the financial market.
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Appendix 1. The line chart of DILSP500 and D1Value

o o
011 . . .
.3 R
e T
ssgat . 5
- = EH - .
ot e o
o |98 ‘I! ] Bor o . .
0.0- .ot TH
+ i Lty 5
[e=]
% . . ='.l i, & .
. -
= . ,'a . .
Ia) ¥yt s
- -
01- O
.
.
702— -
0.0 02 04 0.6
D1Value

Appendix 2. The scatter plot of DILSP500 and D1Value
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