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Abstract: Brexit has profoundly impacted not only international economies but also the local
economy of the UK. This study builds upon previous research on the effects of the Brexit
referendum, while avoiding the formal Brexit period that overlapped with the COVID-19
pandemic, to examine the short-term and long-term impacts of the Brexit referendum on the
UK's local economy. The study innovatively employs the Difference-in-Differences (DID)
model, which has not been previously used in this context, to assess the impact of the Brexit
referendum on stocks significantly affected by Brexit compared to those less affected.
Additionally, the study utilizes the Vector Autoregression (VAR) model and Impulse
Response Functions (IRF) to analyze how Brexit-related shocks, specifically abnormal stock
market returns, impact key economic variables: the ten-year UK government bond yield and
the GBP/USD exchange rate. The findings confirm that Brexit-related news has immediate
and lasting effects on market volatility, with significant short-term impacts on the UK's local
economy, while the long-term effects are relatively mild.
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1. Introduction

Brexit is undeniably a major event with international repercussions, particularly affecting the UK's
local economy in profound ways. This study is dedicated to analyzing the short-term and long-term
impacts of Brexit on the UK's local economy. In terms of methodology, the Generalized
Autoregressive Conditional Heteroskedasticity (GARCH) model and its variants have been widely
utilized in previous Brexit research [1-3], with some studies also incorporating the Vector
Autoregression (VAR) model for enhanced analysis [3]. The event study method is another prevalent
approach [4-7], often focusing on stock market abnormal returns as the dependent variable [4].
Additionally, paired t-tests and regression analyses have also been used [8-9]. Furthermore, although
not within the context of Brexit articles, some studies on stock analysis have also utilized the
Difference in Differences (DID) model. Regarding variable selection, Stoupos and Kiohos [2]
selected the UK government bond yield, while Ngwakwe [8] chose the EUR/GBP exchange rate.
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This research will select two stocks, one significantly impacted by Brexit and another less so, and
apply the DID model to assess the impact of the Brexit referendum on the returns of the stock more
significantly affected, along with the GARCH model and its variants to analyze the volatility of time
series data. Additionally, the VAR model and Impulse Response Function (IRF) will be used to
visualize how shocks to stock market abnormal returns impact the ten-year UK government bond
yield and the GBP/USD exchange rate. The selected variables include the ten-year UK government
bond yield, the GBP/USD exchange rate, and the closing prices of the two stocks.

The significance of this study lies in its innovative incorporation of the DID model into Brexit
research, using multiple variants of the GARCH model to validate the analytical methods. Through
the IRF, it meticulously demonstrates how shocks to stock market abnormal returns affect the
government bond yield and GBP exchange rate, addressing gaps in prior research regarding variable
changes.

2.  Methodology & Analysis
2.1. Data

To analyze Brexit, the primary research points are the Brexit referendum on June 23, 2016, and the
formal Brexit date of January 31, 2020. Due to the overlap of the official Brexit and the COVID-19
pandemic, many studies have preferred to use data from around the time of the referendum. This
study adheres to the same approach.

The study period was initially defined, spanning from April 13, 2016, to August 30, 2016.
Subsequently, data on the GBP/USD exchange rate is downloaded from Yahoo Finance, and datasets
for the UK ten-year government bond yield, the FTSE100 index, and the FTSE250 index are obtained
from Investing.com. According to Ngwakwe [8], who used the FTSE100 index and suggested
exploring other FTSE indices, this research focuses on this broader context. The FTSE100 index,
comprising large multinational corporations, is less sensitive to local economic shocks with its global
exposure, while the FTSE250 index, with more UK-based companies, reflects domestic economic
impacts and is more susceptible to Brexit effects. The disparity between these indices provides a
measure of abnormal stock market returns, offering insight into the differential impact of Brexit. From
these datasets, the date, prices of the FTSE100 and FTSE250 indices, and closing values of the
government bond yield and the GBP/USD exchange rate are retained to form a new consolidated
dataset. Given that the stock market is not open every day, there are 71 days before the Brexit
referendum and 68 days after, ensuring a relatively balanced comparison across both periods.

2.2. DID & GARCH with its variants

The section starts with the application of the Difference-in-Differences (DID) model. This
econometric tool assesses the Brexit referendum’s impact on financial markets by analyzing the
closing prices of the FTSE250 (treatment group) relative to the FTSE100 (control group). By
comparing price fluctuations before and after the referendum and evaluating the differential trends
between these indices, the model systematically isolates and clarifies the referendum’s effects on
market dynamics.

The econometric model used in this analysis is specified as follows:

FTSE250Return,, = 3, + B, * Treatment, + {3, * Post, + B * (Treatementi * Postt) + g, (1)

Where:
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e FTSE250Return, represents the return calculated using the closing prices of FTSE250 index for
each observation i at time t.

e Treatment; is a dummy variable for the treatment group, assigned a value of 1 if the FTSE250
price is higher than the FTSE100 price, otherwise 0.

e Post, isa post-referendum dummy variable, assigned a value of 1 if the date is after June 23, 2016,
otherwise 0.

e Treatement; * Post, is an interaction term used to capture the effect of the treatment group in the
post-referendum period.

The result is as follows:

Table 1: DID model results-Differential Impact of Brexit on FTSE250 Prices

Durbin-Watson: 1.449 AIC: -533.2
BIC: -528.1

From Table 1, it can be found that the AIC and BIC values are -533.2 and -528.1, respectively.
Therefore, the model with the lower value should be selected, favoring the AIC criterion.

However, the Durbin-Watson statistic of 1.449, being close to 1.5, indicates a mild positive
autocorrelation. This suggests that the current value of the series tends to be positively correlated with
its previous value, implying that consecutive values tend to be similar. The results of this model also
reveal that the Brexit referendum does not have a significant impact on the returns of the FTSE250,
indicating low explanatory power and suggesting the need for a model revision.

Consequently, the analysis employs a time series model focusing on the volatility of the data. A
GARCH (1,1) model can be utilized, and the conditional volatility fitted by the model is plotted.

Table 2: GARCH (1,1) Model Results-Volatility Model

Coef Std err t P>lt|
omega 0.1036 0.108 0.964 0.335
alpha [1] 0.4963 0.254 1.954 5.069¢-02
beta [1] 0.5037 0.292 1.725 8.450e-02
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Figure 1: GARCH (1,1) volatility time series

Table 2 shows that both alpha[1], indicating the impact of new information on volatility, and
beta[1], representing volatility persistence, are statistically significant. This suggests that past
volatility significantly influences current volatility. Additionally, the volatility time series chart
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shows a significant increase in the FTSE250’s volatility on July 1, 2016(a notable peak in the figure),
reflecting heightened market uncertainty or risk due to major events like Brexit.

Subsequently, attempts are made to modify the GARCH model in two directions to enhance its
analytical capabilities. In the first direction, the lag order is increased by employing the GARCH (2,2)
normal distribution and GARCH (2,2) t-distribution for analysis. In the second direction, influenced
by Arshad et al.[1], who used the EGARCH model and suggested exploring TGARCH and PGARCH,
GARCH variants including PGARCH, TGARCH, and EGARCH, are explored based on the GARCH
(1,1) model.

Table 3: EGARCH model results

Coef Std err t P>|t|

mu 0.0867 5.236e-04 165.564 0.000

omega -0.0113 0.154 -7.353e-02 0.941
alpha [1] 1.4224 0.333 4.275 1.911e-05
beta [1] 0.5771 7.169e-02 8.049 8.319e-16

Among these models, the EGARCH variant exhibit the best performance. The EGARCH model is
particularly noteworthy as it allows for differing impacts of positive and negative shocks on volatility.
It demonstrates a t-value of 165.564, indicating a very high level of statistical significance with a P-
value less than 0.0001, reflecting an extremely significant level. Furthermore, the P-values for alpha
and beta are close to significant, indicating that new information has a considerable immediate impact
on volatility, and that volatility possesses a high degree of persistence.

2.3. VAR & IRF

Clearly, Brexit significantly impacts stock market volatility, with financial markets reacting to the
event and transmitting this response through volatility to other economic variables. Consequently,
VAR model and impulse response functions (IRF) are used to analyze how stock market volatility
impacts the ten-year UK government bond yield and the GBP/USD exchange rate over time,
exploring both its short-term and long-term effects.

The econometric model used in this analysis is specified as follows:

P P P
Yi=c¢ + Z oY + Z B Ei+ Z VAR + €1 (2)
i=1 i=1 i=1
P P P
Ei=c+ Z 0 Y- + Z ByEi + Z VAR + €y (3)
i=1 i=1 i=1
P P P
ARy =c¢3 + Z 03; Y i + z ByEi + z V3 AR-; + &5 (4)
i=1 i=1 i=1

Where:

e Y,: Stands for the ten-year UK government bond yield at time t.
e E.: Represents the GBP/USD exchange rate at time t.
e AR;: According to Bashir et al. [4], who used the market model to calculate abnormal returns; AR,

of this model is calculated as the difference between the daily percentage returns of the FTSE 250
and the FTSE 100: AR, = R250, — R100,
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e i:lag term. In this case, 11is set to 5 days.

And the results are as follows:
VAR model results with a logarithmic transformation to all variables:

Table 4: Results for equation TenYearBondYield

Coef Std err t-stat prob
L1.AR t 0.012994 0.008756 1.484 0.138
L2.AR t -0.016950 0.009393 -1.805 0.071
L3.AR t 0.006447 0.009498 0.679 0.497
L4.AR t 0.007306 0.009690 0.754 0.451
L5.AR t 0.000500 0.008856 0.056 0.955

Table 5: Results for equation GBP/USDExchangeRate

Coef Std err t-stat prob
L1.AR t 0.005402 0.001213 4.454 0.000
L2.AR t -0.000983 0.001301 -0.755 0.450
L3.AR t 0.002169 0.001316 1.649 0.099
L4.AR t 0.001713 0.001342 1.276 0.202
L5.AR t 0.002369 0.001227 1.931 0.053

Initially, a 5-day lag period and the AIC criterion are chosen for model selection, but found that
most coefficients are not statistically significant (high P-values). Therefore, variable transformation
via logarithmic transformation is used to improve the VAR model's statistical significance and
explanatory power. In the ten-year bond yield equation, AR t’s effect improves, especially at the first
lag (L1AR t), approaching significance; a positive coefficient at LIAR t indicates that higher AR t
tends to increase the bond yield. For the GBP/USD exchange rate, AR t lags, particularly at the first
and third lags (L1.AR tand L3.AR t), show better significance, indicating that past changes in AR t
significantly affect the current GBP/USD exchange rate, with the positive coefficient of L1.AR t
suggesting that an increase in AR t tends to raise the GBP/USD exchange rate.(As shown by table 4
and table 5)

Then, IRF is utilized to illustrate the short-term and long-term impacts of shocks from stock market
abnormal returns. Despite wide confidence intervals for some variables indicating significant
volatility and uncertainty, most response curves remain within these bounds, showing the model’s
effectiveness in capturing dynamic relationships. Additionally, most variables response begin to
diminish soon after a shock, suggesting the system’s gradual return to equilibrium and confirming
the model's stability and precision. The relevant charts for a 30-period pulse response analysis on the
ten-year bond yield and the GBP/USD exchange rate are selected from this analysis.

IRF results
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Figure 2: the impact of AR t on the ten-year bond yield
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Figure 3: the impact of ARt on the GBP/USD exchange rate

In these two charts, short-term effects are represented by the distance between the red and green
lines, while long-term effects are indicated by the distance from the 0.00 axis to the green line.
Observations reveal that the ten-year bond yield reacts quite dramatically to shocks in stock market
abnormal returns, with significant fluctuations; the peak reaches 0.0205, the trough at 0.0025, short-
term effect measures 0.018, and long-term effect at 0.0025. In contrast, the GBP/USD exchange rate
response to the same stock market abnormal returns starts with a rise followed by a decline, exhibiting
smaller fluctuations; the peak is at 0.0086, the trough at 0.0003, short-term effect measures 0.0083,
and long-term effect at 0.0003.

3. Conclusion

From the analysis using DID, GARCH, and its variants, the GARCH (1,1) model confirms that Brexit
has significantly impacted British businesses and the economy, with the EGARCH model providing
the best fit. This indicates that Brexit, as new information incorporated into the model, has indeed
caused immediate and relatively persistent effects on stock market volatility. Using the IRF, it shows



Proceedings of the 8th International Conference on Economic Management and Green Development
DOI: 10.54254/2754-1169/129/2024.18381

that Brexit's impact on the UK's local economy is primarily short-term, with existing but milder long-
term effects.

Regarding the limitations of this study, further improvements can be made when using the GARCH
and VAR models. For instance, the GARCH model could incorporate macroeconomic variables or
market sentiment indicators to more comprehensively capture market volatility; while the VAR
model might incorporate indicators such as inflation rates to more accurately capture economic
dynamics. Additionally, future studies on Brexit should focus on its more recent effects and explore
its ongoing impact on the UK's local economy.
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