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This study investigates the co-movement between the Twitter-based economic
uncertainty index (TEU) and US energy stocks using the wavelet coherence method. The
results reveal a homogenous negative co-movement of the TEU with the energy stocks,
implying that a rise in TEU leads to declining energy stock prices. Nevertheless, a
heterogeneous co-movement of the TEU with other sectors has been detected in the US
market. Besides, the results reveal a positive and significant co-movement of the TEU
with the Standard & Poor (S&P) 500 index over the medium and long-term horizons
though the co-movement became more pronounced during COVID-19.

I. Introduction

The recent COVID-19 crisis has increased the uncer-
tainty in financial markets due to a lack of confidence in
the future global economic outlook (Athari et al., 2023).
The COVID-19 pandemic also changed communication
processes and information retrieval. Social media applica-
tions showed higher growth during the pandemic due to
mobility restrictions. Twitter is the most popular social me-
dia platform for sharing opinions and emotions about dif-
ferent hot topics among investment managers, global lead-
ers, and the general public. For instance, based on the
Policy Uncertainty website (Access date: 12 August 2023),
the average total number of English tweets was 1,412,758
in December 2019 which significantly increased due to the
pandemic to the highest of 4,457,241 in April 2020. The
literature in behavioral economics underscores the impor-
tance of individuals’ and groups’ sentiments or opinions.
Social platforms such as Twitter could share information
about financial and economic conditions to create aware-
ness and provide insight into predicting financial markets
(Broadstock & Zhang, 2019).

Over the last three decades, some literature has been fo-
cused on investigating economic uncertainty’s effect on fi-
nancial market behaviors by employing different proxies for
uncertainty. For instance, several studies used the Chicago
Board Options Exchange (CBOE) volatility index to measure
volatility in equity markets (Shahzad et al., 2020). Likewise,
numerous studies used the Google search trends index as
an indicator of investors’ attention to equity and cryptocur-
rency markets (Zhang & Wang, 2020), and also the eco-

nomic policy uncertainty index (EPU) (Athari et al., 2022).
Besides, several studies used TEU as a predictor of equity
and cryptocurrency markets at the aggregate level and con-
cluded that Twitter sentiments could predict market re-
turns (Chatterjee & French, 2021). As discussed in previous
studies, a high level of uncertainty leads to a rise in the
volatility of a firm’s cash flows, reducing the firm’s capital
investment and financial performance, deteriorating finan-
cial markets (e.g., a higher cost of external funding and fi-
nancial shortfalls), and decreasing the prosperity of busi-
ness environments, which ultimately impacts firms’ stock
prices (e.g., Athari & Bahreini, 2023; Irani et al., 2022).

As the COVID-19 pandemic spread globally, economic
and financial uncertainty increased internationally, and a
new avenue of research opened to explore the relationship
between various asset classes. For instance, Choi (2020)
tested the impact of EPU on the volatility of Standard &
Poor (S&P) 500 economic sectors and found that the
COVID-19 pandemic increased the volatility of all equity
sectors. Matos et al. (2021) highlighted the adverse effects
of COVID-19 deaths on the S&P sectors during the first
wave. Siddique et al. (2021) demonstrate that gold, bitcoin,
and green bonds had the slightest relationship with equity
markets during the COVID-19 pandemic. Recently, Athari
and Hung (2022) found that the co-movement between the
various asset classes was strengthened during COVID-19.

What about the nexus between the TEU and energy
stocks? Despite previous studies (e.g., Athari & Hung,
2022), fewer attempts have been made to examine the co-
movement between the TEU and stocks from both time
and frequency horizons, particularly during the pandemic.
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Since the energy market is closely linked to economic
growth, it is essential to probe the TEU-energy stocks re-
lationship to understand better how economic uncertainty
could impact energy stocks. The energy market is theoret-
ically more sensitive to economic uncertainty than other
kinds of uncertainty. Unlike other industries, energy firms
face higher risks due to their large scale and long payback
period. Energy prices can also fluctuate due to economic
uncertainty, causing changes in energy market supply and
demand and energy consumption and production.

This study answers the subsequent questions: (i) During
the COVID-19 period, was there any causal link between
TEU and US energy stocks? (ii) If so, in which direction(s)?
(iii) Are the co-movements between TEU and stock prices
homogeneous or heterogeneous between other sectors and
at an aggregate level relative to the energy sector? Under-
standing these relationships helps portfolio investors and
asset managers diversify their portfolios and hedge against
risks.

We employed the more advantageous wavelet coherence
approach, which considers both time and frequency and
nonlinearity between different time series and identifies
the leading or lagging variables over time. Additionally, we
used a novel TEU proxy for measuring economic uncer-
tainty. The TEU (Baker et al., 2021) includes tweets from
Twitter users in the US. This study selected TEU because
most risk-averse equity market investors are influenced by
their moods, sentiments, or uncertainties (Chatterjee &
French, 2021). Furthermore, unlike a monthly EPU proxy,
a daily Twitter-based measure of uncertainty may capture
consumers’ short-term uncertainty better.

This paper is organized as follows: Section II presents
the data and methodology, Section III discusses the empir-
ical results, and Section IV concludes the paper.

II. Data and Methodology

We collected the daily price data of the US stock market
at both aggregate and sectoral levels from 1 June 2011 to
24 December 2021 from the Thomson Reuters DataStream
database. Likewise, we obtained the daily TEU from the Pol-
icy Uncertainty website."

As shown in the descriptive summary in Table 1, the
standard deviation of TEU is high, implying higher uncer-
tainty levels during the sample period. The kurtosis val-
ues are also high, indicating more weights to tails than the
normal distribution. Besides, the results of the Jarque-Bera
test reject the null hypothesis of normally distributed log
returns of variables. Furthermore, the ADF unit root test
shows that the TEU and S&P 500 index and its sectoral in-
dices follow the stationarity process.

Using the wavelet coherence method initially developed
by Goupillaud et al. (1984), we analyzed the time-frequency
connection between TEU and the US stock market. By al-

lowing the subdivision of the one-dimensional time series
into the bi-dimensional time-frequency range, wavelet
methods demonstrate their originality and allow us to de-
tect causation and correlation in the short, medium, and
long term, respectively. According to Kondoz et al. (2021),
a multiscale decomposition technique offers a natural intu-
ition for frequency-dependent aspects to disclose the link-
age between TEU and the US stock market.

III. Empirical Results

As displayed in Figure 1, the results show a negative co-
movement between TEU and energy stock returns, which
we can observe with « arrows over the frequency bands of
32-512 days during 2019-2021. This implies that a rise in
TEU leads to declining energy stock returns and vice versa.
This finding aligns with our expectations; energy compa-
nies are very sensitive and significantly impacted by rising
economic uncertainty (Shafiullah et al., 2021).

Figure 2 (A-]) presents the results of the co-movement
between TEU and S&P 500 sectoral indices. The red region
in Figure 2 indicates the strong co-movement from 2019 to
2021 when Twitter became the popular platform for shar-
ing investment opinions with investors. The blue area from
2012 to 2018 shows the low co-movement among S&P 500
sectoral indices returns and TEU. Specifically, the intercon-
nections between the TEU and S&P 500 sectoral indices in-
creased significantly during the last three years.

As shown in Figure 2A, the arrow ~ in 2015-2016 at
frequency bands of 70 to100 days indicate the positive co-
movement between commercial services sector index re-
turns and TEU. There is also a negative co-movement be-
tween the commercial services sector index returns and
TEU’s leading effect in the medium- and long-term invest-
ment horizons. The wavelet coherence results in Figure 2B
depict the positive and significant co-movement between
consumer staples sector index returns and TEU during the
initial two waves of the COVID-19 pandemic, which is in-
dicated by the shaded red areas and \ in 64 to128 days
and 256 to 512 days frequency bands with the leading effect
of TEU. These findings suggest that consumer staples/food
items can provide higher returns for medium- and long-
term investors and can be used to hedge the uncertainties
during the COVID-19 pandemic.

Figure 2C shows the positive and significant co-move-
ment between consumer discretionary sector index returns
and TEU during the COVID-19 pandemic, which is indicated
by the red area and \ arrow in 256 to 400 days and 512 to
1,024 days frequency bands with the leading effect of TEU.
This reveals that the consumer discretionary sector delivers
higher returns to long-term equity market investors, sup-
porting Matos et al.'s (2021) findings. As expected, Figure
2D shows the negative co-movement between TEU and fi-
nancial sectors index returns, which we can observe with

1 http://www.policyuncertainty.com/index.html

Energy RESEARCH LETTERS 2


http://www.policyuncertainty.com/index.html

Twitter-Based Economic Uncertainty and US Energy Market: An Investigation Using Wavelet Coherence

Table 1. Descriptive Statistics

TEU S&P 500 COMSRV CDISC CSTAPLE ENERG FINAN HEALTH IND IT MATER RESTATE UTIL
Median 70.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Std. Dev. 106.24 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Skewness 3.94 -0.93 -0.53 -0.97 -0.43 -0.94 -0.64 -0.44 -0.68 -0.61 -0.62 -1.29 -0.33
Kurtosis 28.98 21.44 12.31 15.51 19.81 22.95 18.41 13.04 17.12 16.61 13.14 26.98 24.72
Jarque-Bera 84668.04 39482.93 10112.11 18396.82 32542.54 46126.48 27456.92 11692.51 23112.19 21453.80 11986.35 66840.58 54265.56
P-Value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ADF -5.31 -17.43 -16.98 -35.52 -16.81 -17.97 -19.64 -20.19 -19.48 -18.24 -35.22 -35.35 -16.59
P-Value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Obs. 2758 2758 2758 2758 2758 2758 2758 2758 2758 2758 2758 2758 2758

Table 1 shows the descriptive statistics of TEU and the US stock market at both aggregate and sectoral levels from 1 June 2011 to 24 December 2021. Besides, Table 1 reveals the ADF unit root test results. The sectors include Commercial services (COMSRV), consumer discretionary (CDISC), consumer sta-
ples (CSTAPLE), energy (ENERG), financials (FINAN), health care (HEALTH), industrials (IND), information technology (IT), materials (MATER), real estate (RESTATE), and utilities (UTIL).
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Figure 1. Time and Frequency Co-movement between TEU and US Energy Stocks

the v arrow over the frequency bands of 32 to 512 days
from 2019 to 2021. However, the healthcare sector index re-
turns show some resilience during the COVID-19 pandemic
(see Figure 2E). These findings posit the positive co-move-
ment with the healthcare sector index returns and TEU ()
in the 64 to 128 days frequency band during 2020 when the
healthcare sector performed well due to the COVID-19 vac-
cines.

As presented in Figure 2F, the findings indicate a strong
and negative co-movement («) from 2018 to 2021 at the
frequency bands of 16 to 512 days. These findings show that
equity market investors cannot hedge economic uncertain-
ties by investing in the industrial sector. Similarly, Figure
2G shows the negative co-movement between the informa-
tion technology sector index returns and TEU for medium-
and long-term investors, supporting Choi’s (2020) study.
Moreover, Figures 2H, 21, and 2] highlight the negative co-
movement between the real estate, materials, and utilities
sector indices returns and TEU, which is indicated by an
arrow (¢ ) with the leading effect of TEU, again support-
ing Choi’s (2020) study. The negative co-movement could
be because these sectors are the receivers of the volatility
shocks from other sectors, especially from the energy sec-
tor, because of lockdowns, which resulted in a fall in de-
mand for these services.

Figure 3 also reveals the results of the wavelet coherence
of TEU and S&P 500 index returns. The downward direction
of the arrows shows that the first series (TEU) leads the sec-
ond series (S&P 500 index) and vice versa. Figure 3 shows
a significant negative co-movement between S&P 500 in-
dex returns and TEU during 2019 at the frequency of 16
to 300 days. The v arrow shows the anti-phase nexus be-
tween the S&P 500 index and TEU, with the dominant ef-
fect of TEU on the S&P 500 index. Based on the COVID-19
crisis (2020-2021), the red area shows a strong correlation
between the S&P 500 Index and TEU over the long term.
Figure 3 reveals that the negative co-movement between
the S&P 500 Index and the TEU will spread to the 64- to
128-day frequency band in 2020 as the first and second
waves of the COVID-19 pandemic hit the stock market, sup-
porting Scherf et al.'s (2022) study. Overall, the results un-
derscore that the US sectors react differently to TEU in the
various time and frequency dimensions.

IV. Conclusion

The study examines the time and frequency of co-move-
ment between the TEU and the US energy stocks using the
wavelet coherence method. Overall, the results reveal that
there is a negative co-movement of the TEU with the energy
stocks though a heterogeneous co-movement of the TEU

Energy RESEARCH LETTERS 4
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Figure 2. Time and Frequency Co-movement between TEU and S&P 500 Sectorial Stock Indices

with other sectors. Moreover, the results reveal a positive
and significant co-movement of the TEU with the S&P 500
index, at the aggregate level, over the medium- and long-
term horizons, while the co-movement became more pro-
nounced during COVID-19.

Our findings have significant implications for policy-
makers, analysts, investors, and asset managers to hedge
their portfolios to get higher portfolio returns, particularly
during the pandemic outbreak. The results have also been
helpful for foreign investors to understand that US sectors
have heterogeneous responses to changes in TEU.

It would be interesting for further studies to conduct this
nexus for other developing and developed stock markets.
Also, it would be helpful to examine the interdependence

of TEU with other asset classes during the COVID-19 pan-
demic.
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AEDT

Energy RESEARCH LETTERS 5


https://erl.scholasticahq.com/article/90917-twitter-based-economic-uncertainty-and-us-energy-market-an-investigation-using-wavelet-coherence/attachment/188996.jpeg
https://erl.scholasticahq.com/article/90917-twitter-based-economic-uncertainty-and-us-energy-market-an-investigation-using-wavelet-coherence/attachment/188996.jpeg

Twitter-Based Economic Uncertainty and US Energy Market: An Investigation Using Wavelet Coherence

Wavelet Coherence:S&P 500 vs Twitter Uncertainty
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

“H 'li'” | M |I|l.|! I \IH ]‘,:I,f'rul ‘.l " JMMIHF'\,; rj[llljll

< ':1 ”., "- L H{UH'“" ]
N UM W ¢l |
01N BC . &

Scale
64

256

200 1000 1500 2000 2500

Period

Figure 3. Time and Frequency Co-movement between TEU and S&P 500 Index
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