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Chapterl Introduction

State pfoblem

Itcannot be denied that trading in stock market has played
I n today?3s f i nenmronmalich that,rttke entajoridyrod
people turn their attention to
best indicator of how well that econdtoywevealgitite investment in
stock market is sometimes probably risk.s8ioklepcitasgi® market
are varied in daily due to many factors within the transkction in
can be affected by other externalities apart from mmaitkedsmecha
recent COVY9pandemic sinceTh@$9.investors will always be looki
fa other investmeaoptitoize portfolio comdmaivensify their risk in
the midst of uncertain etbhreommake the characteristics of assets
portfolio aaésoimportant iton v e st o r shaivenc Hedgec er (
Diversifier).

Likewise, Commodities market especially on Agricultural co
more expanding of buyers and sellers in the presenaakmmange m
C. (2020)nhey hawecome more like financial markets fohiaghvestme!
also has traditionally used as attractive diversificatthedgppgrtunitie
riskin investor portfolio performance due to its sometimes low
correlationth stock market @k=seten et al. (RAMing the past
twenty years (especially-201@0f8ancial crisis), many institutio
portfolio managers added commodity derivatives as an asset
portfoliolheuse odommodity derivatives has substastatigtedth
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with trade hedBwgentioned of Banton, C. (2020), Some commodi
more stability than others, such as gold and oil, which also serve
asset for central banks to buffstoagainkitilNpnetheless, the
agricultural market is linkezffextostess measure of many indust
such as food and beverage, textile, auto parts, bio energy and
health care service which were inevitably relat&dntarkeecid st
individual stotks. agricultural commodities have been increased |
on the markets at last {(f0ggeafdith more support of policy, technolo
andR&D at agricultural industry in many countries especially ©
marke Likewise, the trading systaowauldimarketsetradeéwith
uncallddr real assets exch@iddsgatime streamimbe agricultural
futures are being add to financial institutional funds and have the
in portfolios as mentioned from various sources of information
Economist, Bloomberg, and Financial Times. Thus, if an un
economic is going to be occurred in the future, there will have
which can belsafen assets fraomcssion of stock market.

Figuré& Commodities Futures Trade Volu@eOb@@e&n8
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Meanwhile, the role of behavior among assets were investi
withsafdnaven analysis that apart from traditional correlation
Following Kaul and Sapp (2006), Sdderlind (2010), and Cho, D
(2021) studiesshs&bBn is any asset that investors are drawn to in u
times which can providebleeaditsgduring periods of financial distr
Furthermore, Baur, D. G., & Lucey, B. M. (2010) and Baur, D. G.,
T. K. (2010) defined a more easily quantifiable metric form and
relationship behavior between assets inftedyeediypesifier, and
safdhave). The specific property chavesafasset is thposiive
correlation with a portfolio in extreme downturn nftaiket cond
compensating the investor for losses since shé@aveassethe
rises when the price of the other asset or portfolio falls. Hence, in
the correlation can be positive or negative. For a hedge asset rol
as an asset that is uncorrelated or negatively correlated with an
potfolio on average. And the last, diversifier, it is meant as an as
positively with another asset or portfolio on average, but .not perfe

Many empirical studies investigated the correlation of com
stock market ondbmpson of-safen analygasu, P., & Gavin, W. T.
(2010Baur, D. G., & Lucey, B. MBa201D) G., & McDermott, T. K
(2010)Aftab, M., Shah, S. Z. A., & Ismanhda(B01®) & Dhiman, B.
(20190ound that Institutionat imveestou s e o f commod.i
againstaioustock marketinisteased the portfolio perforecarde
timesThese studies were examined by multifarious ways of e
methodology such as GARCH, Dynamic Conditional Correla
multivariate stochastic volatilitwawEdhd Quantile Regression
Howevdhese traditiap@lroachtbey did not interest about detecting
directional predictability and quantile dependence relationship am

3



SEResearch Scholarsb22l0# Stock Exchange of Thailand

tweasset time serigeynly exandinke timeaarying mé@mean
dependency stru@wraable to assess the tail deparnmbamEure

that the shBwen assmuldexperiencing a similar extreme condi
competent of partly covering the extreme negaByerstsdniedgurns
having two markets in completely diffeenmargtadesnario, as we
known tkkeboom cocrash in financial mahewsmpirical works from
Cenesi zoglu and Ti mmer mann (200
especially on financial time series have heavy tail and asymmetri
return distribution. They lfalen@vadence for suggesting the cente
distribution is helpful in predicting different parts (quantiles) of stc
tail, rigtdtil, shoulders of the return didoreotré@tjo, D., & Han, H.
(20213howed thae traditiongdr@gches could not be the suitabl
measures of dependence among financial assets. The results fi
method arecagture dependence in extreaneunsdetgt

To extend the previous literature, evesilapttillogram (CQ)
approach developed by Han et al. (2016), an extension of the
method proposed by Linton and Whang (2007), togeeantiee the
dependence and directionality analysis between the variables, wt
diffeent quantiles, which essentially represents different market st
IS an innovative measure of dynamic interdependence under v
conditions and offers more flexibility than the traditional meth
advantage of the-quramiesgram method, it makes the measureme
crossorrelation for large lags possible which can observe the
between variables in suitable settlement period price (daily, we
and annual). In addition, this methodologytcayeheratigpbadther
presentation of results such heatmap andapgtioactwimclows
conceptually appealing and simple to interpret. The heatmap res

4
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how much times of potential asset can approvequbetilequantil
signifaot role of beinghaaés asset with more attractive visualizatic
easier to analyze. The rolling window directional predictability cal
timearying crgaantilogram and observe the evoluthmvenh tiodesafe
before and duhiegrisis period.

There were a number of papers studied correlation betwee
by using the ayoastilogram method. Shahzad, S. J. H., Bouri, E., |
D., Kristoufek, L., & Lucey, B. (2019) usingnthegmawessand
constructed angoWindow directional predictability to cgmlgare Bitc
and commodities with different stock markets. Uddin et al. (2019)
crosguantile dependence of renewable energy (RE) stock returns
stock returns, changes igoddl @mnces, and exchange rates. Ji, Q., Zt
D., & Zhao, Y. (2020) aimed to-hienkea asset for the investment:
during CO¥®Dpandemic has shaken the global financial system a
great turmoil of overall economy especially. dloisedoklessrkihere
were not provide much study the relationship on agricultural cor
stock markespecially in Asia and ASEAN countries such as T
Furthermarbservitige dependence between individual agricultural
and stbanarkeathethan overall commodities index is also essent
investors in portfolio manageme®odeisipurpose of study, we
attempt to investigate the role of Agricultural commodities agair
market by conducting theamfogsam (CQ) approach among differer
products (over alfdturepricexcseybean, dubber a
wheat) and other types of commodities (ex. oil and gold). In add
categorize the time series into sectiarecborodhiteesents (crisis and
whole time setoesee variety of result within the different period.
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Res&arch Objective:

1. Investigate the correlation between Agricultural Commo:
Thai stock market by cobheQungntilogram appooalcterve their
Crosguantile dependencies, Directional Preduodwabritgoraiolio
strated@afdaven, Hedge, Diyersifier

Expected outcomes

1. Some of Commodities and Agricultural commodities can |
great characteristic-naveaf®r Hedge role against Thai stock marke
downturn conglition

2. The wvarious of assetss prop
usef ul for T nvestor3s portfolio

Definition

Quantile dependenceThe relationshtpre@ssetmmong
crosdifferepositions (tail, sholdegmetamn) distribution

CFDs Contract for Differencedraysgeim
futures marketis uncalledreal assets exogan

Dversification opportéstiasegy used by investors to manage
their risk and return by spreading an investment across different a

Hedging risk An investment that is made for reducing
the risk of adverse price movements in an asset
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Chapter 2 Literature Review

In this chapter we review of related literatures in the rela
Commodities and Stock market. The papers which are used fo
mainly abentpirical studies by using the coheenodrsdiesis and
dynamic conditional correlation. The literatures reviews are sepa
main sectidd$Portfolio Theory and Assets (2)locatwoew and
historical of bammmodity m&8kbe empirical studies of the relations
betweammmodity and stock mizadtiganl Correlation hadeSafe
analysis andC{dpguantilogram and empirical studies

2.1 Portfolio Theory and Assets allocation

Markowitz, H M. (1952) establishe
Selectionpuy which i1 ntroduced the
For a past half century, The Modern Portfolio Theory (MPT) \
adopted to many financial studies and @oefdliosntamagpt can
make both 1 nvestment profession
investors to monitor and evaluate the performance of their inves
simplest form of MPT framework, it provided a methodology to
select portfolio based on the maximized expectation on portfoli
minimized risk of inWdstarsk o wi t z 3 portfolio
referred to the -wegéance analixie to the risk reduction potential
diversification, portfolio investment risk or its variance, is depe!
individual asset return variances as well as covariances of pal
(Mangram, M. E. (2013)). In additivarieoroenceanoepyof the
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portfolio theory was also discussed in Markowitz study such as Ri
Expected Return, Portfolio Return Variance, Covariance and (
Return, Diversification Effect and Efficient Frontier.

Many of literature and book simplified Modern Portfolio T
perspective of Markowitz Portfolio Theory (such as Fabozzi, F. J
Markowitz, H. M. (2002), West, G. (2006), Mangram, M. E. (201.
C., & Kim, D. (2013), FahbzalaFowitz, Ht Ml,(2012)). They
revealed that return and risk have a positive relationship in portf
Markowitz (1952). The risk and return correlation need to be c
iInvestors to manage the risk for minassaag Ithveistment risk will
increase during fluctuated times in the stock market. However, tf
can be reduced by holding a diversified portfolio of assets (com
securitiggportfolio). The main requirement to retlueturnsk fioirna
potentiassetwould not correlate positively and perfectly. If the por
less correlated (or more independent) among the assets, it will h
systematic risk and will be better diversified. Furthermore, Peme
W., & Yasa, G. W. (2020) and Feng, W., Wang, Y., & Zhang
suggested that investors can decrease the portfoliohasiemy addi
assets to their portfolios.

22The role of commodity market through economy and investment
Hill, J. (20pB)vided a general detail about commodity tradin
book as historical and evolution of commodity trading, cat
commodities, derivatives, example of hedging relationship betwe
and consumers (ex. airlines and jet fuelliesngecfommad asset
class. In addition, Schofield, NeGeg@lld)comprehensive informat
about trading on commodity derivatives which covered all types o

8
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It was very useful to have more understanding knowledgesin tradir
apart from direct investment. They also provided the informatio
products production, factors that drive its price, and the role of co
an investment portfolio. Schofield, N. C. (2011) chearegdethad Over
commadd have generated returns greater than those offered by
financial assets. One of the main benefits of commodities is ti
negatively correlated with financial assets and therefore act a
portfolio diversifier. Theagesalddihg commodities portfolio indicate
the commalldtyed portfolio yielded a higher absolute return over tl
It also performed an inflation hedge and hedge against the US dol
As commodities played the role in ecoMemshrvagter D.,
et al (2009) reviewedeanoongtlook of macroeconomics and commc
They referred to the increase on commodities prices after world
which was the longest and broadest although some of its price
sharply s@n2008 as the dramatically raised in demand from global
expanding. Georgiev, G. (2001) reviewed the benefits of commoc
They showed that direct commodity investment can provide signi
diversification benefitstheyenalchievable from cbasedddtock
and bond investment. These benefits came from the unique
commodities to market forces such as unexpected inflation as
potential of a positive return in futures of commoditygiavestme
commodity component to a diversified portfolio of assets has beel
to result in enhancadjustied performance.

23Empirical studies of relationsmpcbatmedity and stock market
Creti, A., Joéts, M., & Mignon, V. t{gatey theeBnkage
between price returns of 25 commodities and stocks by usi

9
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conditional correlation (DCC) GARCH methodology to establish t
between both markets. Their findings were summarized as follo
relationshgtween both commodity and stock market was evolve
time, particularly since th@080@7ancial crisis. the highest correlal
are observed during the financial turmoil, showing increased links
and commodity markets. Secommnsudities performed as a specula
asset, such as oil, coffee and cocoa, which their correlations w
returns grew in times of increasing stock prices, and also dropp¢
bearish financial markets. Then the third réselgvidernzevefesafe
haven role of gold characteristic by its correlations with stock retu
negative. And the last, commodities cannot be considered as a
asset class.

As the most popularity among various types of commt
regoresentative of overall commodities, gold and oil is the best cc
hedging risk from stock market. Many of researcher worked a
observation by difference methodology, data usage, and objecti\
W. (2016), Hood, MK,&FM@013), Liu, W. H. (2020), Wen, X., & C
H. (2018), Junttila, J., Pesonen, J., & Raatikainen, J. (2018), B
Lucey, B. M. (2010), and Baur, D. G., & McDermott, T. K. (2016)).
showed the low or negative corrddatiarked dtoong the major financi
crises which suggested the gold performance to be safe haven
extreme stock market movements. They also recommended the a
stock portfolio enhanceadifisstissdk return

For the correlation between Agricultural commodities and st
Siqueira o6JrT7T. ,E. Bdp 8n(2810p ibviestigate Jhte
autocorrelations andocreksions of the time series in the Brazilian
and commodity maus&tidyhe Detrended @medation Analysis. They

10
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found that the autocorrelations in stock volatilities were weak
commodity volatility series. They also foundothalativamscriosshe
Brazilian stock and commodity makethare wtrangould be expectec
from simple combinations of autocorrelations ofKisghyiGuakseries
Dhiman, B. (2019) studied the cointegration and causality betwe
commodities and NSE&FMCG stock Tridexresultedzandieaited

the absence of cointegration between these assets except som
products such as barley, cottonseed, jeera, mustard seed, and wr
they suggested that investors can hedge their risk by diversifyir
both the kets in case of the products which had no cointegra
causality to NSE&FMCG stock index.

Furthermore, we also studied about the relationship betwee
and stock market in Asian andRdihigadanal,. R. (2017) aimed to stut
and analyzentoaity markets such as gold, silver, platinum, pallac
West Texas Intermediate (WTtbwandesorhe stock markets in Sou
East AsiBheir results suggested that all of these assets would no
rol e as hedgi 8 fve stock marketnvéile igoldfdo its r
as safe haven in Singapore anéiftdblavisj&Shah, S. Z. A., & Ismalil,
(2019) also examined the gold behavior against equities and curr
regions across Asia (East Asia, South AjidhamdréssEA were
similarly to Robiyanto, R. (2017). Gold played a diversifier role
hedging characteristic in majority of the sample in Asian stock ma

24 Traditional correlation modelrenaksafralysis

Engle, R. (2002) proposed a new class of multivariate mc
was called Dynamic Conditional Correlation models (DCC). It ¢
estimated in two steps from univariate GARCH estimates of eac

11
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Engl e, R. ( 2 Cate Zystems ware estimalted (o ingpaosk
exactness of this model for simpler structure. This methodology w
very good approximatiomaoyinmeorrelation processes. The compe
of Dynamic Conditional Correlation modealfivathasen®,ROH and
several other estimators showed that it performs as the most acci
in a variety of situations and provided sensible empirical result:
financial applications.

From a study of Baur, D. G., & Lucey, tReydéfagd)the
clear definition for all three types of assets edpe@allgstat safe
which is the basis for the subsequent analysis. Thefadishinguish
asset from a hedge and a diver$iimpalageetvided the econometric
goproach to be simple quantile regression for analyzate the role
period of stress stock markea&jfadtomes quantile.

25Crosguantilogram and empirical studies

Linton, O., & Whang, Y. J. (2007) proposed the quantilogre
which was a new diagnostic tool for time series estimator. This
used formally under general condition and also be used as sim
device. They applied this method by given the hypothesis wheth
has directional pbédicteo other time series or not. The test is bas
comparing the correlogram of quantile hits to a pointwise confide
on comparing then cumulated squared autocorrelations with the
critical value.

From the previous quantile dependence tool for time series
guantilogram, Han, H. et al. (2016) addresses three outstandin
regard to the quantilogram to be latest apgpuaatihogsaono$3Q): (1)
the construction otroafidtervals that are valid under general depe

12
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structures (2) developing the methodology inside a multivariate
explicitly consider thquarag®gram that can provides a more con
picture of the predictability structapplgntdetsmethod to the questio
of systemic risk and (3) they explicitly -glantilogrenmss be based
on conditional (or regression) quantiles. Moreover, they derived
distribution of thequastslogram that are wahdyuover a range of
guantiles. As the conclusion, they concerngdahalotramroseasy
to compute and the bootstrap confidence intervals appear to rep
enlargements of the Bartlett intervals in the series that we ex
statistic shows thedemqesisdence structure of the time series in a g
fashion that is more informative than the usual methods.

For Cregaantilogram empiricalStadmes], S. J. H., Bouri, E.,
Roubaud, D., Kristoufek, L., & Lucpy@msEDaMew definition of a
weak and strondhaadéa within a bivariatpi@ntissgram approach to
observe the question of whether Bitcoin -eahdntprapsate for
several stock market dutingsextreme market conditions. They
compared the similarity and dissimilarity the Bitcoin properties ftc
such gold and commodities. The results shown that each of Bitc
the commodity index can be considered -hav@rnwaagesadafe some
cases. Furthermorealsibeyused RelNindow predictability analyses
generally confirm those results and revehlateat tbkesafiethese
asset&rom the latest O\g&ndemic crisis issues, Ji, Q., Zhang, |
Zhao, Y. (2020) aimed to fithdvansasettfee investments during
COVIHDI pandemic has shaken the global financial system and c
turmoil of overall economy especially on stockevaduleé¢e. thieey re
safdhaven role of some traditional asset types, namely, gold, cry
faeign exchange and conbymchtiestrosguantilogram between pair

13
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wise asset redunaGOVIHDO period to evaluate the valildayeosf safe
assets. Their results suggest that gold and soybean commodity |
used as shéaen assduring the outbreak. They also mentioned tha
the crisis, it may raise the need for agricultural products. Food
example, has become a major issue for many countries (e.g., De:
2020), which makes agricultural aostrmooditnedd under the current
crisis.

26Reseach Gap

1. Most of the resuded by tradimoethlodoldgy GARCH,
DCCMSVetgd i dn 3t I Nt er est about det
guantile dependence relationship amongapaéatisecos diies .
vari ous of asset s?3 properties
l nvestor s p oarmaf and drigis pertodsat egi e s

2. Most we found that thquamidegram (CQ) will work to
observe the variable characteristics in the tail of return distributiol
can answer the behavior of our potential assets can cover the gr
stak return although it is at the same state condition (bearish or b

3. In Thailand, it was not directly mentioned to be investig
hedge and $afwen characteristic between assets in this country
observed only a part of AsiaeoneXx§iBgNountries

14
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ChapteR®search Methodology

In this section, we will bring up an explanation on the
framework and methodology of \Whes figsaildy.introduce Markowitz
Portfolio Thebgycore foundation of Modern Portfolio Theory (MPT
Il denti fied the def i nthaveno Imedge,fanda s
diversifiethenThe CreQsiantilogram (CQ) thesmecabnducted as
concept of the igageh of asset corneldifi@ment lags and quantiles.
And the last, we capture the penspihcidodemfyl data description in
the restdfapter. The details of these approaches are briefly discu:

3.1Theoretical Framework
Markowitz Portfolio TMaokpwitz, H. M), 1952

Markowitz Portfolio Theory was also known as a foundatiol
Portfolio Theory (MPT) which was adopt to many financial studie
management (a summary of MPT process is m2ddRiEdisssFigu
diversification as a central theme in finance. It quantified the
“di ver sidiiwertdiofni coart inoonnu , by i n
covariance, or corrmbagianovations in finance field werethkso applie
concept of diversification to improve diversification aidtheisk me:
MPT framework concerned that given estimates of the returns, v
correlations of a set of investments and constraints antirsvestmen
possible perform an optimidaionesults in the risldretean
varianedficient frontier (Fabozzi, F. J., Gupta, F., & Markowitz, H.
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By necessary of our findings, we onldibersificattbe concept (especi
point on correlation), which not mentioned to Utility function and
preferenteh e t er ms of “"diversificatio
MPT refer to the relationship betweeandopoetbdiomsisk. The objective
diversification is to maximize returns and minimize risk by investir
investment categories (ex. bonds, real estate, and cdhahiddities e
diversification concept is totally related to carre bet we e n
portfolio. Correlation is an important measure of diversification effe
to indicate the covariance of the portfolio returns. Portfolio with si
values is suggested to be lessnask {wvan larger correlation port
(Mangram, M. E. (2013)).

Figure: MPT Framework

The MPT Investment Process

Expected Return
Model

3
Volatility & Correlation R PORTFOLIO R Risk-Return

Estimates " OPTIMIZATION " Efficient Frontier
A
Constraints on
Portfolio Choice
Investor > Optimal
Objectives Portfolio

Source: Fabozzi, F. J., Gupta, F., & Markowitz, H. M. (2002)

Efficient portfolios are the portfolio that provide a maxin
expected retaurhjected to the given levels of risk. Constructing
portfoli o, It I's I mportant to ma
as risk avefgefers to choose the lower rigklpogémie expectedl return
Aninvestorlwvailm to hold one of the portfolios on the efficient frontier

16
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of risk by traffethe expected return. The best portfolio to hold fro
efficient frontiers iIs ~the opti

Definition of Weak / Streamav8afdHedye] Diversifier

According to optimize portfolio as mentioned above, investol
incluevarious assets into their portfolio. These assets may be potel
the numerous waysptrtflodmonditions, relevant to different characte!
assetss3® rol e. Based -hmaven defingtionafnorg Bam
D.G., & Lucey, B. M. (2010) and Baur, D. G., & McDermott, T.
relationship between assets can be separated into threavemin ty
hedge, and diversifier). The assets are labelletiaaza stiienglsafe is
a result of negapredictability from stock asset return to the potentia
low quantiles of both assets. This guarantee that the extreme st
followed by the future positive rdtaverofisaét. Meanwhile, the weak
haven are notopmarng the evidence of predictability from stock in
potential dad®en asset at the low quantile. A hedge is an asset tt
uncorrelated or negative with based assets (stock market) for o\
assets?® c oaryyeadivarsifiemisa pot@ntial assat that have
correlated with based asset on average.

CrosQuantilogram app(blachet al., 2016)

Thecrosguantilogram approach for evaludiengena reédeis
implemented for a robustness=dioflokvad Wwom Ji, Q., Zhang, D., & Zh
(2020) and Shahzad, Bouri, Roubaud, Kristoufek, & Luwaeye(201¢
crosguantilogram between equity indices anéhapoiantatetafavas
calculated, compared tlegjrddadts, androsa&jgantile dependence ove
the samples. The theorical approach can be explained as followed.

17
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Given two specific sample data as a stationary biyatialg, Tiineskries -
2, | , Thandkrepmresent the potential asset return and stock market index
unconditional quantile of the rgturloP{isdefired aso: eno 6 | for
| ~ mip where ois the conditional distribution fesgiiwhich seequipped with th
density funattonThe expressiondnemsional series of quantiles are repres
nlomo fon k | h where, is specified as the rank of quantile we in
evaluating the directinbllpyg@x. msoth 8t L.

Then, the measurement and testing for the directional predic
X tand xfor difference quantiles of-qhantrogsam -tprantile whth
lags can be written as (Han et al. (2016)):

Kk’ ;5 Q ! i i (1)
i P4 M R

Foh= O, + 1 6 %R mu, foranwtictoreumotion
n | IS the quantile exceedance process; S thatdescribes the violation o
“"hityg process. Aquantlagrdhm measureso the tsérial cof
between a pair of variables at deéfddmeigoahti o represents the cross
dependence between tioé apattieiahsatn stock indaxtiyne t and the quantile
of astock indgxax timel fThere is no predictability from tloé sfoaktileex to the
gantile of safeaven assetdf mi.e.,xis not provided a useful information fro
market returhfOr predicting thesatieassets' returns on the next tradinfy day. I

p m X tIS provided adaydlirectional predictability from stockaretarns tc

assets' returns at | and will be a strochgwwsafesset when the
sign is negative.

Furthermore, in oréatine ¢xe null hypothesisdifpendeosg o
mhl 'k pio andbd '@ mimok pfio, a portmarigsed statistics is proposed to d
the null hypothesis (Han et al., 2016),

18



SET Research Scholagigra@?3tock Exchange of Thailand

T(T+2) Y7 p2(h) ,
— (2)

As the asymptotic distribrasguahtilogram contains noise unde

OH —
Q=

null hypothesis of no directional predictability, Han et al., (2016) su
stationary bootstrap (SB) from Politis and Romano (1994) to &
distribution of the testing statigticulihdgpdthesis that can then be ust
the statistical inference and derive critical values as well as confide
method can be combined with a rolling window approadryingrack
crosguantilogram and observe pheedieoélthe-lsaven role during the

crisis period. The stationary bootstrap (SB) will be revealed on th
describe its theory and procedure. In our study, we consider the de|
all pairs of quantiles given by {0205, 0.10,0.10 . 95} . and

four lags values as k = {1, 5, and 22} which involve to the relations
in the daily, weekly, and monthly trading days.

32Data description and Analysis methodology

According to the preeiusn, we already captured the the
application for our empirical work. Therefore, this section we will c
details of this chapter which are data description and thesis disserts

In this study, we employ the ohaity poatad of January 2000
December 2020. For Agricultural commodities price, we use daily
derivatives from DataStream and CEIC which can provide a full le
provide us many Agricultural products separately}chddse ddmde
Agricultural commodities which is more suitable for Thai stock me
traded on futures markets such as rice, soybean, coffee, etc. The v
referred byh2d4r CFDs-ties¢ market that Thai investors avisoascial
are easy followed and traded in the market. For Thai Stock price inc
is derived from the Stock Exchange of Thailand. For stationary proc

return transformation and calculated as logarithmic diffetefore at t
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each asset timesHoesdays, there are many different commodities
actively tradex. Agricultural Commodities, it also be separated into
people use (Pines L. R®&2&appropriateness of our observation, we
seéct only four categories which are Cereal Grains, Oilseeds
Commodities, and Miscellaneous Agricultural Commodities becaus
preservation and storage periods.

Moreover, our analysis will be performed in subpetiogs for
results with full period samples (for example, the global financial c
dating of GFC i s al most corresp
(2017), which is dated in June 2007 to February1®008si$heilCla/ILC
largly referenced by the dating employ by Ji, Q., Zhang, D., & ZI
Kinateder,eHal(2021jromJanuary 2020 to December 2020. These d
analyzed will also be suitable for stock market downturn in Thail:
timelirduring 2008 GFC and 1st and 2nd wave owl¥eaks of COVID

Our empirical analysis is conducted with continuously log ret:
the summary statistics of daily return series with stationary test. |
standard indicators such as mean return, standard deviation, shar
and korts i s . Ti me series pl ot of e ac
among the period, all the variables are transformed into natural log
heteroskedasticity in the data series. We can see a comparison acr
| t sé&s reseenble and the possibility linkage logicalintdnedonomic
tradition, to examinentbeeooent between assets and stock market, it
applying a dynamic conditional correlation (DCC). However, the DC
that asset'Rtienship with the other asset retwangng, timplying that
there may not be aomesmn relationship at some point in time but tl
may exist a quantile dependence (Uddin, G. et al, 2019). So, we p
crosguantilogr&@@@) approach developed by Han et al. (2016) to e
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crosguantile dependencegfardde correlation) between the variabl
confirm the validity of potenti a

The Creggantilogramoappr can be present the estimation in
forms of the results. It can be illustrated in heatmaps figures for dif
under Stationary Bootstrap Procedure which is uncomplicate to de
graphical presentation of #peartrossiconditional bivariate correle
between two distributions, allows for a visual and intuitive way to «
dependence structure in the CQ estimald)onbe d&shfignigetest is used
for the statistical significance bdé¢ mheelitit@nality (frdin,)Eand all
insignificant correlations are set to zero. The color bar illustrates
crossorrelation when it is significant and indicates causal flows 1
market return tehaaém asset retumbluehcolor on the heatmap repres
negativeffectrom stock mafkedl color represents a positive spillove
between equity indices and potential asset, while green color
predictability (thleypolhesisio predictalmétyhot be rejected.) on-their le
guantiles, i.e., a weak versioavehsadset. The results are provided int
values of lags par&rfleteran® 2lays) and are dividedsum®amples
which are full sample and during crisis.

Fortraditional setting, we acknowledge the potential asset
characteristic-fisafen, hedge, and diversifier)
(1) STRONG SIEN: If there are significant negative coefficients
left corner of the heatmap, especially alupley casisestreme negati\
stock returns (market turmoil) are followed by future positive asse
trading days.
(2) WEAK SABKEN: If there are results of no directional predictab
assets occurred on the left cormgr, efheatine otheiqueodde results
can be positive or negative significant.
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(3) HEDGE: If there are significant negative ceeffidieatd ar tion
overall quantiles of heatmap illustration.

(4) DIVERSIFIER: If there are maiiglyifpcentivaoefficients Haaheeteft
and overall quantiles of heatmap illustration

Figur8:Heatmap illustration from Stationary Bootstrap Procedure
Stock markadtential Asset 1 Stock markadtential Asset 2
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Sourcékddin, G. S et al., 2019
Moreover, the-quasdilogram (CQ) is illustrated as example plc
varying resultR@diing window directional predictability) from equit

potential Agricultural commodifds ThyWRelling window displays prc
the whdlene trend empirical results as it would be practically interes
a sampperiod that includes the recent agtisisigiite Rolling window
illustration is demonstratedaodbealirgrdpRample fibam et al. (2016)
andShahzaet al2020), where the solid blacklastdatestand for the
rolling emsmuantilogram and the 95% bootstrap confidence intery
hypothesis of no predictability respectively. The shaded colors |
represent the negative (green) and positive (yellow) predictabili
potential assets caseldleas a strong versiomafesatesset. Finally, the
summary of thesewaiklogv was estimates in percetdagaefiensshe
safdhaven behavior of these considered assets. Furthermore, as we
event into the situatiorsiered to compare the different role in any til
happened among the whole series of our study.
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Figurd:The sample G@santilogram rolling window directional predictabilit
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Sourcé&kddin, G. S., et al., 2019
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ChaptdiResults and Discussions

41Data Analysis

For each market, we collect the daily closing price of S
followed by S&P GSCI indices (commodity, gold, oil, agricultural c
precious metal). Following the objective of this study, the da
agricultural products in eagh(icetieigiong cereals, oilseeds, other ¢
commodities, and miscellaneous commodities) are collected. The
adjusted to balance pamsdada¢atrading dsgsening market of SET
Index. The agricultural futures prices arednainnhe mamhdaiait as
dollars/ ton to eliminate risk from exchange rates. Time series plo
prices is given in Bigreean see the evolution of assets price thi
different periods. The price of many assets such as ggld index,
oilseeds category, rice, wheat, corn and cocoa has more substant
other assets and can perform a good trend against SET Index dc
crisis period from the vertical highlight iRl@E@s@&sCOVID

Argued by mampirical papers, financial asset price is
stationary. Our analysis is conducted with logarithmic differe
difference for stationary signifitan?. pfreabents the summary of key
descriptive statistics for-dbaesnoonsiderdatis study, along with
some additional statistics. Surprisingly, apart from gold and preci
index, some of agricultural commodities such as oilseeds produc
have an unexpected high sharp ratio with lower stand#rer deviati
categoriékwever, in crisis period (GFC-EhdabiE there are
many commodities have a negative sharp ratio. Next, overall s
kurtosis values, most of agricultural futures show the value of higr
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Figure Bime series plot of SET Index, Main Indices, and Agricultural futures prices
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Note: these time series plots are collected in daily data from 1 January 2000 to 31 Decembahvadiadlerhe unit

are modulated to be same unit and currency to eliminate exchange rate risk (Main Indices aRipoiedsaand Agri
US dollars/ ton, except lumber (US dollars/board feet)).
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and less skewness value than gold and oil index which can |
agricultural are going to be frequent small gain and less extrem
also observe the stationary of the series with d&udleerffddFDicke!
andKwiatkowBRilligschmi8hin (KPSS) tests and verify evidence
stationary in all variables.

Table Descriptive statistics and unit root tests of full period sample

L\/tean ;}td' dev Min Max iﬂi’fp Skewnes Kurtosis ADF KPSS
INDEX
SEThdex 0.021 1.319 0.160 0.110 0.016 -0.880 11.530 -16.182  0.086
Gold Price Index 0.037 1.119 0.080 0.090 0.033 0.140 5.700 -15.985 0.204
Commodity Price Index 0.015 1.523 0.130 0.130 0.010 0.310 5.760 -17.600 0.145
Oil Price Index 0.012 2.732 0.570 0.440 0.005 -1.320 60.670 -16.96 0.111

Agricultural Price Index 0.016  1.244 0.080 0.080 0.013 -0.050 3.050 -16.587 0.107
Precious Metal Price Inc 0.037 1.176 0.090 0.090 0.031 -0.290 5.670 -17.598 0.144

CEREAL

RoudRice 0.016  1.899 0.300 0.280 0.009 -0.26 39.880 -19.091 0.078
Barley 0.011 1.415 0.320 0.310 0.008 -1.560 161.960 -15.450 0.091
Wheat 0.012 1.700 0.230 0.220 0.007 -0.400 18.890 -17.136  0.082
Corn 0.017 1.868 0.270 0.170 0.009 -0.490 14.460 -16.408 0.066
Oat 0.023 2.375 0.250 0.150 0.010 -1.260 13.630 -17.950 0.041
OIL SEEDS

Canola 0.017 1.260 0.130 0.080 0.014 -0.560 7.880 -15.760  0.047
Palm Oil 0.024 1.654 0.110 0.100 0.014 -0.090 5.130 -14.700 0.049
Soybean 0.020 1.644 0.230 0.200 0.012 -1.070 18.870 -16.830  0.068
Sunflower Seed 0.039 1.264 0.150 0.100 0.031 -0.730 12,780 -15.900 0.068
OTHER SOFT COMMODITY

Cocoa 0.022  1.987 0.120 0.140 0.011 -0.120 2.790 -18.900  0.085
Coffee 0.001 2.199 0.130 0.270 0.001 0.470 7.180 -18.000  0.070
Sugar 0.019 2976 0.490 1.320 0.006 16.110 771.480 -18.340  0.066
Orange Juice 0.008 2.005 0.140 0.150 0.004 0.110 3.950 -18.640 0.041
MISCELLANEOUS COMMODITY

Lumber 0.018 2.100 0.240 0.150 0.008 0.270 6.180 -16.420 0.168
Cotton 0.008 1.897 0.270 0.170 0.004 -0.420 11.930 -17.900 0.034
Australian Wool 0.013 1.014 0.130 0.130 0.013 0.180 43.310 -15.830 0.115
Thai Rubber 0.012 0.981 0.170 0.110 0.012 -1.400 29430 -15.950 0.192

Notes: The table presents the descriptive statistics and unit root tests for t
of variables price. Thecedegiacbm 1 Jan 2000 to 31 Dec 2020. ADF and KF
tests present empirical statistics of the AdgumllenteditDiegt{Dickey

and Fuller, 1979) and KPSS (Kwiatkowski et al., 1992) stationarity test, re
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Table Bescriptive statistics of Global Financial Crisis period sample

(I)\//(I)ean ;:d' dev Min Max rSaf;iirp Skewnes Kurtosis ADF KPSS
INDEX
SEThdex 0.130 1.886 -0.110 0.080 -0.069 -0.660 5.600 -8.405 0.328
Gold Price Index 0.077 1.687 0.060 0.090 0.046 0.250 2.630 -7.879 0.083
Commodity Price Index -0.081 2.281 -0.080 0.130 -0.035 0.220 4250 8.198 0.885
Oil Price Index 0.087 3.279 0.130 0.220 0.027 0.550 6.820 -8.068 0.780

Agricultural Price Index 0.008 2.022 -0.080 0.070 0.004 -0.410 1.350 -7.579 0.511
Precious Metal Price Ind 0.067 1.750 -0.060 0.090 0.039 0.100 2560 -7.918 0.089

CEREAL

Rough Rice 0.045 1940 0.110 0.080 0.023 -0.430 3.480 -6.479 0.54%
Barley 0.054 2077 0.320 0.060 0.026 8.390 125.830 6.009 0.509
Wheat 0.036 3.202 0.230 0.220 0.011 -1.050 14.690 -6.762 0.473
Corn 0.018 2752 0.150 0.170 -0.007 0.070 5560  -7.25% 0.273
Oat 0.102 2472 0.090 0.100 -0.041 0.070 1.820 -7.438 0.411
OIL SEEDS

Canola 0.009 2.104 0.080 0.070 0.004 -0.420 2790 -7.676 0.457
Palm Oil 0.079 2734 0.110 0.100 0.029 0.190 2480 -7.899 0.234
Soybean 0.016 2.723 0.230 0.200 0.006 -0.830 18.870 -7.365 0.437
Sunflower Seed 0.011 1376 0.080 0.090 0.008 0.130 6.010 -7.225 0.671
OTHER SOFT COMMODITY

Cocoa 0.067 2337 0.110 0.080 0.029 -0.520 2370 -6.878 0.072
Coffee 0.016 1952 0.110 0.080 -0.008 0.650 3.380 6.808 0.151
Sugar 0.088 2612 0.110 0.150 0.034 0.330 4.440  8.077 0.034
Orange Juice 0.186 2533 -0.100 0.090 0.073 0.340 1570 8.189 0.063
MISCELLANEOUS COMMODITY

Lumber 0.148 2373 0.070 0.150 0.062 1.430 7.600 8.575 0.127
Cotton 0.042 2271 0.090 0.090 -0.019 0.090 1850 6.662 0.452
Australian Wool 0.079 1203 0.090 0.090 0.066 -0.200 23.370 6.829 0.118
Thai Rubber 0.059 1254 0.060 0.110 -0.047 0.540 15.480 5.159 0.216

Notes: The table presents the descriptive statistics and unit root tests for t
of variables price. Theceegilacbm wd200t028FelR®.

Table Bescriptive statistics and unit root tesfi® qfeCiO¥ dample

(l://(l)ean ;}td. dev Min Max irt]:)rp :kewnes SKurt05| ADF KPSS
INDEX
SET Index 0.040 1.916 0.110 0.080 -0.021 -1.590 10.040 5.238 0.276
Gold Price Index 0.089 1.365 0.050 0.060 0.065 0.20 3.610 -7.767 0.077
Commodity Price Index  0.028  2.217 0.130 0.070 0.013 -1.510 8.520 4.978 0.477
Oil Price Index 0.097 7.259 0.570 0.440 -0.013 -1.440 22.380 +5.386 0.185

Agricultural Price Index ~ 0.077 0.980 0.030 0.030 0.079 0.080 0.930 -7.302 0.829
Precious Metal Price Inde: 0.096 1.469 0.050 0.060 0.065 0.330 3.270 -7.57%6 0.058

CEREAL

Rough Rice 0.024  3.169 0.300 0.150 -0.008 -3.290 34.410 5.610 0.064
Barley 0.018 0.581 0.030 0.020 -0.031 -0.060 6.190 -6.965 0.414
Wheat 0.027 1.182 0.030 0.050 0.023 0.430 1.140 -7.619 0.293
Corn 0.079 1.393 0.040 0.040 0.057 0.090 0.700 6.348 0.800
Oat 0.065 2172 0.210 0.050 0.030 3.810 35.430 5.733 0.128
OIL SEEDS

Canola 0.112 0.819 0.020 0.030 0.137 0.020 0.380 6.900 0.752
Palr@il 0.089 2.181 0.100 0.050 0.041 0.720 2.030 6.855 0.686
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Soybean 0.133 1.038 0.030 0.030 0.128 0.030 1.110 6.532 0.972
Sunflower Seed 0.161 1.102 0.050 0.050 0.146 0.180 2970 4.728 0.336
OTHER SOFT COMMODITY

Cocoa 0.010 2.157 0.070  0.110 0.005 0.310 3.700 5.605 0.051
Coffee 0.006 2.410 0.080 0.080 -0.002 0.200 0.930 5.957 0.162
Sugar 0.063 1.981 0.060 0.060 0.032 0.070 0.430 5.932 0.246
Orange Juice 0.082 2.135 0.100 0.080 0.039 0.180 2.360 5.652 0.049
MISCELLANEOUS COMMODITY

Lumber 0.291 3.538 0.240 0.150 0.082 -1.160 9.270 5.248 0.239
Cotton 0.049 1.647 0.080 0.050 0.030 0.510 2.620 6.591 0.458
Australian Wool 0.118 1.880 0.120 0.100 -0.063 -0.040 14.700 5.685 0.294
Thai Rubber 0.128 1.725 0.100 0.070 0.074 1.390 10.200 6.827 0.044

Notes: The table presents the descriptive statistics and unit root tests for t
of variables price. Thecedpiacbm wd200t028FelR2®.

4.2 Cro€muantilogram results

To achieve our findings and objecynesiemtethe -cross
guantilogram approach as appliedeinaf(z@i£gdand Ji, Q., Zhang,
D., & Zhao, Y. (2020), to evaluate the validityh@fvpotastatssafe
among normal market (gross sample) and crisis perid®)(GFC ar
respatively. At fwedp b ser ve t he correlatio
I | | u sTherresults of nhp directional predictability from all quan
stock market returns to the price returns of each of assets are sh
Al- A3 (Apendix se¢tion) aut hor3s estimati o
exami nedt.jnmrach rBsalt illusteation, miDecile of SET Ind
potential dad®en asset are displayamdivaxis, respectively. The
magnitude of positive/negative spillover is illustrated through co
blue (negative correlated) thrgugh (socorrelated) to red (positiy
correlated). Moreover, we also observe the sample from crisis pe
Financial Crisis periodAFiddreand Cot@ pandemic period (Figure
A6- A7 to monitor how these potential assetsopesfdunrtgeairisis
and whether their results are different from full gro¥fiesample
summary of heatmap results is represented in table 4 as it is ai
result3®s interpretation (author
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As indicatedthe Methodology section, potential assets wil
strong sduf@ven asset if the loveeshéef{10% aeside) of the-heat
map is blue or light blue, which introduce that extreme negative
are followed by future positiveagsdenfpaice return in next tradin
periods. Meanwhile, itctreadefand most part of-riegp hisated or
light orange, the counterpart asset is suggested to be divers
Furthermore, the asset will be -aaveakieattock tmartase of the
lowest lefirner of heatmap is light grey color, meaning that no d
exists among the lower deciles. An independence test is performr
significance of the-Qrasslogram under the stationary bootstra
proceduf®g. 12). We therefore fill a zero valuguanttle greoasif
the null hypothesis of no predictability cannot be rejected.

Overall heatmap results, we can summarize the into 3 mai
first, comparing overall outlook from both full sample and crisis
are less correlation among variables on full gross sample than
sample. We can detecthe fcotor intensity of heagheapintensity
colofrom crisis period sahhgleesults ¢rosis samples tend to have
more clearly correlation among assets compared with overall gros
as negative result to gold and preciagsQ@atHD ghariod). Comparing
the results on assets, the potential assets can characterize more
SET Index in-séwnt crisis period sample than-@raraHternglation.
The different properties on each asset and cadegidry dididdeptov
results. For example, cereal products (rough rice, barley, whea
selected indices (commodity, gold, oil, agricultural, precious met
tend to be more positive relationship in iday dagildschetysSha
Meanwhile, the major of oilseed products, sugar, and cotton perfo
result from major cases and lags as no predictability in general.
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some of agricultural futures show an independent outcome airr
period sample su&ustralian wool which perform almost negative
overall and GFC samples but positiv@ ¢as€OVID

Secondly, we analyze the results from full gross Aadmple (st
-A3. It is unsurprisingly that there is an absence ofilntggdgatine pred
SET Index major cases and correlations, although some assets
wheat, oat, and canola can perform the negative coc@liate in low
at least 1 case in anyhkegmsesults suggest that the most of varia
could beeak sdfaven asset to SET Index. Meanwhile, many |
(commodity, gold, agricultural), wheat, corn, canola, soybean, ¢
cotton and Australian wool have both negative relationship and n
at most cross deciles in ansrage titat these mentioned assets coul
used as hedging risk to SET Index during both normal and dow
condition. However, there are some positive predictabilities occ
lowest lefirner results such as gold and precisad2gdl @agey,
lumber, and palm oil. These cases could perform of being diversi
downturn condition.

And the third issue, we would like to monitor the relationst
SET Index and potentiaduagsgtsrisis periods (se®4ifglur§Ve
selected and built up the sample from the conseque se@ineteents w
be significant in financial market. The selected case studies are C
crisis (GFC) and CO\p@&ndemic circumstance. The results from
periodample are slightly different from overall gross sample. For
the potential assets tend to be more positive relationship with SE
from red color on left lower corner of heatmap in many asse
commodity index, gold imdeex,oibugh rice, oat, palm oil, sunflo
seeds, and lumber. There are only wheat and orange juice which
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negative role at least 1 case in the left corner. And the rest is th
have no directional predictability for whoés eossagticultural,
precious metal, corn, canola, soybean, cocoa, coffee, sugar, cot
rubber. From the event - AB@@NtEemic, the relationships between a
are quite more correlated than GFC case. Some assets can pel
exellent hedging asset like gold, precious metal, corn, oat, cant
sugar, and cotton as either virtually negative or not correlated wit|
whole cross deciles whereas barley, wheat and Australian wool
correlated with IS&#ex. Wheat, palm oil, and sunflower seed can pe
negative correlate in lowarde{stronghsafen) at least 1 case in any
lags from this crisis observation. Afterwards, the assets for instat
index, oil, rough rica, sagbkan, cotton, and Thai rubber are uncor
with SET Index at lowest decile.

Then, it is generally found in previous studies that the r
between assets is dynamic and can be changed over time. So, t
satisfaction, we sithelatendow framework by-daun§xe@Owindow
for every 100 days trading on the markets. But for crisis period, w
days window length as it is more adedaate dericthanvestigation.
Weconcentrate on our interestedveluantihe [west (10%) decile o
both asset distribution®.shimwsethe example plots of time varying C
Quantilogram from potential assets in full sample period with I
quantile =0.1 (10%). The-linackepresent the time vassng C
Quantilogram through different period of estimated rolling windo\
shaded areas indicate the significant of Directional Predictabi
bootstrapped confidence intervals under reject hypothesis of nc
based on 100Gstrapped replicates, green color stand for ne
predictability while red color is positive predictability.
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From the plots, the results show that potential assets (botl
indices and agricultural futures) can perform more dtyhduative pre
positive predictability. There are some assets have quite better
others such as commodity index, agricultural commodity, rough ric
oat, canola, soybean, cocoa, lumber board, and Thai rubber whicl
negate correlation with SET Index during crisis period either GFC
pandemic. Finally, the summary of these rolling window estimate
percentage terms as table 5. it also represents the results from ro
crisis period sa(@HE€ and CAY)Doy usingd@P fixed window with
same lag h =1 and duaftile This table confirms the times occurred
safdhaven role of selected agricultural futures and commoditi
Unsurprisingly, the potential assedexXikeggaditnral commodity inde:
wheat, corn, soybean, cocoa, and cotton could pertbhemewell eith
asset or hedge as it is predominant of negative predictability o
overall and crisis period.
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Tabld:Summary table for Heatmap illustration refuiesnol dgrass

Full gross sample GFC COVID-19
lag =1 lag =5 lag =22 lag =1 lag =5 lag =1 lag =5 Interesting role
lower-left overall lower-left overall lower-left overall |lower-left overall lower-left overall |lower-left overall lower-left overall (Author's perpective)
corner  display corner  display corner  display | corner  display corner  display | corner display corner  display

INDEX
Gold Price Index non non non (-) (+) non non [non| ) non non (=) non (-) hedge
Commodity Price Index non (-) () non non non ) non ) non non non non [non| weak safe-haven, diversifier
Oil Price Index non (=) (+) non non non non ) non non non non non non weak safe-haven, diversifier
Agricultural Price Index non ) +) non non non non non non non +) ) non non weak safe-haven, diversifier
Precious Metal Price Index non non non (-) non non non [non| non non non (-) non (=) hedge
CEREAL
Rough Rice non [non| non non (+) non non non (H) (+) non non non non weak safe-haven
Barley non +) non non non ) non [non| non non ) ) non [non| diversifier
Wheat -) non non () non -) ) non non non () ) non non safe-haven, hedge
Corn non (-) non (-) non [non; non [non| non non non [non| non [non| hedge
Oat (-) non non non| (-) [non; non (+) non non non non non non safe-haven, hedge
OIL SEEDS
Canola non non non non (=) [non| non [non| non non non non non non safe-haven, hedge
Palm Oil (+) non non non () non non (+) non non non non (-) non diversifier
Soybean non non non non| non non non [non| non [non) non non non non hedge
Sunflower Seed non non non non non non non non non ) ) non -) -) weak safe-haven, diversifier
OTHER SOFT COMMODITY
Cocoa non (=) non non non non non non non non non non (+) non hedge
Coffee non non non non non [non, non (+) non non non non (+) non hedge
Sugar non (,) non non non ‘HOI] non non non non non non non non hedge
Orange Juice non non non non| non ) ) non ) non non non non [non| weak safe-haven, diversifier
MISCELLANEOUS COMMODITY
Lumber non non (+) non non non non non +) +) non [non| non non diversifier
Cotton non non non non non non non non non non non non non non hedge
Australian Wool non -) non non non non non () (+) non non () non [non| weak safe-haven, diversifier
Thai Rubber non () non non non non non &) non non non non non non weak safe-haven, diversifier

Note: This table show the summary of heatmap resultsCanttoremmdrErrence frokbAffglirehows the significant

directional predictability inntgrarpdse of study regarding to lowest cross quantile (1st Decile or 10%) and overall «

and lag. It also shows the comparison among different period sam{ile) (Hller&B &, ahd @Vvéldted role of asset wil

reommended in the last column.

Where) € negative predictability, (+) = positive predictability, non = no predictability, and |non| = absolutely no p
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Figuré Rolling windowectional Predictability from SET |dAdese toassets

Note: The figure shows the time vQuamgilGgoam spillover from SET Index thgvaterasslesafat lowest 10% guantile
0.1) as cthay croserrelation (lag h =$pdlileece of eroigelations starts on January 2&30raBin@@indow is used to obt
its evolution over time. Black lineQuaetigresn while the vertical shaded area indicate the significant of negati
(red) etional Predictability on 95% bootstrapped confidence intervals under reject hypothesis afotstrapgaidtabi
replicates.
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