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Synopsis

Until the early 2000s, the commodity prices were primarily governed by the idiosyncratic forces of
demand and supply. The precious metals were also sought as alternate investment vehicles, while the
agricultural commodities were mostly demanded for consumption purposes. The supply was even
more typical governed heavily by production and export policies for metals, and weather for
agriculture. Consequently, the order of interaction amongst the commodities was limited and risk was
predominantly associated with hampered growth and commodity. However, a major transition in the
commodities sector was witnessed in response to the Global Financial Crises (2007-2009). Financial
investors actively ventured into the commodities sector in pursuit of hedge. A staff report from the
U.S. Commodity Futures Trading Commission (CFTC 2008), the total value of various commodity
index—related instruments purchased by institutional investors increased from an estimated $15 billion
in 2003 to at least $200 billion in mid-2008. Subsequently, the sector experienced a persistent rise in
the strategic reliance on commodity assets as a medium of portfolio diversification. As a natural
consequence, index investments and portfolio building induced higher comovements amongst
commodities forming a deeply intertwined network. In this dissertation, we explore several facets of
the commodities network and provide insights for investors, portfolio managers, market regulators and

policymakers.

In our first essay, we propose a novel exogenous measure of uncertainty using news articles. The
weekly uncertainty index is curated for every commodity from January 2000 to May 2021. Using a
panel-ARDL model, we find that the uncertainty measure has a significant impact on the prices of
commodities. Consequently, we analyse the uncertainty network among commodities and provide
insights about portfolio diversification. We find that the uncertainty connectedness across commodities
remains strong at approximately 49% for the entire sample period. Further, net pairwise interactions
across commodities reveal that gold, silver, and copper are some of the prominent transmitters of
uncertainty. Finally, uncertainty connectedness is found to rise during GFC, EZC, and for a very brief
period during the COVID-19 crisis. The frequency decomposed network reveals high and turbulent
connectedness at the higher frequency (1-4 weeks) and low and stable connectedness at lower
frequencies. Interestingly, we find that uncertainty spillover precedes return and volatility spillovers

in the commodities sector.



The second essay aims at quantifying the risk between oil and a broad sample of commodities by using
copulae tools to model the dependence structures. Using daily returns of commodity futures from
October 3, 2005 to January 21, 2022, we find that the oil has a symmetric dependence structure with
most of the commodities. The conditional correlation between oil and commodities was found to
strengthen during periods of crisis compared with periods of stability. Finally, in contrast with
conventional wisdom, we find that a C-Vine outperforms D- and R-Vine in modelling the multivariate
dependence structure between oil and commodities. We thereon compare the efficiency of copula
based models against traditional models in forecasting the portfolio and systemic risk between oil and
commodities. The findings suggest that copula-based models outperform traditional models in

quantifying portfolio and systemic risk.

Finally, in essay III, we propose to measure the crash risk for commodity futures. We construct down-
to-up volatility (DUVOL) using 1-minute data and a negative coefficient of skewness (NCSKEW)
using daily data. We determine the drivers of crash risk for commodities and analyse the crash risk
spillover across them at different quantiles. We further explore the impact of commodity-specific and
macroeconomic factors in driving the transmission of crash risk from a commodity to the network.
Findings indicate a significant impact of speculation, hedging pressure, basis, momentum, attention,
and term structure on commodity crash risk. The crash risk spillovers are asymmetric, remaining low
at 33% at the median and peaking at approximately 88% during extremities. Metals and agricultural
commodities soyoil, soybeans, corn, and wheat are mostly the net transmitters of crash risk at all
quantiles, while livestock and energy commodities are mostly net receivers. We find that speculation,
hedging pressure, basis, momentum, attention, and term structure have heterogeneous impacts on

different commodities, indicating their relative preferences in a portfolio given their characteristics.

Keywords: commodities, uncertainty, connectedness, vine copula, crash risk

Vi



Contents

CERTIFICATE OF APPROVAL .....cucovivinininenenccsesecsesaens . . JAi
Declaration of contribution to publiCAtionS......cccicvvreicssreicssarisssarcssssrssssssssasssssrssssasssssasssses iii
ACKNOWICAZEMENL .....cuueeieerriieerisnirisnencsneicssstissstessssnessssnessssssssssssssssessssssssssssssssnsssssnsssssssssns iv
N2 1L 1] TN v
L 01 11) 11 £ O 7
1. INErOAUCHION cecueiiiuniineiineinniisniisticsansssenessnesansssssssssssasssssnsssssssssssssssssssssssssasssssssnssssesssssses 11
1.1. Background of the StUAY ......cccccvviiivmniiiiciiscnncniisinsincsnistisssncsscsssnessnessssssssssssassaes 11
1.2. Theoretical underpinning of the StudY .......ccceeeeverisriseissnrcseecsnissnecsnensnnssnesssencnneens 13
1.3.  Rationale for the StUAY .....c.ccccnveicirinncsicssseicsseicssssssssssssssassssssrsssssssssassossasssssasssssasess 15
1.4,  Scope of the thesSis ..ccccciicnniiiisnicssanissssiesssarcsssiossssisssasesssasssssasssssssssssssossasssssasssssassss 15
2. Commodity uncertainty impact and connectedness: Evidence using news-based indices and TVP-
T/ N 2 17
2.1, INrOdUCHION..uueeieeiieiceeiseissnncssnessnecssecsanssssesssesssssssstsssssessasssessssesssessssssssnsssasssssssnssans 18
2.2, RevieW Of LIterature.....iiiviisicssicnstnissnisssiisnisieissnssssisssiessissssisssesssssssssesssssssssssssssss 22
2.3. Motivation for including crises Periods .........cccececrseressaresconeossassosenses 23
2.4. Data teeessttesaetssetesatesaststteatesbteesateate Rt e eR R e s Rt e Rt e e R Rt SRR SRR e b e S RO RS SRR SR RO RS SRR S RSO0 24
2.5, MethodOlOZY ...cueicnreinsrnicsssaicssrnicsessiossasssssassssssrsssssrsssssssssasssssassssssssssassossassossasssssssssssass 33
2.5.1.  Cross Sectional-ARDL model .................c.cccooeiiiiiiiiiiiiiiieiiecieee e, 33
2.5.2. TVP-VAR-based cONNECteAdNEsS .............cccccueeoeiiiiiiiiieeieee e 35
2.5.3.  TVP-VAR-based frequency cOnnectedness .................cccceuveueencerieneeneaeenennenne 38
2.6. Results and diSCUSSION ......coveirveresiisseicsnicseissnisssessssisssisssesssssossnessesssane . 40
2.6.1.  Impact of news-based Uncertainty Index on Commodity Prices........................... 40
2.6.2.  TVP-VAR-based connectedness analysis.................cccccooeuvinciniiiienoieneaiesennenns 44
2.6.2.1. Total uncertainty CONNECLEANESS ........eevvveevierrieeieeieereerreeriresreereesreeesseesseesenes 44
2.6.2.2. Uncertainty Spillover in contrast with return and volatility spillovers.............. 48
2.6.2.3. Net Pairwise Connectedness Network for uncertainties...........ccceceveveeeerenene 50
2.6.2.4. Pairwise connectedness index between commodities' uncertainty .................... 55
2.6.3.  Frequency CONNECIEANESS ............ccccccvueemiviiiiiiiiieiiieeiieesrieeereeevaeeiva e v e nvee e 59
2.6.3.1. Total Uncertainty CONNECtEANESS ........ccceeereruieruieeiieriierieeieesire et esiee e eeee e 59
2.6.3.2. Net Pairwise Connectedness Networks for uncertainties at different frequencies65
2.7, RoDUSENESS CRECKS. .uciiiiisiiissriisicsinensenssnnsssensensssncssissssnsssnessessssesssessssssssessssssssscssssssns 67
2.7.1.  Dynamic Spillover with Exogenous Variables..............c..cccccovceivorivoianoinonaennn. 67
2.7.2. Joint Connectedness INAEX ..............ccccoiiioiiiiiiiiiiiieieeeeeee e 68



2.7.3.  Dynamic Total Connectedness Indices with different approaches ........................ 71

2.7.4.  Uncertainty spillover with different forecast hOrizons ...............c..cccccoceeeneencnne. 72
% TR O] 1 T 11T 1) | OO 73
P TN 20 ) (- 1 o . .75
3. Risk implications of dependence in the commodities: A copula-based analysis ....... 83
3.1, Introduction........eeececceesscennssecsccnncssnenssennas . 84
3.2, Review of LIerature.....ceecnsessncseiseisssensseisssicssncsssicssnessessssesssssssssssae .87
R TN ) T 1 T . ..89
3.4, MethodolOY ....ecooeienuiencerieiisinseresecsnissnssseisssnsssnesessssssesssssssssssesssssssssssssssssssasessassans 93

3.4 1. Marginal MOAEIS. ..............cc.ocouiiciiiiiiieeeeee et 94

3.4.2. VIRE COPULA ...ttt et 95

3.4.2.1. Canonical C-VINES COPULAC ......ccccuireiiiiieiieecieeerteeerreeerreeesteeesbeeesebee e seeeeeseneeenes 95
3.4.2.2. Drawable D-vVINes COPULA ........ccoviiiiiiiieiiieciicete ettt 96
3.4.2.3 Regular R-vines coPUla’ ...........ocooiveviviveieeeeeeciceee e 96
3.4.3. Value at RisSk DACKIESE..............cccoeiiiiiiiieee ettt 97
3.4.3.1. Kupiec Probability of Failure (POF) test.........cccccuvvieieniiienieereecee e 97
T N 107131 1] APPSR 98
3.4.4. Measuring Systemic Risk uSing COPULAE ............c...cccoveevevieciiiiiiiiieiieeeie e 98
B4 L. ACOVAR ..ottt ettt ettt et anean 98
3.4.4.2. SystemM-CoVaR.......ccooiiiiiiiiiiii ettt et et 99
3.4.4.3. MUItI-COVAR ....c.oiiiiiiiieiieeeee ettt ettt e s enneas 99
3.4.4.4. Vulnerability-CoVaR .........cccioiiiiiiiicececeee e 100
3.5.  Results and DiSCUSSION......uccueiriririeiriiitiiseinseicetcseisssicsnessssssseesssssssessssssssssssesssese 100

3.5.1. Marginal MOAEIS. ..............cc.ocoueeeieiiiiiieiieeee ettt 100

3.5.2.  Dependence modeling using Vine copulae .................cccocevevcvmviiiinciencenciaenannn. 104

3.5.3.  Quantifying systemic risk using copula to0Is ...............cc.cccoovviviieviiiniieiriaerienn. 118
3.6. Conclusion ..... reeesenesnnesanesaneas 123
References........ueueeeicceicncercsceninsecnssenescsnnscssnsessennas . 124
4. Commodity price crash risk and crash risk contagion . 134
4.1. INtroduction.......ceeecercseeescenssencsuecsenncsunesncssnnenns testteseseeesstessastsssnstessaneasaneanssenens 135
4.2. Review of literature.......ccocceeveeseescenncnncsncscnnnnns . 138

4.2.1. Risk and risk spillover in commodity market ...............cccccoovevevoiiiiiiiiiiiiieee. 138

.22, CFASI FISK .ot 138
4.3. Data and Methodology ........ccecveiessaeicssancssaressrsrcssrsssssassosas . 139

B3 L. DAEA ... 141

4.3.2. QVAR CONNECLEANESS ..........ce oottt 144



4.4. Empirical Results..........cccccreue. teesestesesnstesssenattesssnttessssnatetessnsastesssasstessssantans 145
441, SUMIATY STALISTICS «....coveeiiieieeiie ettt et 145
4.4.2.  Determinants of commodity crash FiSk...........ccccoocvivoiemiieiiiaiiaiiieiieeieee e 153
4.4.3.  Crash visk CONLAZION ............c...ccoovuieviieiiieieieciieee et 162
4.4.4.  Determinants of the commodity crash risk spillovers ................c.ccccevvereenirnnnn. 168

2R 611 ) 1 TW 111 11 | OO . 178

References..... creessaresanesressreessnessatssnssanessnassaessrsssaasens cesreessnneesnnessanesssanane 178

Appendix............... ceeeteesstessesteisttes st e s bt et st e st e bt s s SRR s RS e bR e s R et RN e e bR e s ba e s b ene 183

5. Summary and ConcluSion..........iceiisicicsssrinssnninssercsssniesssissssssssssssosenses 193

5.1. Summary of findings.......ccceceevverirresvenssrecssenscnnnsnesssenssanenns creeesaeessresansssaessannes 193

5.2. Contributions of the StUAY......ceieevviiiiviiniiiiiiiiitccttiseniseesseeseseessssssssesesssseenns 194

5.3. Scope for future research ............oveievveenicrncscecsscencssneneens 195

List of Tables

Table 2. 1: Queries 0n LeXISNEXIS......ceiieiiiiiiiiieiiiieeciiieeeeeeieeeeeeciteeeeeeereeeeesareeeeeabaeeeeenseeeeeennees 25
Table 2. 2: Descriptive statistic of uncertainty iNdiCes .........cceevveeriirireriieniieieereeree e 30
Table 2. 3: Cross-sectional dependency and panel Unit-root testS.........ccceeveeeveereerirrereenieneenne. 37
Table 2. 4: Estimates of cross-section ARDL.........cc.cocoviiriiinininininnneec e 38
Table 2. 5: Average connectedness (Full period) ...........cocoeoeriiiiniiininiiniiecceeee 41
Table 2. 6: Granger causality between uncertainty, return, and volatility spillovers .................. 45
Table 2. 7: Average connectedness for 1-4 WeekS.......ccoocieeiieeiiiiiiiieeeee e 56
Table 2. 8: Average connectedness for 5-12 WeeKS.......ooovieeiieriieriiiiieieeeee e 57
Table 2. 9: Average connectedness for 12 weeks onwards ...........ccoooeeieeriiinieenienic e 58
Table 2. 10: Average joint connectedness (Full period) .........coccveeievciieiiiniieniienieeie e, 65
Table 3. 1: Descriptive statistics for returns of all commodities' futures...........ccccevveverieniennnee 84
Table 3. 2: GARCH models for commodity fUtures..........cceceeeevveeieniieiienie e 92
Table 3. 3: BIC of EGARCH (1,1) models with different distributions for the commodity futures returns
Table 3. 4: Goodness of fit of GARCH-GED model..........ccccoooviiiiiiiiiiiiiieeeecee e, 94
Table 3. 5: Model Comparison for different VInes...........ccecevvererierienenieeseeeeee e 99
Table 3. 6: VAR DACKLEST.....ccueiiiiiiieie ettt sttt 107
Table 3. 7: Bivariate copula selected for pairwise oil and commodities linkage....................... 110
Table 3. 8: Copula modelled systemic risk for 01l ..........cccoeeeiieeiiiiiiiiciieieeeeeee e, 112
Table 4. 1: DUVOL and NCSKEW €rash isK ....c..ccccoiverinininininineneeseeececcreseeee 132
Table 4. 2: Determinants 0f DUVOL..........ccooiiiiiiiii ettt 143

93



Table 4. 3: Determinants Of NCSKEW ... ..eeemiiiiiieeeeeeeeeeeeeeeeee ettt e e e e e e e eeseans 145

Table 4. 4: Quantile VAR connectedness for DUVOL at lower quantile (tau = 0.05).............. 150
Table 4. 5: Quantile VAR connectedness for DUVOL at median quantile (tau = 0.5) ............. 151
Table 4. 6: Quantile VAR connectedness for DUVOL at upper quantile (tau = 0.95).............. 152
Table 4. 7: Factors affecting DUVOL spillover at lower quantile (tau=0.05)...........c.cccceeuenee. 158
Table 4. 8: Factors affecting DUVOL spillover at median quantile (tau=0.5) ........c..ccceeuernenee. 160
Table 4. 9: Factors affecting DUVOL spillover at upper quantile (tau=0.95)...........cccccceeeenee. 162
List of Figures

Fig. 2. 1: News-based uncertainty iNdiCeS .........c.ceeveruirieriieiierieiesiieie st 27
Fig. 2. 2: Visualisation of Pearson correlation matriX .........ccccceecveeieeniensieiniennieenee e 31
Fig. 2. 3: Time-varying total CONNECIEANESS .......ccueeruiirieeiieiie ettt ettt 43
Fig. 2. 4: Total uncertainty, return, and volatility SPillOVETrS ..........ccerevrrrieerieecieieeie e 45
Fig. 2. 5: Connectedness networks of weekly uncertainty..........c.cocvveeveevieeneeenieenieesieeseeeee e, 47
Fig. 2. 6: PCLTANKINEG . ... eeieieeieeee ettt ettt ettt esae e e e e s e enee e st eeneeenneas 52
Fig. 2. 7: Total connectedness for high, medium, and low frequency ........cccceccvevceiriiiennenennen. 59
Fig. 2. 8: Connectedness networks for all frequencies ..........cceeeeeeieriiierieeiieieee e 61
Fig. 2. 9: Diebold Yilmaz(2012) spillover estimation with controls ...........ccccoecverenirienenncnnnns 63
Fig. 2. 10: Net pairwise CONMECIEANESS ... ..eeuieiuieiiieiieiieeieeeiie et eeieeete et essteeeeeseeesneeeseeeneeenseas 66
Fig. 2. 11: Dynamic connectedness index with different approaches..........c.cccoceeveniriienenncnnns 67
Fig. 2. 12: Uncertainty spillover with different forecast horizons........c..cccccecveveviniriennncnnns 68
Fig. 3. 1: Sectorwise price plots of commodity fUtures ..........coceeverieiereeriniiereee e 83
Fig. 3. 2: Pearson correlation MatriX . ......coceevvereerierieniinienieeeenie ettt ete ettt sresenesseenaesanens 85
Fig. 3. 3: VINE MOAELS ..ottt st sae e 97
Fig. 3. 4: VaR forecasts for tangency portfolios ..........coocevvveririiirienienienieniesieieseee e 103
Fig. 3. 5: VaR forecasts for minimum variance portfolio...........coceeverieverienieiieneeienierenene 105
Fig. 3. 6: VaR forecasts for equally weighted portfolio .........cccocveeieriiiiienieieee e, 106
Fig. 3. 7: Systemic risk experienced bY 01l ..........cccoeviiiiiiiciieniiiiieeeeeee e 112
Fig. 4. 1: Plots Of DUVOL....c..ooiiiiiiiieeeeeee et 134
Fig. 4. 2: Net Pairwise Connectedness of DUVOL at lower quantile(tau = 0.05)..........c.......... 153
Fig. 4. 3: Net Pairwise Connectedness of DUVOL at median quantile(tau = 0.5).................... 153
Fig. 4. 4: Net Pairwise Connectedness of DUVOL at upper quantile (tau = 0.95).................... 154

10



2. Commodity uncertainty impact and connectedness: Evidence using news-

based indices and TVP-VAR

Abstract

The study examines the uncertainty connectedness between oil and a bouquet of commodities. We
construct a news-based index that measures commodity-specific uncertainty at a weekly frequency from
January 2000 to May 2021. We find that news-based uncertainty index has a significant influence on
the prices of commodity futures in the short run while oil specific uncertainty significantly drives the
prices of commodities in both short run and long run. Thereon, we examine the uncertainty network
between oil and commodities using the TVP-VAR and frequency-based approaches. We emphasize the
need to identify uncertainty spillovers in a financial system by empirically verifying causality flow from
uncertainty spillovers to conventional return and volatility spillovers. We find that the overall
uncertainty connectedness between oil and commodities remains high (49%), which further increases
during periods of crisis. Net pairwise interactions indicate a dominance of agricultural commodities
during periods of global crisis including GFC, Shale oil revolution 2014-15 (oil supply shock) and
COVID-19. Subsequently, gross pairwise connectedness indicates that most commodities paired with
soyoil, platinum, and palladium rank the lowest across all sub-periods. Finally, the frequency
decomposed network reveals high and turbulent connectedness at the higher frequency (1-4 weeks).
The findings are instrumental for policymakers and investors with different horizons of investment.

Keywords: Uncertainty, oil, commodities, connectedness

JEL: G1, G11
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Fig. 2.12: Uncertainty spillover with different forecast horizons
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Note: This figure displays the time-varying movement of uncertainty spillover based on the forecast error
variance decomposition forecast horizon of J=10 weeks, J=50 weeks, and J= 100 weeks with a lag length of
3(BIC). The shaded areas represent the period of the Global Financial Crisis(December, 2007 to June, 2009),
Eurozone Debt Crisis (July, 2011 to September, 2013), Shale oil revolution (June 2014 to March 2015), and
COVID crisis (February, 2020 to May, 2021) respectively.

2.8. Conclusion
The study proposes a novel exogenous measure of commodity-specific uncertainty where we
construct a news-based commodity-specific uncertainty index by capturing the aggregate
media attention garnered by a commodity for a given week by scrolling through a set of 6000
newspapers, publications, and journals available on the LexisNexis database. The indices are
thereon found to be moving in close tandem with commodity-specific events across the world.

The exogenous uncertainty indices capture the 'social' aspect of the market.

Using a CS-ARDL model, we find that the uncertainty indices significantly determine
commodity futures prices in the short run; however, there is no long-run relationship between
commodity uncertainties and prices. Subsequently, we examine the uncertainty network across
the commodity assets in static and time-varying perspectives using a TVP-VAR-based
framework. We find that the uncertainty connectedness across commodities remains strong at

approximately 49% for the entire sample period. Further, net pairwise interactions across



commodities reveal that gold, silver, and copper are some of the prominent transmitters of
uncertainty. Finally, uncertainty connectedness is found to rise during GFC, EZC, and for a

very brief period during the COVID-19 crisis.

Subsequently, we explore net pairwise interactions for the full period as well as periods of
crises under scrutiny. For the full sample period, we find that gold, silver, and copper are some
of the prominent transmitters of uncertainty; however, during periods of global crises GFC,
EZC, and oil supply shock, we find an increased dominance of agricultural commodities,
especially soyoil. However, during the regional crisis of EZC, oil garners a dominant role in

uncertainty transmission in the network.

Third, we explore the aggregate pairwise connectedness between commodities and advise
market players to invest in commodity pairs with the least PCI. Combinations of commodities
with agricultural commodities- corn and wheat have high uncertainty synchronicity during
GFC and COVID-19 crisis. Commodities paired with oil are included in the high-ranking set
during the Shale oil supply shock. The pattern of pairs ranking during the EZC is similar to the
ranking documented during the full period. Most commodity pairs with soyoil, palladium, and

platinum maintain low uncertainty synchronicity across all sub-periods.

The network interactions across frequencies reveal that the uncertainty network dampens as
the horizons widen. The network undergoes a drastic change in the order of pairwise
interactions as one moves from 1 to 4 weeks band to a 5 to 12 weeks band and thereon to the
lowest frequency of 12 weeks onwards. Moreover, the network also attains stability across
medium and high frequencies. The network in the medium frequency experiences low
uncertainty transmissions when compared with the high frequency. Finally, the network for
lowest frequency (12 weeks onwards) closely resembles the network for medium frequency (5-

12 weeks).

The findings are especially instrumental for investors seeking to diversify with commodities.
The study provides a comprehensive yardstick by looking at network interactions across
different dimensions. In addition, policymakers and regulators might be immensely benefited
since commodities can be easily classified on the basis of their sensitivity to oil price shocks
and their vulnerability to a market contagion. The direction of uncertainty transmission or
spillovers between oil and other commodities and across commodities during the crises may

also assist in better understanding of uncertainty networks and balancing the portfolio risk.
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Appendix
We plot the time varying shocks transmitted by the commodities to the network, the shocks
received by commodities from the network and the net shocks transmitted to the network in
Fig Al. In most cases, we find a synchronous movement between the ‘to’ and ‘from’ shocks
causing slight variation in the ‘net’ shocks. The synchronous to and from movements are
indicative of an external shock that raises the uncertainty for all commodities simultaneously
such that the intensity of shock transmissions from one commodity resemble the intensity of
shock transmitted by other commodities (also depicted as shocks received by the said

commodity).

The asynchronous movements in the ‘to’ and ‘from’ shocks are especially evident for oil and
gold where the shocks transmitted significantly exceed the shocks received from the network
for most of the sample period. We also observe a noteworthy spike in the 'to' shocks of sugar
in early 2015 and a simultaneous drop in 'from' shocks for sugar around the same time. This
corresponds with an abnormal spike in sugar uncertainty in 2015. The period coincides with
the declining supply of sugar from the world's two biggest producers, Brazil and India. An early
departure of monsoons in India and a simultaneous ramping up of the production of ethanol in

Brazil introduced severe uncertainty in the markets during this period (Chandran, 2015).

Fig. A1: To, from and net plots of uncertainty connectedness for all commodities
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Note: The figures indicate the uncertainty shocks transmitted by a commodity to the network, the uncertainty

shocks received by the commodity from the network and the net shocks transmitted by the commodity to the
network.



3. Risk implications of dependence in the commodities: A copula-based analysis

Abstract

The study aims to quantify the risk across a broad sample of commodities using copulae tools to model the
dependence structures. Using daily returns of commodity futures from October 3, 2005, to January 21, 2022,
we find that in contrast with conventional wisdom, a C-Vine outperforms D- and R-Vine in modeling the
multivariate dependence structure among commodities. We then compare the efficiency of copula-based
models against traditional models in forecasting the portfolio and systemic risk in the commodities sector.
The findings suggest that copula-based models are more effective than traditional models in forecasting
portfolio and systemic risk.

Keywords: commodity, copulae, portfolio, systemic risk

JEL Classification:
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findings are especially useful for policymakers and market regulators who seek to gauge a

system's fragility by monitoring the market's systemic risk.

3.6. Conclusion

The study provides a holistic perspective on the risk implications in the system of commodities.
We use robust copula models to capture the asymmetry and non-linearity in the dependence
between oil and commodities. We thereon quantify the portfolio risk and the systemic risk
between oil and commodities using the bivariate and multivariate dependence structures
previously unaddressed in literature. Using a robust framework, the study unifies the previously
scattered and non-converging evidence in the literature. It serves as a comprehensive guide for
investors and policymakers wary of portfolio and systemic risks, respectively.

A multivariate dependence modeling of commodity futures reveals that a dependence structure
is most appropriately modeled using a C-Vine over D- and R-Vine. A C-Vine model shows that
copper lies at the core of the commodities dependence model. The dependence between copper
and oil is symmetric but weak, with a tau (7) value of 0.19. We find high within-sector
dependence of copper with - zinc, aluminum, and nickel. Further, except for agricultural
commodities (grains and soft commodities), the dependence of copper with all other
commodities is mostly symmetric and modeled through a ¢ copula. Moreover, the pair copula
models are more effective than traditional GARCH-based models in forecasting portfolio risk.
The number of violations upon pair copula modelling at a 95% level of confidence for the
optimised portfolios are lower when compared with the number of violations while forecasting
Value at Risk using a traditional GARCH-based model. The superiority of vine-based models
over GARCH based models in the case of optimised portfolios has been validated by the
Kupiec test and the Joint test. The same is not true for an equally weighted portfolio where the
vine based models are rejected on backtesting by Kupiec and Joint test.

While using systemic risk using copula models, we find that the relationship between oil and
most commodities is best modelled using a student's ¢t copula, suggesting a symmetric tail
dependence between the commodities. Finally, copula models, especially Student's ¢t copula,
are instrumental in modeling the systemic risk in the commodities market relative to the
traditional models. The Multi-CoVaR estimate allows the most conservative approach to the
systemic risk with the least number of violations (7), which is approximately 50 times lower
than the number of exceedances observed while using the traditional ACoVaR models (345),
followed by SCoVaR (58) and VCoVaR (158) Therefore, the findings reinforce the utility of
copula models in quantifying risk in between oil and commodities over traditional linear

models that are incapable of capturing asymmetric relationship.
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Appendix

Table Al. presents the results of an AR(1,1)-EGARCH-GED fit for all the sample

commodities.
Table Al: AR-EGARCH-GED fit of all commodities
Commodity Parameters Estimate Pr(>|t)
Mu 0.00 0.00 1.22 0.22
arl -0.02 0.01 -1.48 0.14
Omega -0.09 0.02 -4.54 0.00
Crude oil alphal -0.08 0.01 -8.22 0.00
betal 0.99 0.00 377.77 0.00
gammal 0.12 0.05 2.43 0.02
Shape 1.31 0.08 16.91 0.00
Mu 0.00 0.00 -3.30 0.00
arl -0.03 0.00 -5.10 0.00
Omega -0.09 0.00 -34.10 0.00
Natural gas alphal 0.00 0.01 0.26 0.80
betal 0.99 0.00 3753.93 0.00
gammal 0.15 0.01 10.61 0.00
Shape 1.33 0.05 25.78 0.00
Mu 0.00 0.00 4.81 0.00
arl -0.02 0.00 -3.46 0.00
omega -0.15 0.01 -17.92 0.00
Gasoline alphal -0.04 0.02 -2.93 0.00
betal 0.98 0.00 924 .41 0.00
gammal 0.17 0.03 6.36 0.00
shape 1.15 0.04 25.98 0.00
mu 0.00 0.00 0.00 1.00
arl 0.00 0.00 -0.11 0.91
omega -0.15 0.00 -65.64 0.00
Live cattle alphal -0.03 0.01 -2.89 0.00
betal 0.98 0.00 4338.13 0.00
gammal 0.09 0.00 25.30 0.00
shape 0.95 0.04 24.54 0.00
mu 0.00 0.00 0.00 1.00
arl 0.00 0.00 0.04 0.97
omega -0.05 0.00 -50.72 0.00
Lean hog alphal -0.03 0.01 -4.29 0.00
betal 0.99 0.00 32439.15 0.00
gammal 0.05 0.00 16.78 0.00
shape 0.69 0.02 27.95 0.00
mu 0.00 0.00 0.00 1.00
arl 0.00 0.00 0.03 0.98
omega -0.15 0.01 -24.95 0.00
Feeder cattle alphal -0.05 0.01 -5.17 0.00
betal 0.98 0.00 1510.09 0.00
gammal 0.10 0.01 6.45 0.00
shape 0.86 0.04 24.44 0.00
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mu 0.00 0.00 -0.60 0.55

arl -0.01 0.01 -0.92 0.36

omega -0.09 0.00 -48.07 0.00

Wheat alphal 0.02 0.01 1.80 0.07
betal 0.99 0.00 8283.51 0.00

gammal 0.10 0.01 8.43 0.00

shape 1.46 0.02 58.63 0.00

mu 0.00 0.00 0.56 0.58

arl 0.00 0.00 -2.39 0.02

omega -0.09 0.00 -18.43 0.00

Corn alphal 0.00 0.01 -0.27 0.79
betal 0.99 0.00 1615.19 0.00

gammal 0.13 0.02 8.10 0.00

shape 1.16 0.06 18.04 0.00

mu 0.00 0.00 3.61 0.00

arl -0.01 0.00 -3.15 0.00

omega -0.09 0.00 -24.90 0.00

Soybeans alphal 0.01 0.01 1.01 0.31
betal 0.99 0.00 2416.87 0.00

gammal 0.13 0.02 8.50 0.00

shape 1.18 0.05 24.13 0.00

mu 0.00 0.00 -0.22 0.83

arl 0.01 0.01 0.82 0.41

omega -0.04 0.00 -39.12 0.00

Soybean oil alphal -0.01 0.01 -0.89 0.37
betal 1.00 0.00 20880.89 0.00

gammal 0.08 0.01 7.82 0.00

shape 1.54 0.05 31.58 0.00

mu 0.00 0.00 0.00 1.00

arl 0.00 0.00 0.07 0.95

omega -0.11 0.00 -57.54 0.00

Aluminium alphal 0.01 0.01 1.08 0.28
betal 0.99 0.00 2611.32 0.00

gammal 0.12 0.03 3.57 0.00

shape 0.83 0.11 7.69 0.00

mu 0.00 0.00 0.00 1.00

arl 0.00 0.00 1.27 0.21

omega -0.13 0.08 -1.75 0.08

Copper alphal -0.06 0.14 -0.40 0.69
betal 0.96 0.01 127.60 0.00

gammal 0.42 0.10 4.36 0.00

shape 0.20 0.06 3.46 0.00

mu 0.00 0.00 0.00 1.00

arl 0.00 0.00 -0.22 0.83

omega -0.02 0.00 -24.24 0.00

Zinc alphal 0.00 0.01 -0.38 0.71
betal 1.00 0.00 26097.63 0.00

gammal 0.06 0.00 17.00 0.00

shape 0.95 0.07 13.64 0.00
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mu 0.00 0.00 0.00 1.00

arl 0.00 0.00 0.01 0.99

omega -0.05 0.01 -7.02 0.00

Nickel alphal 0.01 0.02 0.78 0.43
betal 0.99 0.00 2941.34 0.00

gammal 0.09 0.04 2.65 0.01

shape 0.66 0.35 1.93 0.05

mu 0.00 0.00 3.58 0.00

arl -0.03 0.01 -4.34 0.00

omega -0.06 0.01 -7.38 0.00

Gold alphal 0.01 0.01 1.47 0.14
betal 0.99 0.00 994.57 0.00

gammal 0.09 0.03 2.88 0.00

shape 1.06 0.04 25.83 0.00

mu 0.00 0.00 10.30 0.00

arl -0.04 0.00 -9.98 0.00

omega -0.07 0.00 -27.26 0.00

Silver alphal 0.02 0.01 1.39 0.16
betal 0.99 0.00 3620.95 0.00

gammal 0.11 0.02 5.65 0.00

shape 1.00 0.03 30.42 0.00

mu 0.00 0.00 0.00 1.00

arl 0.00 0.00 -1.26 0.21

omega -0.28 0.03 -8.70 0.00

Platinum alphal -0.19 0.29 -0.65 0.51
betal 0.94 0.00 252.70 0.00

gammal 1.15 0.54 2.14 0.03

shape 0.15 0.04 3.49 0.00

mu 0.00 0.00 0.06 0.95

arl 0.00 0.00 -0.23 0.82

omega -0.28 0.01 -50.27 0.00

Palladium alphal -0.04 0.01 -3.63 0.00
betal 0.96 0.00 2361.35 0.00

gammal 0.14 0.02 7.10 0.00

shape 0.98 0.05 18.32 0.00

mu 0.00 0.00 -0.83 0.40

arl -0.01 0.01 -0.68 0.50

omega -0.07 0.00 -26.70 0.00

Sugar alphal 0.00 0.01 0.07 0.94
betal 0.99 0.00 3500.66 0.00

gammal 0.09 0.01 15.89 0.00

shape 1.19 0.04 29.71 0.00

mu 0.00 0.00 0.52 0.60

arl 0.00 0.00 -0.08 0.94

omega -0.11 0.01 -8.93 0.00

Cotton alphal -0.01 0.01 -0.96 0.34
betal 0.99 0.00 640.93 0.00

gammal 0.11 0.03 3.95 0.00

shape 1.13 0.06 19.85 0.00
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mu 0.00 0.00 0.77 0.44

arl -0.03 0.01 -2.00 0.04

omega -0.15 0.00 -97.88 0.00

Coffee alphal 0.04 0.01 3.88 0.00
betal 0.98 0.00 7241.51 0.00

gammal 0.08 0.00 46.66 0.00

shape 1.26 0.04 30.35 0.00

mu 0.00 0.00 0.00 1.00

arl 0.00 0.00 -0.36 0.72

omega -0.15 0.18 -0.80 0.42

Ethanol alphal 0.10 1.19 0.08 0.93
betal 0.97 0.01 115.21 0.00

gammal 0.50 0.57 0.89 0.37

shape 0.25 0.27 0.92 0.36

Note: The table presents the AR-EGARCH-GED fit for all the commodities.
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4. Commodity price crash risk and crash risk contagion

Abstract

In this study, we measure the crash risk for commodity futures. We construct down-to-up
volatility (DUVOL) using 1-minute data and a negative coefficient of skewness (NCSKEW)
using daily data. We determine the drivers of crash risk and the subsequent crash risk spillovers
for commodities at different quantiles. The findings indicate a significant impact of speculation,
hedging pressure, basis, momentum, attention, and term structure on commodity crash risks.
Crash risk spillovers are asymmetric, remaining low at 33% at the median and peaking at
approximately 88% during the extremities. Metals and agricultural commodities, such as
soybean oil, soybeans, corn, and wheat, are mostly net transmitters of crash risk in all quantiles,
whereas livestock and energy commodities are mostly net receivers. We find that speculation,
hedging pressure, basis, momentum, attention, and term structure have heterogeneous impacts
on different commodities, indicating their relative preferences in a portfolio given their
characteristics.
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4.5. Conclusion

Crash risk has been extensively studied in the context of stock markets; however, this study
explores crash risk for commodities for the first time. It proposes a novel perspective on
commodity risk management. Given the apparent resemblance of the commodities market to
stock markets post financialization, this study invokes stock price crash risk measures to
estimate the crash risk for commodities. We measure crash risk for 17 commodities from four
sectors using down-to-up volatility (DUVOL) and negative coefficients of skewness

(NCSKEW). We estimated the crash risk at a weekly frequency using hourly data.

The crash risk is highest for wheat, sugar, and natural gas. We observe that the crash risk is
more volatile for energy commodities. Simultaneously, the high synchronization between the
DUVOL and BSADF bubble statistics for agricultural softs and livestock indicates that crash
risk is frequently sentiment-driven. Spikes in the crash risk of commodities coincide with
notable price-distorting events in the market. In line with the extant literature, we document
that speculation, hedging pressure, basis, momentum, commodity attention, and the term
structure of commodities are significant drivers of commodity crash risks. Overall, we observe
that, in most cases, speculation and hedging pressure lead to an increase in crash risk, with the
exception of crude oil. Subsequently, we find that this basis leads to a decline in crash risk for
commodities. In most cases, momentum and term structure also lead to a decline in crash risk.
Commodity attention, however, was found to increase the crash risk for corn, while decreasing

it for crude oil in the given week.

Additionally, we find that the crash risk spillover across commodities is approximately 88%
for the lower and upper quantiles and 33% for the median quantiles. The overall connectedness
structure at all quantiles reveals the dominant role of metals and a few agricultural
commodities, such as soybean oil, soybeans, corn, and wheat, in transmitting crash risks to

other commodities.

Finally, we illustrate the influence of commodity-specific factors on crash risk spillovers at
different quantiles, while controlling for macroeconomic and market factors. We document
heterogeneity in commodities. A commodity-specific variable that raises crash risk spillover
from one commodity may have no or adverse impact on crash risk spillover from other
commodities. The nature and magnitude of the impact of commodity-specific variables on

crash risk spillover are also contingent on the quantiles. We found that a variable is likely to
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have a significant impact on different sets of commodities across quantiles. However, in most

cases, the direction of the impact remains the same across quantiles.

The study is limited in its scope of limiting the definition of crash risk index to a euphemistic
implication of the conditional skewness of the return distribution, and does not extend to the
forecasting of the expected negative returns. A natural extension of this study is to explore
whether commodity crash risk explains the significant risk premium in commodity pricing.
Moreover, in line with the recent findings of Chabi-Yo et al. (2022), one can extend the scope
to analyse the financial asset’s sensitivity to the extreme downside realisations of all risk factors

in an asset pricing model.

We leave this analysis for future research. The findings are beneficial for portfolio managers
and policymakers in the effective diversification of a commodity portfolio and reducing the

crash risk in the market by identifying the locus of contagion.
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B. Regression robustness check

We present the Cumby and Huizinga (1992) serial correlation test results in Table B1. The null
hypothesis indicates that the errors are serially uncorrelated. The results indicate that there is

no serial correlation for both dependent variables.

Table B2 reports the mean VIF for all the regression equations. We find that the VIF is lower

than 10 in all cases.

Table B1: Cumby and Huizinga (1992) serial correlation test

Commodities p-value
DUVOL NCSKEW

Crude oil 0.904 0.25
Natural gas 0.964 0.602
Cocoa 0.505 0.151
Coffee 0.804 0.75
Cotton 0.595 0.141
Sugar 0.181 0.361
Corn 0.303 0.473
Soybeans 0.129 0.845
Soybean oil 0.675 0.671
Wheat 0.786 0.101
Cattle 0.939 0.339
Hogs 0.416 0.356
Gold 0.14 0.848
Silver 0.402 0.876
Palladium 0.91 0.135
Platinum 0.191 0.131
Copper 0.721 0.858

Note: The p-values indicate that the null hypothesis cannot be rejected. The test has been run for the final equation
using one lag.

Table B2: Mean VIF for regression models

VIF Commodity DUVOL NCSKEW

Energy CL 7.93 9.75
NG 5.45 52

cC 5.18 3.94

KC 4.59 3.81

SB 3.33 5.72

Agriculture CT 714 3.75
C 2.19 4.77

SB 4.58 442

BO 4.49 3.14
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W 2.65 3.59

Livestock Le 386 761
LH 9.16 7.31

G 2.89 3.59

SI 3.62 3.18

Metals PA 2.37 3.77
PL 2.54 3.67

CU 3.42 5.93

C. Quantile on Quantile plots for commodities’ crash risk

In this section, we advocate the need for undertaking a Quantile VAR connectedness analysis
for commodities’ crash risk. We present the quartile distribution for DUVOL in tbale C1,
followed by Q-Q plots in Fig. C1. We find that DUVOL mostly ranges from -3 to 3 for all the

commodities with substantial variation in the first and the fourth quantiles.

Subsequently, the Q-Q plots indicate that the distribution of commodity crash risk for all the
commodities is fat tailed with high kurtosis. This implies that the tails do not behave like the

mean and hence warrants a cautious analysis in the tails as well.

Table C1: Detailed summary statistics for DUVOL

Commodities Min. Ist Qu. Median 3rd Qu. Max.
Crude oil -1.45 -0.48 -0.21 0.48 1.39
Natural gas -1.51 -0.57 0.22 0.70 1.71
Cocoa -1.58 -0.67 -0.19 0.67 1.60
Coffee -1.22 -0.51 0.20 0.54 1.26
Sugar -1.81 -0.76 0.45 0.84 1.71
Cotton -2.50 -0.46 -0.13 0.41 2.57
Corn -2.47 -1.00 -0.51 0.95 2.53
Soybeans -2.15 -0.77 -0.43 0.73 2.29
Soybean oil -1.81 -0.63 -0.01 0.65 1.48
Wheat -2.07 -0.81 0.40 0.85 2.15
Cattle -1.67 -0.59 -0.14 0.56 2.42
Hogs -1.74 -0.55 0.16 0.58 2.00
Gold -1.29 -0.47 -0.21 0.46 1.27
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Silver -1.41 -0.66 -0.19 0.64 1.66

Palladium -0.92 -0.29 -0.10 0.27 1.06
Platinum -0.89 -0.32 -0.09 0.30 0.78
Copper -1.26 -0.53 -0.25 0.46 1.28

Note: The table highlights the distribution of DUVOL for sample commodities across quartiles.
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D. Quantile on Quantile plots for commodities’ crash risk

We present the plot of the total average network connectedness of crash risk across
commodities at different quantiles in Fig. D1. We observe a -V shaped curve indicating that
while the connectedness is much higher at the extremes, it reaches a minimum at the median
quantile. A similar hike in connectedness at the extremes has been documented by Tiwari et al.
(2022) who find a higher connectedness between energy and agricultural commodities at the

tails than at the median quantile.

Subsequently, we also plot the time varying TCI of the upper (0.95), median (0.5) and lower
quantile (0.05) in Fig. 2b. We find that the connectedness at extreme quantiles is very high and
mostly symmetric whereas connectedness remains low at the median quantile and keeps

declining over time.

Fig. D1: The total crash risk connectedness at different quantiles

0.05 0.1 0.z 0.3 0.4 0.5 0.6 07 0.8 0.9 0.95
Quantile

Note: The figure presents the Total connectedness of crash risk across commodities at different quantiles.

Fig. D2: Total connectedness at different quantiles
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Note: The figure presents the total connectedness index for extreme upper, extreme lower and median quantile
over the sample period.
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5. Summary and Conclusion

5.1. Summary of findings
In this thesis, we focus on exploring and anlaysing the interlinkages in the global commodities
market from multiple dimensions. In essay I, we indicate that analysing uncertainty contagion
is relatively more important than exploring return and volatility spillovers, since uncertainty is
the precursor to return and volatility. We construct a novel news-based measure of uncertainty
for a set of highly liquid commodities in the market and subsequently explore the spillover of
uncertainty across commodities in periods of stability, crises, and across different frequency
horizons. Using a panel-ARDL model, we discover that commodity uncertainty has a
significant impact on commodity futures prices. Additionally, we find that the overall
uncertainty spillover across commodities remains high at 49%, indicating at the high cross-
asset linkages in the commodities sector. The study finds a rise in uncertainty connectedness
during the GFC 2007-2009, the Eurozone Debt crisis 2011-2013 (EZC, hereafter), the Shale
oil supply shock 20142015 (oil supply shock), and the COVID-19 crisis 2020. It's interesting
to note that during the GFC, Shale oil supply shock, and COVID-19, agricultural commodities,
especially soyoil, become more dominant in the network, while crude oil continues to be a
marginal shock recipient. Given that food security is a top priority for economies during global
crises, the findings seem logical. The pairwise connectivity indices point to higher uncertainty
synchrony between oil and commodities like corn, wheat, and sugar. The lowest uncertainty
synchronisation across all sub-periods is found in oil combined with soyoil, platinum, and
palladium. We see that for the high frequency of 1-4 weeks, the connectedness of uncertainty
is greater and more turbulent; however, at medium (5-12 weeks) and low frequencies (12

weeks and beyond), the connectedness is not only sparse but also stable.

In our second essay, we move beyond the conventionally popular measures of modelling
commodity interlinkages. Based on recent research indicating the presence the non linear and
asymmetric connectedness across commodities, we advocate the utility of copula models in
adequately capturing the commodity interdependence. We find that C-Vine performs better
than the R-Vine and D-Vine in modelling commodity interdependence, in contradiction to
ecarlier research where copper is the central node in the vine structure. Consequently, we
discover that while vine copula models significantly outperform the conventional EGARCH-
based models in forecasting the Value-at-Risk (VaR, hereafter) for optimised (tangency and

minimum variance) portfolios, even though they are unable to accurately predict the VaR for
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an equally weighted portfolio. The Kupiec test and the Joint test have both been used to
corroborate the same finding. In addition, copula-based models are more effective at capturing
the systemic risk associated with the commodities than conventional marginal models. When
systemic risk is assessed using Multi-CoVaR, System-CoVaR, and finally Vulnerability-
CoVaR, the occurrences of Value at Risk (VaR) breaches are at their lowest. When systemic
risk is assessed using the conventional Delta CoVaR technique, the number of violations is at

its maximum.

The third essay highlights the importance of assessing the risk of crash in commodities sector
and the consequent bubble. We find that the proposed crash risk measures closely follows all
the critical incidents of crash in the commodities prices. Additionally, agricultural commodities
like wheat, sugar, and the energy commodity natural gas are more vulnerable to crashes. The
risk of a commodity crash is consequently significantly influenced by commodity-specific
characteristics such as speculation, hedging pressure, basis, momentum, commodity attention,
and term structure. We find that the total spillover is substantial (about 88%) during extremities
and low (33%) at the median quantile, showing an asymmetry in crash risk contagion.
Additionally, depending on the status of the market, the commodity-specific characteristics

have a variety of effects on the crash risk spillover.

5.2. Contributions of the study

The study aims to extend the existing body of knowledge by yielding constructive insights for
market makers, regulators, policy makers, investors, and portfolio managers. In the given light,
Essay [ makes multifaceted contributions to the literature. The proposed measure of news based
uncertainty not only has a significant impact on the futures prices, but also overcomes the
problem of endogeneity associated with a price-deconstructed measure of uncertainty used in
literature. Moreover, the study is perhaps the first to highlight the antecedence of uncertainty
spillovers over return and volatility spillovers, emphasising the need to analyse uncertainty
spillovers over the conventionally popular commodity networks. Further, the study
supplements the extant literature by using robust method of measuring spillover that is
independent of the size of the rolling window. Finally, the study also highlights the
diversification benefits expected from a commodity pair in different periods by estimating the
pairwise . We assert that such sorting is imminent for portfolio managers seeking commodity
pairs with the least uncertainty connectedness for a given period.

At the same time, essay Il attempts to enrich the literature with robust empirical evidence of

the performance of multiuvariate copula models in the context of commodities. First the study
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delineates the relative efficiency of C-Vine and D-Vine modeling in comparison with R-Vine
while quantifying portfolio risk in contrast with limited prior evidence that has focussed on an
R-Vine in isolation. Second, the study is the first to our knowledge to compare the relative
efficiency of copula and GARCH based models in quantifying systemic risk beyond portfolio
risk in the commodities sector. Moreover, we ensure the comprehensiveness and robustness of
results by examining an ambitious dimension of 22 commodities and relying on the Schwarz
Information criterion to find the optimal GARCH model and return distribution for
commodities.

In our third essay, we first use intraday commodities data to construct a Down to Up volatility
measure that measures the weekly crash risk for every commodity. To our knowledge, on a
few studies have looked at risk measures in the commodities sector. Subsequently, we
contribute to the literature by undertaking an exploratory analysis of the determinants of crash
risk and crash risk spillover. The study is the pioneer in determining the relative impact of
commodity-specific and other macro-economic factors on crash risk and crash risk spillover.
Last, we also evaluae the heterogeneity in the crash risk spillover networks at different

quantiles.

5.3. Scope for future research

The dissertation explores multiple dimensions of global commodity linkages. In this section,
we discuss the avenues for further research in this direction.

In our first essay, we have proposed a new measure of uncertainty and subsequently analysed
the network linkages of commodity specific uncertainty using time varying parameter-based
estimations. The findings of the study can be extended by analysing the impact of news-based
commodity uncertainty on other markets such as equity, cryptocurrency, bonds and others. The
findings would provide insights about how uncertainty pertaining to commodities have an
impact on other financial markets. Given the rising connectedness across financial markets, an
understanding of how commodity uncertainty traverses to other markets will yield useful

insights for effective portfolio diversification.

In our second essay, we have empirically tested the relative efficiency of copula-based models
over the traditional models in quantifying systemic and portfolio risk in the commodities sector.
Extant studies, including ours have explored the modelling of portfolio returns using vine
copula models, however, it may be interesting to identify the locus of contagion for other
integral variables such as commodity risk and volatility. One may also explore a copula-based

portfolio optimisation technique where the weights of the commodities are identified while
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incorporating the vine modelled inter-commodity dependence. The existing optimisation
techniques do not account for the past price comovements across the assets. Hence, it will be
interesting to check if vine-based portfolio optimisation techniques are able to yield better risk

return trade-off than the conventional mean variance optimisation techniques.

Our third essay provides a novel variable to measure the crash risk for commodities. We find
that DUVOL detects the historical price crashes in commodities. Thereon we explore the crash
risk spillover across commodities for different quantiles. We have also explored the antecedents
to the crash risk and the subsequent contagion. In an extension to the study, we find it intriguing
to explore if there is a recurring pattern or seasonal variation in the occurrence of price crashes
for different commodities such that price crash could be forecasted using a time series model.
It will further be interesting if the proposed crash risk is priced in the commodities market using

asset pricing models.

We aim to take up these research questions in our further research endeavours and make

significant contributions to the stream of literature.
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