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Abstract

The data analysis of the metal mar kets has
because the prices of precious metal are re

A robust estimate of extreme |sostso imi tviigaatle

ri sk and uncertainty in metal pr-atieskK |l uct u:
and statistical properties in daily price
silver, pl ati num, and pall adi2irm, 2f0rld8m Jréhretr

conditional wvariance i s modegpedmbgelds f { BARC
and EGARCH). The estimated model suggests
effectively with the metal price metsurns a

are very clear.

I n the second part, backtesting approach i
moddlins.compari son of VaRs for the four prec
and most steady VaR, thelnl adcgi prhahasutmheanldo
most volBhel pPadBResting result confirms th

met hod in improving risk management assess:
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1. Introduction

Preciomariket al have been highly volatile in
and demand i ssues, but al so due to many
conditions, new financi al i nnovatweons, ano

repl4d.caZ&a-hg Zh@sntgud2y0 @ 6 ) méntea | commodity mar k
their seéexaminedeyhe VaR and statistical pr
precious metals, which include gol d, sil ve
2000 to Sepfiveembgeernex,al ly confirm the origi:H
period used in the original study. However
especially data from the financial <c¢crisis,

gener al | yr fdoorens pnaortt ipceul ar | y Wee lfli nddu rti magt ewht
i ncluding adat &8,f r2ddmMm 8, ttoh e©OcBAdRe2td .y 2T & or ms
wel | on 95% confidence interval, while per
i ntee&PARCH modreltostime lmrevi ous study, perf
We offer a number of tests of thepawtdel s,

of the conclusions of the previous study.

The quantification of the poetverdtsi d&lorsipze ca
met al s and portfolios i ncluding them i s
management and ri sk maRRagéadmd VvVERsfoat ehioe $ )

an i mportant instrumentwhwech hestitmamdi nlaa@crt



expelceesl of canp @retnfealaitee over. aRegak abpor ol
acc¥pRs a bcacsmpaniotrh eiapi $ at requirements f
expoSGCHAREHY pe m@oaded esmmon appr oaacnhd teos t mamhd le
vol atility .a'red ddrer esltaagtndarrsd GARMdAHd erhod el

asymmetries of the volatility, which means
the same influence oMot Weavolwatihl itthy saprod
extension models in GARCH family such as
exponenti al GARCH (EGARCH). These two mode

considerati on.

I n t hissi npialpaerr t o t Wwe e xeamihpeusvodtaudy,ity beh.
precious ,mediallvergolml ati naonn taanidoeplenb d atds um.
GARCH(1,1) andofEGBRKCEHK 1f dmi,ly to calcul at e
of confidence | Ataggheald ¥aB REGH ymat moBAIl s

and then use violation ratio to examine an
modellns .t he previous st6GARCHt meyetommnai rEeGA R

mo d e | to test the data sets.

This paper i s organizedSastiohl 2wprAvidestB
revi ew. iSetcrtodoh@ae3m tehkxe@l|l orati on. adecstahni gt
pr e stehnet snoeltohgoyd | e ment edSe ot g ha wb daud) tylod rle s

dayhead VaR estimation arfd pei odoaddetilismn r@&t i o



our concl usi on.

2. Literature Review

Tooffer a comparative Vview, we summarize tf}
related |iterature i n GARCHE andwbBARBEREHdembeE
model s are widely wused in the I|literature t

precieauasl mmar ket s.



Tabll eLiterat

St udi es Purposes Dat a Met hodolMain Findin

Daily ti mehe

This studff wosecl osing fut ) .
Ri sk hedgin

f acdvoorlsat i |l itygold, silveGARCH, )
Ha mmoudel ) andi Invaerrk et s
GARCH family tand for theCGARCH, .
Yuan (20C( ) ) pressing th
volatility behmonth TreasEGARCH
. mar ket .
strategic comnfrom Januar
May 1, 2006
This paper uti The SGT di st
fl exible skeweWest Texas appears to
(SGT) distribu WTI) <crude appropriate
Cheng an@petrol eum and heating oil GARGS&HGT,enables ris
(2010) that are charaand copper GARGEBED f uillfl their
|l eptokurtosis January 200 mi ni mi zi ng
order to provi2009 regul atory
approxi mati gns reqguirement §
) Daily retur The Ri skMet
This papetro uasne X
closing spo_. the best pe
the mar ket dow . Ri sk Metr
. . precious me the Basel r
Hammoudelassoci ated wit asymmetr
_ silver, pla both the nu
(2011) four precious . GARCH ty
) pal lmdirom J the red zon;g
S&P 500 i ndex, model s ]
. . . 1995 to Nov average capi
diversified po .
20009. requirement j
GPD was fou
appropriate
This pgpeerraste desbe the c
] . Monthly gol Gener alii )
Pareto distrib excess dist
Huangl et ( January 196Pareto
model extr eme heterosceda:
2012. (GPD mod .
gol d mar ket return seri ¢

adequate es
VaR and ES.

Theremeaxi $ 6
dependence

. correspondi
This paper pro

_ _ . Copul a CGDGPs, in thg
Bi var i atoep-bEBaMIE Gol d, Pl ati . .
) Bivari atmet al mar k e
approach to anPall adium c . .
He et al . . Empiricaproposed mo
the multiscalefrom 4 Janu )
. . Decomposused to ide
structure in tApril 2015

(BEMD) nsignificant
relationshi

mar ket s

precious met

the multisc
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3. Data Exploration and Statistical Analysis

Il n dthydwe tend to estimate risk measures foc
we consider daily cl osing swioltv err,i cplsatoifn un
pall adsame as the. pkFeritohies sdluagt &@d admer i es,
Januar0oyd ont ke r20Ww8i ch is t&&GIomgelmoatei drmsa.

our opinion, we think thmahmketh afotan i 200§

typical for the future market, SO wWe r emo
20MWe. col l ect daily spot price of alll four
Al | ftolpa ec met al price i s based on Uu. S. d
compounded daily returns are computed as f

. oy

O TTtl—

P n

Il n thisi &ogmulea,t he r edgannd ptmeepieaduwse nrhet al d

spptice roems gpagt itvel vy.

We used the price and return of gold and ¢
tendency sincengol onbagdasifliwancaané indicat
on other precious meitddl| yc oursneddhilat sii eass,ff i bmuate nat |
i ncl usi on Fii gp. p o stithdes Itiionse. seri es plots of go

prices andtuhaesr | og
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FiguGel d and Silwvetupnipkoass | og
Figireditchaatoed at i |l ity clustering is manifest
returns revealing the g esemiter odfihnes elratse
bot hr dtogrn figure is | arger than what woul d

statistotctat heesolt skiahdseoturpseaireus hoain i

As can be steleen mena nm adifleeatl2d e dalt v, sleedhsd et d hze

12



standard deviati Amoingf d-fhee craevtusal I,Ivew |hewse It .h
higesmdard deviati on,| nwhtihee pgrodwvdi ohuass stthued y
has the highest standard,dewidatiaon nghit hatg
became more volati.lGompari mg 1t ®cetnhte ysetaarnsd
di stribution with skewneesdsbsOa togredlhesi avn ttht
data set has a | eptokurtic distrib-ution wi
Ber-B(Jor short) tessusepporesetcthat hewenuelain
Gaussian distribution for aliFurl@fDFnBor Ac c
Sshotreag)he resul tr ey edheygbottehdedsyi s of wunit root

studi ed. So, we ¢ ame tcaoln cd ruidcee tshaanmip | per erce towrs

me mor y.

Tab2dSt ati stical analysis

Me a(n%, St andar d Maxi m MinimSkewn KurtcJB tcADF 1

Gol d 0.00 0.0042 2.03¢ 3.85 0.60 8.85 1 1
Silver -0.00 0.0076 2.74¢ 6.01 0.92 9.68 1 1
Pl atir -0.01 0.0047 1.781 2.72 -0.22 5.17 1 1
Pallac 0.01 0.00609 3.72¢ 3.50 0.26 5.33 1 1

NoteB :telst results in 1 means rejlave tthlree nulkk d wrhe s

and kurtosis matching a nor mal di stribution. ADF

that a wunit root is present in a time series samp

I n conclusion, the statistical anwvalaysi s fo

that these precious mebamalrkeyudnstarbuseéedt

13



short ®mbBmergonclusion is same as the previ.

4. Testing for data features

4 . Tést tfaotri oShary
S mr|ltalbe previous research, in order to bui

needed on the series to make sure the unde]

stationary hold. Only when serieso imotstati
change with time, models can be adopted to
I n this paper, we adopted a simple test be
vectors x and y comes from independent r an
with equrmmad engwals @ut unknown variances. We
into equally two vectors x and y. Then we &
resul ts wild/ reject the null hypot hesi s.

Tab3l st resul ts

Gold Silver  Platinum Palladium
Test result 0 0 0 0
*result = 0, fail to reject null hypothesis, stationary
Theesults for the four series are al/l 0,
hypot hesis, and all the four data sets are

with the previous research.

14



4 . T2st fororJeerliaali ot

I n order ttoaipleed omamd el idneg on the | og return
tests on the return and variance character:i
AR(1) model is adopted to filter-redgturtnise au
And AR 199i ngled out according to the censor
autocorrelation functions graphs through n
conduct the same analysis and trying to fi
fi r st test we performed was about whet her
correlation. We adopted the autocorrel ati

function i n MATLAB.

15
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From the graph, it is evident tsatr ethwerrre. i s
Thus, we can reach the conclusion that n o
AR(1) model in the previous research woul d
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4 . Te8st dtogr HHscedasticity
After testing on the serial correlation, we
The tamgeing volatility would interfere the
and influence thepgeal oty oése¢edhrecldahas IThe
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Pl atinum, &t hariascedaps the strongest i nfl

Silver, other recent vari@noevelatsbihgs som
The second test is plotting the return agai
with time. According to the previous reseat
has the highest standard deviation, while r

2000~2016. Compared with the newepdtodata t

that the return volatility for Silver becal
in recent years are more volatile than befoc
volatility, which means t haad trhel arairwkeelty vso

and unchanged during the years.

18



Return against Time, Gold
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Figareli me series return
On the other hand, as the previous researc

each met al Ssheawederdti mgnggreaamuhduezeuvati Th
pointed out that the return against time fi
clustering behavior. These conclusions stil

on the following graph.

4 . Tést ifsotrriDbuti on

Due to the fat tail of the met al price retu
to capture the extreme conditions in the m
to modify if the studentort tdhe tmd tbault i prni oveo

19



T Distribution Fitness, Palladium
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Quantiles of Input Sample
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Fi gbQ® pl ot

cording taoantheomgqgqphoMATLAB, we menitored
ta series with-t2 ddiisftfreirbentti an sanrd bnuotri nobanl s

sul tdii st tihlaut iton have much stronger abili

icensgs et Mor e sopdicsitfriichadtliygn tcden tcapture n
creases i n metal prices and a considerahb
i ces. As for the nor mal di stribution, [
creasesheahmet al mar ket has huge fluctuat
opt-ditshter itbut i on. Based on different met h
mplicated EVT distribution to capture al

20



di stri buwtvieoan thbasbeprabl e to capture most of

2010 ~ 2018. THdhiusst,r iwbeu taidoonp tfeodr tt hi s paper.

I n concl usi on, based on the tests we perfo
stationary, meani ngedthlayt ursoedde.l s T hceann abcec o d
autocorrelation function and parti al aut oc
and 2018 have no seri al correlation, t hus
Finally, according to theedwtrocwvramelaatciegn t
variance would HKmvwear impraacd, otnhuso daet er osce
GARGHype models are stildl needed. The diff
previous research are 1. TheedRgnly dovmodr e
We adogitetdritbuti on instead of the EVT di st |
The Silver return turned out to be more v

volatile one in recent years

21



5. Model Estimation

To iemgiht an estimation procedure for these

model for dfhet deg n@aomm cisti onal volatility.

According to the pr-6ARCHs modeétawal, atdlopt AR

t hey found out t harethails tharsitcoali cradt uyrrn sc ecsf a

and variance was not constant either. Howe
test we performed in part2, we found out t|
independent , wh i cohd erhe ainss ntoh alto nAgRe(-w1lad ngnme d e d .
volatility stildl hol ds.

Thus, in this paper, we use the parsimoni ol
volatility. Mor eover, they also conducted
effect exist in the metal returns. Our pap:¢
VaBy capturing some volatility stylized fa
in the metal price return innovations to se

Va® computations.

5.Dlefini ngRiVak ue
Exposure to riskoocan kRuapekeftielded ods tolverwa

a given confidence | evel, which VaR is thi

22



| evel Il ndi cates the amount that mi ght be |
time period wi tih uar es ppéidoirbfaitbéi dl sstpyalplerf awe st i

period as one day.

Similar to the previous research, we suUppoO:
distribution of daily returtrmdqgli antsiolme ofi stkl

portfolio is thelUsudefitrhemd to be the VaR

Pr QV4 R)U =
The iVeaRt he smallest value for X such that
mor e UAHamough tWBies paarrbaimertaerri |y chosen, anal

not refer to the process of chdvs0nE, t he pe
0.01, O0.05}. In the estimation, for each d
VaR for that day would be absolute value t
and 50th small est return respecthvehg. Anc

previous research.

5.B2¢6 i madti+nlg usi ndg y® AR GH

I n 1986, d8ovoél epstdevhe generalized ARCH, or
vary volatility, which relies on modeling
of the squared past -ri entnuafiods 8o n sa.s Byh eu s inmau tt
the oonmdi tviari ance of the standard GARCH (1

” (::) _Z- T Z”

23



Whereowtrhe > 0, 1 - () ‘ . is the average
during the olbhseerwaolnagt ipleirtiyodt.oday wo-ul d be a

adjusted return and variance

However, due to the drawback of standard GH#
effect in the volatility of metal price re
assumption is the volatility are symmetric
wor |l d, the increase and decrease in retur

(asymmentpraicde s ) .

I n order to verify whetherurlnev erhag e GAAFRICeHc tm

is also included

TheGAEARCH(1,1) :is defined as

G O -2 -— 72— 1720d%

wher-e () andidepicts the | everage effect.
A The positive return aanbds on eugtaet iavneo urnett uorfn
wi || have different I mpact on the vol at |
Alftis posisgiisvenaqati ve, meaning that nec

would bring highet ivmbdadti lan yt he next d

Aln contrast to thectGARGH nmreecdelt,o nboe rienspt
24



mo d e | parameters since the | ogar it hmic

forecasts of tnhkegavwadarieance are non

In conclusi on, t he prev-GABRGH(rlesleayrahd aMdR(
EGARCH(1, 1) . Il n our research, we found ou

anymore, thus GARCH(1,1) and EGARCH(1,1) a

5.B3ti mati ng iRsecsuuslsti oannd D

By observing the autocorrelationtsy iamndSect
volatility clustering behavior in the cons
returns have significant -twmleatmoldietly nceleudsst e
adopt ed. Because of the {fdatsttraible adafo otfh e free
normal distribution to better fit the data.
student t distributions are developed so a

the precious met al returns.

25



RSquare t

Tabd e Model

esti mati on

o

Garch(1,1)
Parameter Gold Silver Platinum Palladium
c 1.73*10A(-7) | 4.03*10N(-7) | 2.30«107(-7) | 5.68*10A(-7)
(5.22) (5.34) (4.23) (4.64)
n 0.03765 | 0.03863 0.02993 0.04876
(17.16) d (17.42) (8.39) (8.75)
B 0.95245 0.95405 0.96014 0.93991
(316.03) [ (325.12) (199.80) (139.87)
Adj. RA2 0.00003 0.00041 0.00051 0.00003
AIC -7.22251 -7.10189 -7.92918 -7.22251
DW-test 1.95743 1.97082 1.95219 1.95743
of =c+nre*+B*af,
E-Garch(1,1)
Parameter GOLD Silver Platinum Palladium
c -0.26056 -0.21584 -0.13088 0.23378
(-7.67) (-8.44) (-4.58) (-6.63)
n 0.11152 0.11887 0.06002 0.09794
(16.94) (14.48) (7.63) (8.29)
B -0.01267 -0.00511 -0.03259 -0.03596
(-2.59) (-0.98) (-7.43) (-5.77)
v 0.98383 0.98687 0.99206 0.98396
(338.74) (437.49) (404.16) (332.41)
Adj. Rh2 0.000407 0.00041 0.00051 0.00003
AIC -8.21977 -7.09919 -7.93044 -7.22082
DW-test 2.02598 1.970823 1.95219 1.95743
InoZ=c+n=* j;;T_ll +ﬁ*%+y*ina§,l
can be seen from Tabl e 3, we
t he met al returns,

and-twstalvad ure @aardd ad

compahmows et modfeil sness

26

the GARCH model estimati on
=cH+nxg_ >+ *of,

previous research indicates
I exceed 0. 86, i ndicating t

resul ts

perfor med

resul

he strong



t he par ameitlelr ssiagrnei f i fcaarnet awhli lger epaatrearmetthearn C

the volatility clustering in those metal r

As f or the EGARCH model estimation resul t:

€t—1
Voi,

The precious research got fouentarne |l ailsli ons

-1

2
Ot_1

Incf =c+nx + [ * +y*inof,

positivecamtd astigany stegei ; (2) the asymmet |
i's the manst BsBngpall adi uecramthiilne gtohled ;| e(a3s)t tshi

esti maitmmrtshe EGARCH(1, 1) conldli tgroenatle rv atrh aam

which indicates that over 95% of current
foll owing period.
As for the three conclusions, according tc

conditional wvariance EGARICHY( 1alll)dateleeaes ad d e®nf, i

positive and significant at any significan

1. Unl itkhhe previous research that Palladium h
out that the | evimamafpge &bfl elctando &fifliveir e mtr e
the other two metals, i ndicating that Go
news antebenéfom good news than the other

2.Similar to the preaisouws Ir eggsrecaartcelr, tehsatni mat

the volatility clustering in those met al
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with the prevhosestopsearch on

DWtest results are al/|l close to 2, i ndicat
in the met al returns.

Overall, based on the mli,nli)muam dAlIEGARCHI(el , 1 )h
both have a relatively small AI C value, i n

good. And the value of the AI C for EGARCH n
with the conclusion of, twe preoi caedsutesedr i
Based on its assumptitemsttsatati Bei cl 69er2,t
correlation exist, we can also reach the <c
no serial correlati oar.chSi nminerv aloattihlei tpyr ecvl
met al returns is clear, and the decay of th

does have an impact. on the met al price ret.

6. VaR Estimations and Backtesting

AccordBagelt oCommi tg e®u peravBasngkaionj alhaisnstit u
freetdoonmutseei r own modelaRti s kc  MmilRg) es &ent Lten, v
esti mad @yheaeed 1VaRs v(ila 1t)haemoGIAR QHL mb Y e |

and I mplaekewets tmenggsur e accuracy fboyr uvesaicrhg of

vi ol at.i oMms rnetntoi on8dcawouedmput e VaR by usi
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00 682
To define and record:the violations of VaR,

P QB wi'Y
mQai Q

Ol

The recorded violations aiGARKE. &8poplgoaachi aee

showed . nFiFgwr.e 6f or violationsgaadt VERBRsandc

using GARCH approach are available upon r e
0.04 Gold VaR and Violations 0.05% quantile using EGARCH
- T T T T X T T T T
VaR
*x  Violation happend
003+ * 5

0.02

0.01°F

0 | | | 1 | 1 | 1 | |
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
0.08 Silver VaR and Violations 0.05% quantile using EGARCH
. T T T T T T T T T T
* VaR
X * Violation happend
0.06 |- X X B

0.04

0.02

1 | | |
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Platinum VaR and Violations 0.05% quantile using EGARCH
T T T T T I T I T

0.05 \

VaR
0.04 X Violation happend | 4

0.03

0.02

0.01

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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0.08 \

Palladium VaR and Violations 0.05% quantile using EGARCH

VaR

x  Violation happend
0.06 - ]

0.04 - 7

0.02

1 | | |
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Figohre¢/aR and Violation happened

6. On®ahead ¥YaRmMBAtiI ons

For dXste evey stehe negative standardi zed resi dit
four dRtaeamsbBddsl.ceanm tsea quant ial e | evel of 99
VaR from our GARCH(1, 1)esappvmhaachh nesan®. 0Me9 la
confidence that the expected mar ket value
t heworcsaassecenari o -dvay hido T boeniearnre.asoas ewet heceh
GARCH(1,1) ®AREGH( AnH) Emode GARGH¥A®ROES t hat
not have restrictions on nonneght ihwistty <co
Therefore, GWRCH dmaosd aétlfhye Enost proper conditi
for tpheednvatuas! ,r eatnldlr ' want to compare its
GARCHodAtcording to the-deegheVmadR.i cAns rsehsount i f
Tablwen dt eEGIAFRECtH npordoediu ¢ ® wer VaR forecasts th
modat any quamtahyey mMmewveael spfioce return ser.

previous study.
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Tabsl edllagghead VaR estimati ons

Return Gol d Silver Pl atinum Pal | adi

Esti mat-cdasy faoamredd VaRs from the GARCH model

VaRi o.00s 0.0091 0.0160 0.0156 0.0185
Va1 o.01 0.0073 0.0132 0.01183 0.0201
VaRi o.05 0.0043 0.0072 0.0072 0.0105

Esti mateasy fohedd VaBARCHomodeé E

VaRi o.005 0.0072 0.0141 0.01109 0.0163
VaRi o0.01 0.0062 0.0104 0.0096 0.0156
VaRi o.05 0.0041 0.0059 0.0059 0.0104

Then we use a movVvi nd-dwymesddv qtuoa nd g tliemavtaeRst h
OUEGARCIHpproach nvestigate further about t h

preciouetme mssashbegur e 7
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