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Abstract

Malaysia is a country which is rich in natural resources and one of it is gold. Gold has become an important national
commodity. This study focused on gold production in Malaysia and also in 102 countries from 1995 to 2010. The Hierarchical
Bayesian Model is selected to determine and explained the scenario of gold production in Malaysia. Through the analysis of
hierarchical Bayesian model of the cumulative gold production in Malaysia and other countries for 15 years, the posterior
mean of gold production in 102 countries are determined. Variance Partition Coefficient (VPC) is also calculated to
quantify percentage of total variation in world gold production attributable to between countries variation. This study has
found that the posterior mean for Malaysia and world gold production in hierarchical Bayesian are 3646 kg and 24 180 kg
respectively. VPC reading obtained is 0.9226 which indicates that 93% of the total variations were contributed by variation
between countries. This shows that the variation of gold production between countries is large and also the correlation of

gold production within countries is high.
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1. Introduction

The gold has become important these days as it gives sub-
stantial revenue to the country. It is reported that gold
mining industry was the major contributor to the gross
output of the mineral mining subsector in 2010. This
industry contributed RM612.4 million or 40.1 percent to
gross output' . The gold mining in Malaysia is limited in
the areas that is known as Central Belt. It stretches from
highlands in Batu Melintang, Jeli, Kelantan up to Gunung
Ledang in Johor. The majority of the gold production
apparently come from the states of Pahang, mainly in the
Penjom Gold Mine”. Approximately 12 gold mines were
operating in the country, all were located in the states of
Kelantan, Pahang and Terengganu.

In 2010, the main gold producers in the world are
China, Australia, USA, South Africa, Russia, Peru,
Indonesia and Canada. China has become the largest gold
producer in the world for the past three consecutive
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years. Gold production in China rose for the eleventh year,
evenin other countries show a decline of gold production’.
Gold production in Auatralia has also been encouraging
for the last 30 years. Gold industry has become the third
largest export commodity in Australia and thereby making
the country the second largest gold producer in the world*.

The world gold production has already reached peak
production in 2001. Lower production costs after the
financial crisis in 2008 has increased the gold production
in 2009 and 2010. The world gold production in 2008 and
early 2009 showed a decline from the previous year. Most
metal prices are fall and the world economic recession.
This matter has caused mining companies face difficulties
to continue operations. Therefore the rate of production
had to be reduced®.

From previous study, it is found that the gold pro-
duction is related to the gold price. Selvanathan and
Selvanathan® have proven that gold price affected the gold
production. While” shows that the gold price is
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influenced by two macroeconomic factor which are oil
price and inflation rate. However, Shafiee and Topal®
proved that there is high correlation between gold price
and oil price, while there is no significant relation-
ship was found between gold price and inflation rate.

Malaysia are among the 30 largest countries which
have gold. The country's gold reserves are said to be still
retained by 106 000 tonnes based on studies by Anon®. In
2010, the production of commodities such as gold has risen
by more than ten percent. Economic investment in the
mining sector has seen tremendous growth over the 6.6%
in 2010 compared to 3.3% in 2000°. These statistics clearly
show minerals like gold has been beneficial to the coun-
try. Efforts to identify potential areas for mining activities
are also underway so that the minerals can be utilized.

Based on the previous studies and the rapid activities of
gold mining in Malaysia, therefore we able to see the vari-
ation of gold production in Malaysia and other countries.
Therefore, the position of the Malaysia's gold production
can be determined. Based on the hierarchical Bayesian
approach, the level of the Malaysia's gold production
and its position compared to other countries is known.
It is able to help Malaysia in providing important infor-
mation to achieve sustainable economic development.

2. Materials and Methods

The data for analysis are taken from Monthly Bulletin
of Statistics Malaysia for the year of 1995 until 2010
and the book of World Mineral Production for the year
1995-2010. The data include the average gold produc-
tion produced by 102 countries, including Malaysia.

2.1 Hierarchical Bayesian Analysis

Bayesian methods use a different approach compare to the
classic method. In Bayesian, parameter is considered as a
randomvariableand the probabilityisdefined asthe ‘degree
of belief’. Bayesian terms come from the use of Bayes's the-
orem, which was discovered by Reverend Thomas Bayes
in the 18" century’. Bayes theorem can be explained as:

pl.y) _ Py (0)
p(y) p(y)

or can also be written in the form of proportions:

plly)e< p(yo }x 0)

plly)=
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which 7 () is a prior distribution, p(y|9 ) is a likelihood

and p(«9|y) is a posterior distribution. Prior distribution
refers to beliefs about the parameters before the data

are examined. Further, reliance on 6 will be updated to
incorporate the information from the prior distribution
and data through calculation of the posterior distribution.

Hierarchical Bayesian ideas have become increasingly
important in recent years. Hierarchical model which is
also known as multi-level model is used when the infor-
mation is available at different levels of observation units'®.

Hierarchical model associated with parameters vari-
ations between groups when there is a model for these
parameters. Occurrence of hierarchy is exist when the
model parameters are located ‘on’ the model of data.

Based on the foregoing, all the bayesian model is
hierarchy; when prior for located ‘on’ the model of ''. In
general, the Bayesian hierarchical has shape

y; |0j~p(yj |0j) (model for data in grou j =1,...,J )

0;lv ~1”(91‘|v)

(model between group or prior for

parameter 7 )
v ~p (v ) (prior for hyperparameter v )

by writing the hierarchy from the bottom up. Next, the
posterior density of all parameters,

0=(6,...0,.v) and the marginal posterior density for

interested will be calculated.

To begin a hierarchical Bayesian analysis, the distri-
bution of gold production in 102 countries for the years
1995-2010 should be identified in advance with the help
of Easy Fit software.

For the prior distribution, the fuzzy prior or nonin-
formative priors is used, since no information is known
about the priors, ie by taking the large variance. Therefore,
the normal and inverse gamma are used as a prior dis-
tribution. In overall, the Bayesian hierarchical model is
described as follows:

Yy |Hj,0'e2 ~ Normal (Qj,af)

Hj |,u,012.~ Normal (q),o- = )
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® ~ Normal (0,100000)
o >~ Inverse Gamma (0.01,0.01)

j
o’ ~ Inverse Gamma (0.01,0.01)
fori=1,2,...,1632 and j=1,2,...,102 . Variance

2 .
components 0 ; (variance of the random effects)

measuring the variability between countries while aez
measure variability of within-country.
Then the parameters of the model are collected in the

vector . Hierarchical

b= P 2
@ = (rrenOhro . .72

structure of the model allows for density pior factored as
follows:

p((z)):p(el ----- 9102=@=G§=G§)
=p(0,.:.0,,. 0.0 )p(P)pP(al)p(s?)

- iﬁp(% lp-s%)p(@)p(s2)p(s?)

Model is fitted by performed the Markov Chain Monte
Carlo (MCMC) which implemented in WinBUGS soft-
ware. A total of 20 000 simulations were done with the
first fuel (burn-in) is 10 000. The MCMC goal is to achieve
convergence. Therefore, the sample must be generated to
reach the equilibrium distribution. The equilibrium distri-
bution is known as the stationary distribution or the target
distribution for the MCMC algorithm. The MCMC con-
vergence refers to situations in which the algorithm has
reached equilibrium and generate value from the desired
target distribution. To determine whether convergence
has been achieved or not, some diagnostic tests should
be carried out.

2.2 Diagnostic Tests

The density of the Markov chain can be examined visually

with some plot, namely trace plot (¢ ), autocorrelation

plot (0‘62 ) and quantile plot, (0'12, ) . The Markov Chain
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error can also be seen, to reflect the posterior density
is estimated accurately based on the MC error which is
smaller than the standard error.

In the hierarchical model or a multi-level model,
residual variation in the response variable is sepa-
rated into components according to different levels'.
Therefore, to measure the percentage of the total varia-
tion, partition coeflicients of variance (Variance Partition
Coefficient,VPC) should be obtained. The VPC equation
is shown as:

o’
VPC=——"—
o,+0;

which 0’62 is the variance of level 1, the variance of the

likelihood and Uf is the variance of level 2, the variance
of the random effects. Then the VPC posterior samples
are obtained for point and interval estimation.

3. Results and Discussions

Figure 1 shows of gold production in Malaysia for the
years 1995 to 2010. Based on the graph, it appears that
the total gold production was 64.43 tons. The gold pro-
duction in Malaysia has already reached its peak around
the year 2003, where the cumulative gold production for
that year was 37.91 tons or 34 387 kg of 58% of total
production.
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Figure 1. Monthly gold production in Malaysia 1995-
2010.
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Figure 2. World Gold Production 1900-2010.

Meanwhile, the world gold production for a period of 110
years, ie from 1900 to 2010 is shown in Figure 2. During
this period, the gold production is seen rising. In 1900, a
total of 386 tonnes of gold were produced. Of these only
15% of gold production in 2010 which is 2,500 tons. The
year 2001 recorded the highest gold production of 2600
tons. Overall, the world gold production from the year
1900-2010 has reached production below 141 000 tonnes.

Based on the findings from Easyfit software in order
to determine the distribution of gold production in 102
countries, it has found that Normal distribution has given
the best fitted distribution among the other distributions.
To prove and validate the results, the Kolmogorov-
Smirnov test is done to validate that the gold production
for 102 countries for the year 1995-2010 are follow Normal
distribution with the hypothesis:

HO: Data follows Normal distribution
HA: Data is not follow Normal distribution

It has found that H are failed to reject at all significant
level in most countries. Therefore there are strong evi-
dence that gold production in 102 countries are follow
Normal distribution.

Table 1 shows the estimated mean E(G j| yl.j) and stan-
dard deviation of gold production in all countries. Based
on these, the highest mean was recorded by South Africa
with a mean production was 359 500 kg, followed by
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United States and Australia. While the lowest mean was
recorded by Taiwan with a mean production of only
about 20.6 kg. The mean of gold production in Malaysia is
3646 kg, after taking into account the variations between
each country's contribution. Malaysia was ranked at 46th
out of 102 countries in gold production. From the origi-
nal data, the average gold production in Malaysia is 3641
kg. Due to the informations from other countries which
are allowed in hierarchical Bayesian model, the average
gold production of Malaysia has increased to 3646 kg.
Meanwhile, the estimated mean of world total gold pro-

duction, g1 was 24 180 kg per annum with refer to Table
2. Table 3. shows a summary of the posterior’s parameters

for ¢ , o'e2 o /2 and . From the table, the error of Monte
Carlo (MC) for the three parameters are smaller than the
posterior standard deviation. Thus, there is strong evi-
dence that the mean posterior was estimated with high
precision. For the components of variance, the variability

. 2. -
between countries, 0 ; is large compared to the variabil-

ity within-country, 0'62 . For a more accurate explanation,
the variability among countries is twelve times that of the
variability in countries when the each mean posterior are
compared.

3.1 Diagnostic Tests

Figure 3 are trace plots for the generated values. From the
figure, there is no pattern or irregular shape seen in
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Table 1. Mean and Standard Deviation of 0 j

Country Mean Std Dev Country Mean Std Dev
Armenia 1024 4611 Zimbabwe 16470 4592
Azerbaijan 1187 12700 Kanada 135500 4611
Bulgaria 2681 4573 Costa Rica 529.3 4590
Finland 2112 4567 Cuba 867.4 10580
Perancis 3559 6171 Dominican Republic 1510 6451
Georgia 1927 4525 Guatemala 5483 5492
Greenland 1775 8194 Honduras 2290 4746
Itali 618 6974 Jamaica 214.8 9162
Poland 643.3 4579 Mexico 32800 4608
Romania 2087 4579 Nicaragua 3304 4596
Rusia 154600 4567 Panama 1054 6456
Serbia 602.7 6057 USA 290400 4596
Slovakia 243.3 4619 Argentina 29610 4611
Spanyol 4196 5484 Bolivia 10390 4606
Sweden 5701 4563 Brazil 49040 4603
Turki 5325 4545 Chile 43420 4582
United Kingdom 137 9148 Colombia 29910 4600
Yugoslavia 2333 7461 Ecuador 4232 4613
Algeria 603.8 6156 French Guiana 2786 4583
Botswana 1509 5762 Guyana 10790 4576
Burkina Faso 3769 4739 Peru 143400 4589
Burundi 2103 4590 Suriname 10500 6905
Cameroon 721.5 4596 Uruguay 2288 5837
Chad 164 8147 Venezuela 10080 4566
Congo 3585 4720 Burma 126.1 6090
Mesir 4403 17720 China 216600 4560
Equatorial Guinea 137 6944 India 2637 4591
Eritrea 176.4 5573 Indonesia 113500 4628
Ethiopia 3294 4771 Iran 577.6 4602
Gabon 197.5 5813 Jepun 8388 4563
Ghana 71150 4595 Kazakhstan 16460 4573
Guinea 14470 4586 Korea(Rep Of) 362.7 4599
Ivory Coast 2908 4573 Korea, Dem. P.R. 1790 6505
Kenya 975.6 4570 Kyrgyzstan 16230 4577
Liberia 629.7 5070 Laos 5063 6456
Madagascar 4244 6507 Malaysia 3646 4595
Mali 34840 4615 Mongolia 12550 4591
Mauritania 3698 6894 Myanmar 120.7 6937
Morocco 946 4579 Oman 365 4567
Mozambique 169.2 6509 Filipina 34820 4573
Namibia 2369 4585 Arab Saudi 5660 4587
Niger 1740 5500 Taiwan 20.6 5788
Nigeria 1170 6909 Tajikistan 2157 4588
Senegal 1609 5817 Thailand 3824 5810
Sierra Leone 71.86 6911 Uzbekistan 79510 4598
Afrika Selatan 359500 4584 Vietnam 2404 4757
Sudan 4252 4618 Australia 267700 4575
Tanzania 26950 4642 Fiji 2994 4589
Togo 9774 7460 New Zealand 10590 4594
Uganda 8079 4612 Papua New Guinea 62850 4599
Zambia 772.1 4730 Solomon Islands 631.8 5293
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Table 2.  Summary of the posterior u
Percentile
Node Mean Median Std Dev MC error
2.5% 97.5%
U 24180 24180 577.7 4.173 23040 25310
Table 3. Summary of posterior for parameter in the model
Percentile
Node  Mean Median gtd Mc
eV error 2.5%
0 557 552 991 7.227 -1375 2508
o2 3.39¢8 3.39¢8 1.39¢” 111800 3.13¢8 3.67¢®
e
o2 4.37¢° 4.31¢€’ 6.28¢" 4.22¢° 3.30¢’ 5.76¢€°
J
Table 4. Summary of posterior VPC
Std Dev Percentile
Node Mean Median MC error
2.5% 97.5%
VPC 0.9268 0.9271 0.009955 6.736x10° 0.9061 0.945

o, O'Z and o 12 . Therefore, convergence has been
achieved. Figure 4. is a plot of autocorrelation. Based on
this figure, the autocorrelation of the three parameters is
low. This shows that convergence has been obtained on the
low number of iterations. Quantile plot is shown in Figure
5. The plot shows that the selected quantile was balanced
and this shows that the algorithms have been converging.

The trace plots, autocorrelation and quantile for param-

eter 0 ; also shows the convergence was achieved in all
countries. Besides the plots, the errors of Markov Chain
(MC) also clearly shows that the posterior density is esti-
mated accurately based on the MC error which is smaller
than the standard error. Based on the evidence obtained,
it is obviously that Markov chain has converges to the tar-
get distribution, ie in this case the posterior distribution.

From the Figure 6. and Table 4., it found that the
mean posterior is 0.9268. It means almost 93% of the
total variation in world gold production were contrib-
uted by variations between countries. According to
Ntzoufras®, the VPC value which is close to ‘1’ means
the correlation of gold production in the country is high.
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This shows that the random effects has improved the
model and further demonstrate the importance of using a
hierarchical model.

In the Bayesian hierarchical model analysis, infor-
mation on the posterior distribution according to the
gold production in 102 countries have been obtained. In
Malaysia, the mean of gold production is 3646 kg, while
the mean of total world gold production was 24 180 kg.
Based on the analysis of variations in gold production, it
is found that 93% of the total variation was contributed by
the variations between countries. Correlation was found
to be high in the country of Malaysia. This shows that
there has been improvement in the model and the selec-
tion of using hierarchical Bayesian model in this analysis
is accurate.

4. Conclusion

In Hierarchical Bayesian analysis, we concentrated
on looking at the posterior distribution. Based on the
Kolmogorov-Smirnov test, we have found that the gold
production in 102 countries are follow Normal distribu-
tion. Since we don’'t have any information on the prior
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Figure 3. Trace Plot.

distribution, therefore we use an uninformative prior in
the analysis and using large variance. For the prior distri-
bution, mean of prior is follow Normal distribution and
variance following inverse-Gamma distribution.
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The results showed that the posterior distribution of all
parameters are estimated and obtained by using 20,000
samples. The Monte Carlo error for all parameters are
smaller than the standard deviation of their posteriors.
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Figure 4. Autocorrelation plot.

This shows that the mean posterior is estimated by
high precision. To prove MCMC convergence has
been achieved, a number of diagnostic tests were
performed. The diagnostic tests are based on trace
plots, autocorrelation and quantile plot. Based on the
plots, it found that the Markov chain has converges
to the target distribution; the posterior distribution.
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lag

From this analysis, the estimated mean of gold production
in Malaysia for each year is around 3646 kg, while the mean
of total world gold production is 24,180 kg. In addition,
the partition coeflicients of variance (VPC) is also calcu-
lated in the Hierarchical Bayesian model. The VPC which
obtained can help researchers in identifying the percentage
of variation within and between the amount of variation.
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Figure 6. Posterior distribution of VPC.

The mean posterior which obtained from the VPC sam-
ples is 0.9268. It means 93% of the total variations are
contributed by the variations between countries. It also
showed that the correlation in the country is high as its
value is close to one. The use of hierarchical bayesian
models in the study of world gold production is very
sensible and right as of the study are clearly shows that
the random effects have been able to improve the model
and therefore prove the effectiveness of this model.
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