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Abstract: Gold price and production output are the primary drivers of value in the mining industry. 

They stimulate mining companies to invest in exploration or acquire exploration projects from junior 

exploration companies. This study aimed to evaluate the effect of gold price and gold production on 

exploration budgets in South Africa between 1997 and 2021. The results were compared from Ghana, 

Mexico and Russia. The Spearman and Kendall rank correlation coefficients were used to measure 

the relationship between the dependent variables and the independent variables. The study found 

that South African grassroots, late-stage and feasibility exploration budgets were not correlated to 

the gold price and annual production. The minesite exploration budget had a positive correlation 

with the gold price and an inverse correlation with annual production.  

Keywords: exploration budget; gold price; production; rank correlation coefficient 

 

1. Introduction 

The decision to invest in a mining jurisdiction involves a pipeline of complex institutional 

decision-making frameworks with different competing and counteracting factors [1]. Jurisdictions 

that intend to attract these investments must understand that investment decisions are subjective and 

objective. They are subjective in that the decision depends on the investor's interest and preferences, 

based on their attitude to the situation. They are objective in that the decision depends on the 

investor's understanding of its ability to successfully confront the various external barriers and 

restrictions inherent in the international market economy [2]. 

Mining investors must navigate three prominent risks: mineral reserve, market and capital 

modification risks [3]. Mineral reserve risk is associated with verifying and validating economic 

grade and tonnage estimates for mineral resources and reserves. Changes in demand, commodity 

price fluctuations, market share and variations in output quality are examples of market risks. The 

capital structures used to finance a project, such as debt versus equity capital, are associated with 

capital payment modification risk.  

The relationship between geological potential and the probability of unexpected changes in 

investment climate over the investment period is also a key factor that investors must consider when 

determining which jurisdiction is attractive for exploration investment [4]. A credible and publicly 

accessible geological database increases the geological potential of a jurisdiction [5]. The traditional 

country risk profiles contribute to the probability of unexpected changes in the investment climate 

over the investment period, especially in developing countries. The risk profiles are characterised by 

fragile political systems and institutional structures, expropriation, weak governance, poor 

administration, a weak regulatory regime, confiscation, corruption, instability of government and 

institutional deficiencies [6]. 

The key value drivers in the gold mining sector are gold price and production revenues. They 

stimulate mining companies and investors to invest in exploration or acquire exploration projects 

that have the potential from junior exploration companies. Exploration expenditure in gold mining 

projects is driven by the global economic growth and the gold price [7]. Growth in the world economy 
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increases the overall demand for gold, which increases the need for more production and, in turn, 

drives the need for companies to find more ground to replace what has been mined [7]. The rising 

gold price generates surplus revenues, which encourages mining companies to increase their 

exploration spending to replace reserve depletions and to advance their better-performing 

exploration projects up the value chain.  

Figure 1 shows the South African share of global exploration expenditure between 1997 and 

2021. The country experienced a massive drop in exploration expenditure after the global financial 

crisis of 2008 and has not recovered since. The lack of a credible and publicly accessible geological 

database, a non-functioning mining cadastre, weak governance, poor administration and corruption 

have further plunged the mining industry into decline. In 2021, the South African Department of 

Mineral Resources and Energy (DMRE) reported to the Parliament committee on Minerals and 

Resources that there were 4 647 applications backlogged for prospecting rights, mining permits and 

mining rights [8]. 

 

Figure 1. South African Share of the Global Exploration Expenditure. 

The aim of this study is to evaluate the effect of gold price and gold output on exploration 

budgets in South Africa between 1997 and 2021. The South African results were compared to those 

of Ghana, Mexico and Russia. These three countries were chosen because they are the top three gold-

producing developing countries. China, Australia and Canada are also leading gold producers, but 

they were excluded from the study because their economies are different from that of South Africa. 

Russia was included in the study because it provides a perspective on exploration budget trends for 

countries with state-owned companies that control the exploration and production of gold. 

2. Data and Methods 

The study correlated gold price with annual gold exploration budgets and production outputs 

from 1997 to 2021. The gold price data was sourced from the World Gold Council's annual end-of-

the-period gold price in rands per troy ounce (R/Oz) [9]. The exploration budget data (in millions of 

rands) was sourced from S&P Global Market Intelligence [10]. The gold production data was sourced 

from the United States Geological Survey (USGS) [11] world mine production by country or locality, 

in kilograms (kg). The USGS gold production data was last updated in 2019, which limited the gold 

production correlation to the period between 1997 and 2019. Privately owned mining companies 

largely control the gold production and exploration budgets of South Africa, Ghana and Mexico. 

Russia’s state-owned mining company, Polyus Gold, produces 70% of the country’s gold. The 
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inclusion of Russia in the comparative research aimed to offer insight on budget patterns in nations 

where state-owned firms control production and exploration budgets. 

The annual gold exploration budgets were divided into three categories: grassroots, late-stage 

and feasibility, and minesite budgets. Error! Reference source not found. shows the three exploration 

budget stages along the mine value chain. The grassroots exploration stage is the early stage of the 

exploration that involves assessing the nature of mineral deposits, determining the deposit size, 

grade and distribution, and evaluating whether the deposit can be extracted economically. The 

output from this stage is exploration results and mineral resources. The late-stage and feasibility stage 

involves the assessment of the technical and economic viability of grassroots and minesite 

exploration projects. It involves the conversion of exploration results into mineral resources and 

mineral resources into mineral reserves. Finally, the minesite exploration stage is defined as 

exploration activities at the operating mine. It involves identifying additional reserves to replace 

depleted ore reserves and extend the mine life. Output from this stage is usually mineral resources 

and reserves. 

 

Figure 2. Exploration budgets stage along the mine value chain (Modified after [12]). 

The Spearman and Kendall rank correlation coefficients were used to measure the relationship 

between the dependent and independent variables. Rank correlation coefficient methods were 

chosen because they both measure the non-parametric association between variables where the 

distribution of the variables is not defined, the relationship between the variables is non-linear, or the 

variables are independent of each other. The independent variables were gold price and annual gold 

output. The dependent variables were grassroots, late-stage and feasibility, and minesite exploration 

budgets. The analysis was carried out using Microsoft Excel. The Spearman rank correlation 

coefficient, also called rho, was calculated using the equation: 

𝑟𝑠 = 1 − ∑ [6𝑑2/𝑛(𝑛2 − 1)]𝑛
𝑖=1   (1) 

Where: d is the difference in the ranking of the dependent and independent variables; n refers 

to the number of paired data.  

The Kendall rank correlation coefficient, also called tau, measures the degree of concordance 

between two variables. It was calculated using the equation: 

𝜏 =
𝑛𝑐 − 𝑛𝑑

𝑛(𝑛 − 1) 2⁄
 (2) 
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Where: 𝑛𝑐 is the number of concordant pairs and 𝑛𝑑 is the number of discordant pairs. 

The directions of the correlations were measured between -1 and +1, where the negative values 

implied a negative correlation, positive values indicated a positive correlation, and zero implied no 

correlation. The strengths of the correlations were classified using James Evans’ correlation strength 

classification guidelines (Error! Reference source not found.). 

Table 1. Correlation strength classification. 

Correlation coefficient Strength classification 

0.00 to 0.19 Very weak 

0.19 to 0.39 Weak 

0.40 to 0.59 Moderate 

0.60 to 0.79 Strong 

0.80 to 1.00 Very strong 

The student t-test was used to evaluate the null hypothesis for the spearman rank correlation 

coefficient. It was calculated using the equation: 

𝒕 = 𝑟𝑠 √
(𝒏−𝟐)

(𝟏−𝒓𝒔
𝟐 ) 

  
(3) 

Where: the null hypothesis (H0): 𝑟𝑠 = 0, no correlation. The alternative hypothesis (H1): rs ≠ 0, 

the dependent variable has a relationship with the independent variable. The two-tailed p-value for 

alpha(∝) = 0.05 was calculated using the Microsoft excel syntax function: 

𝑝 = 𝑇. 𝐷𝐼𝑆𝑇. 2𝑇(𝑥, 𝑑𝑒𝑔₋𝑓𝑟𝑒𝑒𝑑𝑜𝑚) (4) 

The z-test was used to evaluate the null hypothesis for the Kendall rank correlation coefficient. 

It was calculated using the equation:  

𝑍 =
3∗𝜏∗√𝑛(𝑛−1)

√2(2𝑛+5)
  

(5) 

Where: the null hypothesis (H0): 𝜏 = 0, no correlation. The alternative hypothesis (H1): 𝜏 ≠ 0, 

the dependent variable has a relationship with the independent variable. The two-tailed p-value for 

∝= 0.05 was calculated using the Microsoft excel syntax function:  

𝑝 = 2 ∗ (1 − 𝑁𝑂𝑅𝑀. 𝑆. 𝐷𝐼𝑆𝑇(𝐴𝐵𝑆(𝑍), 1) (6) 

The t-test for ∝=0.05 must be greater than 2.069 for n=23 and 2.060 for n=25. The z-value must be 

greater than 1.960 for ∝=0.05. For the correlations to be significant, the p-values must be less than 

0.05. 

The first step in the Spearman rank correlation coefficient analysis procedure was to rank the 

independent and dependent variables in ascending order using the Microsoft syntax function: 

𝑅𝐴𝑁𝐾. 𝐴𝑉𝐺(𝑛𝑢𝑚𝑏𝑒𝑟; 𝑟𝑒𝑓; [𝑜𝑟𝑑𝑒𝑟]). The second step was to calculate d by subtracting the ranked 

dependent variables from the ranked independent variable for each pair of data. The third step was 

to square the d to find 𝑑2. The value of 𝑑2 was used in equation (1) to calculate the correlation 

coefficient. Hypothesis testing was done using equation (3) and the significance test using equation 

(4). 

The first and second steps in the Kendall rank correlation coefficient analysis procedure were 

the same as in the Spearman rank correlation coefficient procedure. The third step was to count the 

number of concordant and discordant pairs using the Microsoft Excel syntax function: 𝑐𝑜𝑢𝑛𝑡𝑖𝑓𝑠.The 
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number of concordant and discordant pairs were used in equation (2) to calculate tau. Hypothesis 

testing was done using equation (5) and the significance test using equation (6). 

3. Results 

3.1. Descriptive Statistics 

The study correlated the effect of gold price and annual production on exploration budgets. The 

budgets were divided into grassroots, late-stage and feasibility, and minesite. Descriptive statistical 

analysis was performed on the gold price, South African production and exploration budgets (Error! 

Reference source not found.). The mean, median, kurtosis and skewness were used to evaluate the 

distribution of the data. The mean and the median were used to determine whether the distribution 

was normal. For the distribution to be normal, the mean and the median must be equal. All the 

variables did not have a normal distribution. Kurtosis and skewness were used to measure the 

distribution shape and the distribution's deviation from symmetry. The analysis indicated that the 

dataset comprised different distributions. The Spearman and Kendall rank correlation coefficients 

were chosen as the method of analysis instead of the Pearson product-moment correlation coefficient 

because the rank correlation coefficients allow for correlation between series with different 

distributions.  

Table 2. Descriptive statistical analysis for South African exploration budget data. 

South Africa 
Late stage & 

feasibility 
Minesite 

South African 

grassroot 
Gold Price Production 

Mean 97.21 113.54 59.54 10 178.01 263 082.74  

Median 81.34 91.44 35.67 8 040.84 212 571.00 

Standard Deviation 82.48 78.73 58.43 8 154.95 127 021.51 

Kurtosis 1.72 1.09 2.19 0.09 1.28 

Skewness 1.33 0.33 1.68 0.83 0.49 

Count 25 25 25 25 25 

3.2. Gold Price Correlation Results 

The objective of the gold price correlational analysis was to determine the effect of fluctuation 

in the gold price on exploration budgets. The analysis was based on twenty-five paired data. The 

results of the gold price correlation analysis are provided in Error! Reference source not found.. 

The null hypothesis was evaluated using t-test and z-test methods for the Spearman and Kendall 

rank correlation coefficients, respectively. The confidence level for the analysis was set at 95 percent 

(∝=0.05). The null hypothesis (H0) for gold price correlation analysis was: 

𝐻0: rs = 0: Gold price does not affect exploration budgets. 

To accept the null hypothesis, the t-test value must be less than the critical value for N = 25 for 

∝ =0.05, which is 2.060. The z-test value must be less than 1.960 for ∝ =0.05. The alternative hypothesis 

(H1) was: 

𝐻1: rs ≠ 0: Gold price affect exploration budgets. 

To accept the alternative hypothesis, the t-test and z-test must be greater than 2.060 and 1.960, 

respectively. The p values for the Spearman and Kendall rank correlation coefficients must be less 

than 0.05 for the correlation to be significant. 
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Table 3. Gold price correlation analysis results. 

Exploration 

Stage 
Country 

 Spearman correlation 

analysis 
Kendall correlation analysis 

  Rho 
t-

test 

p-

value 
Tau z-test p-value 

Grassroots 

South Africa 0.41 2.17 0.04 0.27 1.87 0.06 

Ghana 0.14 0.66 0.51 0.11 0.75 0.45 

Mexico 0.73 5.17 0.00 0.49 3.46 0.00 

Russia 0.61 3.72 0.00 0.41 2.85 0.00 

Late stage and 

feasibility  

South Africa 0.25 1.22 0.24 0.14 0.98 0.33 

Ghana 0.73 5.05 0.00 0.49 3.46 0.00 

Mexico 0.8 6.41 0.00 0.59 4.11 0.00 

Russia 0.82 6.75 0.00 0.62 4.34 0.00 

Minesite 

South Africa 0.51 2.81 0.01 0.32 2.24 0.02 

Ghana 0.94 13.5 0.00 0.81 5.65 0.00 

Mexico 0.88 8.89 0.00 0.69 4.86 0.00 

Russia 0.94 12.94 0.00 0.83 5.79 0.00 

3.3. Gold Price Correlation Discussions 

The gold price correlation coefficients were positive for all dependent variables. Gold price have 

a positive effect with exploration budgets. However, the South African grassroots tau failed to reject 

the null hypothesis and failed the significance test. Ghana's rho and tau both failed to reject the null 

hypothesis and failed the significance test. The coefficients for Mexico and Russia passed the 

significance test and rejected the null hypothesis. The results indicated that Ghana and South Africa’s 

grassroots exploration budgets were not associated with the gold price. The Mexican and Russian 

grassroots exploration budgets have a positive relationship with fluctuations in the gold price.  

The South African late-stage and feasibility coefficients failed to reject the null hypothesis and 

the significance test. These results indicate that South Africa’s late-stage and feasibility exploration 

budgets were not associated with gold price fluctuations.  Ghana, Mexico, and Russia’s late-stage 

and feasibility exploration budgets correlated with fluctuations in the gold price. Error! Reference 

source not found. shows that the trends in the grassroots, late-stage and feasibility budgets were 

gentler than the steep rising gold price trend from 1997 to 2021. The budgets were fluctuating 

unsteadily compared to the consistent growth in the gold price. This explained the unsuccessful 

correlation between South Africa’s early phase exploration budgets and gold price. 
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Figure 3. South African grassroots, late-stage and feasibility exploration budgets and gold price. 

The South African minesite exploration budget was the only exploration budget that showed a 

correlation with the gold price. The strength of rho was moderate, while tau was weak. In contrast, 

the correlation strength for Ghana and Russia’s rho was very strong, while the correlation strength 

for Mexico was strong. Error! Reference source not found. shows that the South African minesite 

exploration budget experienced a steep rise from 2006 to 2009, followed by a significant decline from 

2009 to 2015. The minesite exploration budget had a trend similar to that of the gold price. This 

explained the successful correlation. 

 

Figure 4. South African minesite exploration budget and gold price. 
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3.4. Annual Gold Production Correlation Results 

The objective of the annual gold production correlational analysis was to determine if the South 

African gold mining industry was replacing mined-out reserves by investing in minesite exploration 

strategies. Error! Reference source not found. outlines the results of the annual gold production 

correlation analysis. The number of paired data for the gold production correlation coefficient was 

twenty-three. The study period was from 1997 to 2019. The null hypothesis (H0) for annual gold 

production correlation coefficients was: 

𝐻0: rs = 0: Gold production does not affect gold exploration budgets. 

To accept the null hypothesis, the t-test value must be less than the critical value for N = 23 for 

∝ =0.05, which is 2.069. The z-test value must be less than 1.960 for ∝ =0.05. The alternative hypothesis 

(H1) was: 

𝐻1: rs ≠ 0: gold production affects gold exploration budgets. 

To accept the alternative hypothesis, the t-test and z-test must be greater than 2.069 and 1.960, 

respectively. The p values for the Spearman and Kendall rank correlation coefficient must be less 

than 0.05 for the correlation to be significant. 

Table 4. Annual gold production correlation analysis results. 

Exploration 

Stage 
Country 

 Spearman correlation 

analysis 
Kendall correlation analysis 

  Rho 
t-

test 

p-

value 
Tau z-test p-value 

Grassroots 

South Africa -0.38 1.86 0.08 -0.25 -1.66 0.10 

Ghana 0.24 1.11 0.28 0.16 1.08 0.28 

Mexico 0.85 7.51 0.00 0.67 4.46 0.00 

Russia 0.47 2.46 0.02 0.3 2.03 0.04 

Late stage 

and 

feasibility  

South Africa -0.31 1.48 0.15 -0.19 -1.29 0.2 

Ghana 0.64 3.81 0.00 0.42 2.77 0.01 

Mexico 0.84 7.12 0.00 0.65 4.36 0.00 

Russia 0.70 4.49 0.00 0.51 3.41 0.00 

Minesite 

South Africa -0.50 2.61 0.02 -0.33 -2.19 0.03 

Ghana 0.79 5.93 0.00 0.60 3.99 0.00 

Mexico 0.87 8.15 0.00 0.69 4.62 0.00 

Russia 0.88 8.51 0.00 0.71 4.73 0.00 

3.5. Annual Gold Production Correlations Discussions 

The objective of the annual production correlational analysis was to evaluate if the South African 

gold mining industry was using a percentage of its output to replace depleted reserves by investing 

in exploration. All correlation coefficients were positive, except for South Africa, which had a 

negative coefficient for both the Spearman and Kendall rank correlation coefficients (Error! Reference 

source not found.). Both the South African and Ghanaian grassroots coefficients failed to reject the 

null hypothesis and failed the significance test. The Mexican and Russian grassroots exploration 

budgets were positively correlated to annual gold production. The results indicated that, in terms of 

grassroots exploration budgets: Ghanaian and South African budgets were not associated with gold 

production; Russian budgets were weakly associated with gold production; and Mexican budgets 

were strongly associated with gold production.  
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The South African late-stage and feasibility coefficients failed to reject the null hypothesis and 

the significance test. South African late-stage and feasibility budgets were not associated with gold 

production. Ghana, Russia, and Mexico’s late-stage and feasibility budgets positively correlated with 

gold production. Error! Reference source not found. shows that South Africa's late-stage and 

feasibility budget had a positive trend against the declining annual production. This explained the 

unsuccessful correlation. 

 

Figure 5. South African grassroots, late-stage and feasibility exploration budgets and production. 

The minesite correlation coefficients for all four countries passed the significance test and 

rejected the null hypothesis. The coefficients for Ghana, Mexico and Russia were strong to very strong 

positive correlations while the South African coefficients were weak to moderate negative correlation. 

Error! Reference source not found. shows that the South African minesite exploration budget 

declined from 2012 to 2015, but the overall trend showed a steady rise. The gold production trend 

declined significantly from 1997 to 2019. 
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Figure 6. A graph showing South African gold production and minesite exploration budgets. 

3.6. Summary of Findings 

The inflow of investment into the grassroots exploration stage depends on the geological 

potential and changes in the investment climate [13,14]. The grassroots exploration stage is more 

responsive to changes in the investment climate because grassroots exploration takes a longer period 

to deliver a profitable mine. Changes in the investment climate during the exploration project phase 

can have a negative impact on the project’s economics, leading to a loss of investment. In more stable 

countries, such as Russia and Mexico, companies do not have to worry about changes in the 

investment climate. Grassroots exploration spending is an opportunity to increase the mineral 

resources and reserves base and increase the size of their export market. Poor countries such as South 

Africa and Ghana still battle the effects of colonisation and unstable political, financial and economic 

policies. South Africa’s backlog of prospecting rights, mining permits, and mining rights applications 

serves as an example.  

Late-stage and feasibility exploration budgets indicate the rate at which exploration results are 

converted to mineral resources and reserves. For a country such as South Africa, where the gold price 

and output have little to no impact on grassroots and minesite budgets, it would be expected that the 

late-stage and feasibility coefficients would be weak. Ghana, on the other hand, showed a moderate 

to stronger late-stage and feasibility correlation because of the stronger correlations at the minesite 

stage. 

The primary goal of minesite exploration is to generate additional proven reserves and to ensure 

that mining companies minimise costs by ensuring that deposits with the lowest production costs are 

exploited at the earliest time [15]. South African correlation coefficients suggested that demand-side 

factors influencing gold price and production had an asymmetrical relationship with the exploration 

in South Africa. The grassroots, and late-stage and feasibility budgets were not associated with gold 

price and annual production. Gold price had a weak positive effect on the minesite exploration 

budget. The decline in annual production did not hinder minesite exploration budgets. 

4. Conclusions 
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This research aimed to evaluate the effect of gold price and production on the exploration 

budgets of the South African gold mining industry. The independent variables were gold price and 

annual gold production. The dependent variables were grassroots, late-stage and feasibility, and 

minesite exploration budgets. The correlation results were compared with other major developing 

gold-producing countries such as Ghana, Mexico and Russia. The research found that South African 

grassroots, late-stage, and feasibility exploration budgets were unrelated to the gold price and annual 

gold production. Minesite exploration budgets correlated positively with the gold price and 

correlated negatively with the decline in production. Ghana’s grassroots exploration budgets were 

also not correlated to the gold price and annual production. However, the Ghanaian minesite 

correlations were moderate to strong, which indicates that most mining companies are using minesite 

exploration to replace their resource/reserve profile. 

South Africa urgently requires exploration investment to acquire new deposits, develop its 

mining industry and reform its socioeconomic conditions. The investment climate is a major deterrent 

to grassroots, late-stage and feasibility exploration investments. The value created from the gold price 

is not enough to pull an inflow of exploration investment, while the decline in production has 

worsened the situation.  

The South African DMRE has published a strategy document titled "The Exploration Strategy 

for the Mining Industry of South Africa 2022". The objective of the strategy is to foster a mineral 

exploration and development initiative led by the South African Council of Geoscience that will 

increase the country's share of global exploration expenditure to 5% by 2025 [16]. The strategy will 

boost the country’s geological potential. However, South Africa must address issues that affect its 

exploration investment climate. 

Funding: This research received no external funding. 
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