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Abstract

This study aims to analyze the risks inherent in the valuation of gold mining companies
through the lens of the Implied Cost of Capital (ICC) in an environment of sustained
high gold prices. Treating each gold mining company as a portfolio of multiple mines, we
construct a finite-horizon cash flow model using production volume, reserves, All-In
Sustaining Cost (AISC), and gold price as inputs, and derive the ICC from market prices.
The analysis reveals that companies with larger reserves, lower costs, and operations in
institutionally stable countries tend to exhibit lower ICC. In contrast, the ratio of non-
operating projects showed no statistically significant relationship. These findings suggest
that resource depletion, cost competitiveness, and the institutional and geopolitical risks

of host countries are priced into the cost of capital by the market.
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1. Introduction

Gold has historically served as a store of value, and its role has attracted increasing attention
in recent years. Since 2024, gold spot prices have traded at historically elevated levels,
surpassing USD 5,000 per troy ounce in 2026. This price surge is attributable to a
combination of factors, including concerns over the independence of the United States
Federal Reserve (FRB), rising geopolitical tensions, and the accumulation of gold reserves by
major central banks worldwide. In particular, the prolonged Russia-Ukraine conflict and the
destabilization of the Middle East have structurally elevated safe-haven demand for gold,
contributing to the persistence of high gold prices (Tsukamoto, 2025).

Against this background, the profitability and enterprise value of gold mining companies
have improved rapidly. While the widening spread between gold prices and mining costs
suggests an expansion of free cash flow, asymmetric operational risks—including political risk,
regulatory risk, and infrastructure-related risk—arise from the geographic distribution of each
company's mine portfolio. Quantifying how investors assess these risks and incorporate them
into required rates of return, or the implied cost of capital, represents a critical challenge in
contemporary capital markets.

In financial theory, a company's cost of capital represents the aggregated risk premium
demanded by market participants on future cash flows and lies at the core of corporate
valuation. However, estimating the cost of capital in the mining industry, and particularly in
gold mining, involves unique difficulties. First, mines have finite production lives, and the
treatment of terminal value upon resource exhaustion is complex. Second, the All-In
Sustaining Cost (AISC) varies substantially across firms, depending on geological conditions,
energy prices, and labor markets. Third, the political regime, legal framework, and safety
management of the host country directly affect enterprise value through expropriation risk
and the risk of regulatory change.

These challenges imply that conventional free cash flow models are insufficient for
capturing the finiteness of resources or the sensitivity of firm value to gold price movements.
Prior literature has employed models that value gold mining companies based on gold prices,
production volumes, reserves, and mining costs. Building on these inputs, we propose
conceptualizing a gold mining firm as a portfolio of its mine assets, equating the sum of the
values of all mines to enterprise value. This framework enables explicit estimation of the
implied cost of capital demanded by the market for individual mine values.

The Implied Cost of Capital (ICC) is an approach that derives the cost of capital by back-
calculating from the market price of equity and projected future earnings or cash flows. Its
strength lies in the ability to capture the risk premium that the market is pricing ex ante—

rather than ex post—thus reflecting forward-looking investor expectations.



Nevertheless, the existing ICC literature contains very few studies focused on the mining
industry, and on gold mining. Systematic attempts to compute the ICC by embedding the
industry-specific financial characteristics of gold mining firms — namely finite asset lives and
gold price sensitivity — into a cash flow model and then explaining ICC cross-sectionally using
risk attributes have been largely absent.

This study pursues two objectives.

First, we construct a cash flow model tailored to gold mining companies. Specifically,
Proven and Probable reserves, annual production volume, and AISC are employed as key
input variables to compute free cash flows over the Life of Mine (LOM). The ICC is derived
by equating the present value of the entire mine portfolio to the sum of market capitalization
and net debt.

Second, we empirically analyze the relationship between the estimated ICC and firm-level
risk attributes — specifically, the country of operation, cost level, certainty of reserves, and
the proportion of non-operating projects — to identify the determinants of the cost of capital
for gold mining companies.

From an academic perspective, gold mining companies are well-suited as a quasi-natural
experiment for identifying geopolitical risk premiums, given that they produce an identical
final output while operating in geographically dispersed locations around the world.

From a practical perspective, the study also offers considerable utility for investment
practice, as it provides an objective benchmark for assessing whether gold mining stock
valuations are at fair levels during a gold price rally.

The remainder of this paper is organized as follows. Section 2 describes the data and sample
companies. Section 3 explains the cash flow model specific to gold mining companies and the
methodology for computing ICC. Section 4 presents the estimation results for ICC. Section 5
analyzes the relationship between ICC and risk attributes. Section 6 reports the results of the

regression analysis, and Section 7 concludes.
2. Data Overview

2.1. Sample Companies

The sample consists of gold mining companies with primary listings on the Australia, Canada,
or United States exchanges, for which mining costs, production volumes, reserves, and
required financial data are available from the database. Figure 1 presents the number of

companies and the market capitalization of the sample firms.



Figure 1: Number of sample companies over time
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Among companies included in the database, Canada has the largest number of firms,
followed by Australia and the United States.
Figure 2 presents the median and interquartile range of the market capitalization of the
sample firms over time. In terms of market capitalization, United States-listed companies are
substantially larger, while Canadian and Australian companies exhibit similar distributions.

Market capitalization has been trending upward in line with the recent rise in gold prices.

Figure 2: Market capitalization over time
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2.2. Firm-Level Variable Data

Figure 3 illustrates the firm-level distributions of mining cost, production volume, and
reserves. Mining cost is proxied by the All-In Sustaining Cost (AISC), defined as the cost that

must be sustained over the long term to maintain the current level of production. AISC



primarily encompasses cash costs, corporate overhead, sustaining capital expenditures,
exploration expenses, and provisions for mine closure and environmental rehabilitation. Note
that development costs for new mines are excluded from AISC, which implies a potential
underestimation of total firm-level costs.

Reserves are measured using Proven and Probable estimates, representing the sum of the

two categories. The FactSet definitions for each category are as follows (FactSet, 2024, 2025).

Proven: A Proven Mineral Reserve is the economically mineable part of a Measured Mineral
Resource. A Proven Mineral Reserve implies a high degree of confidence in the Modifying
Factors.

Probable: A Probable Mineral Reserve is the economically mineable part of an indicated,
and in some circumstances, a Measured Mineral Resource. The confidence in the
Modifying Factors applying to a Probable Mineral Reserve is lower than that applying to a

Proven Mineral Reserve.

As shown in Figure 3, mining costs have increased alongside rising gold prices. The
primary drivers are cost inflation due to elevated materials and energy prices, compounded
by increasing development complexity as ore grades decline. This trend is also reflected in the
decline of gold production volumes and reserves. Additionally, as gold prices rise, previously
uneconomical low-grade mines begin operations, which in turn increases the resource input

required for mining.

Figure 3: AISC, production volume, and Proven and Probable reserves over time
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1e6 le7

12

1600 1.6

1.0

1400
124

o
@

! 1200

COST_ITEM_VALUE
RESERVE_VALUE

PRODUCTION_ITEM_VALUE
o
&

e
@

1000

o
kY

6. 02

%
% |

Y g PR o B B agv g gv g v AR g LA SR I Gl O
N A A WP SF S R N S« R I 1 PN < T Y S VI SR <4
U AR AT, A A ¢ A A § SR C A A A S A SO G R A N A
T R A BT A2 PT P B P LI A A A ) LN M A A . A A

PERIOD_END_DATE PERIOD_END_DATE PERIOD_END_DATE



3. Cash Flow Model

3.1. Model Specification

This section describes the cash flow model. As a fundamental premise, each gold mining
company is treated as a portfolio of mines — that is, the enterprise value is assumed to equal
the sum of the values of all mines held by the company. Under this assumption, the zero-

growth model is expressed by the following equation.

EV = T, H0C (1)

Here, V denotes the sum of market capitalization and net debt; Q denotes annual
production volume; P denotes the annual average gold spot price per troy ounce; C denotes
the annual mining cost per troy ounce; T denotes the remaining mine life, defined as reserves
divided by annual production; r denotes the cost of capital; and 7 denotes the effective tax
rate, set at 25% for Australia, 26.5% for Canada, and 30% for the United States. In this study,

the equation is rearranged to solve the cost of capital to derive the implied cost of capital.

()"
fr)=—== P(G—?)/(l—‘r) (2)

Figure 4 presents a graph classified by remaining mine life. Because the cash flow stream

is finite, the ICC does not have a simple closed-form solution in this setting. Given the
monotone decreasing nature of the objective function, the ICC is numerically solved using a
binary search algorithm. The initial bounds are set to 1 (upper) and - 0.99 (lower), with a

convergence criterion of the interval width falling below le-5.



Figure 4: Cost of capital and enterprise value-to-cash flow multiple
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4. Results: Implied Cost of Capital

4.1. Interpretation of the key analysis results

Figure 5 plots the EV/cash flow multiple (signed logarithm) on the vertical axis against
the computed ICC on the horizontal axis. The figure shows that when the enterprise value-
to-cash flow ratio is low or negative, the ICC often moves close to one. This happens because
cash flow becomes negative when the gold price falls below AISC. In reality, firms may
suspend operations or abandon projects in such cases. The current model does not include

these real options, and this is an important limitation.

Figure 5: Enterprise value-to-cash flow multiple (signed logarithmic scale)
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As illustrated in Figure 6, the time-series trend of the median ICC has been downward
since 2022, coinciding with rising gold prices. This suggests that the market has priced in
expectations of higher future cash flows, leading to a relative decline in the required rate of
return demanded by investors. At the same time, the interquartile range remains substantial,

confirming that considerable cross-sectional dispersion in the ICC across firms remains.

Figure 6: ICC over time (median and interquartile range)
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These results collectively demonstrate that the ICC is highly sensitive to gold price
dynamics and firm-specific fundamentals, although it is prone to instability in estimation
when cash flows turn negative. Consequently, the ICC is a useful indicator for summarizing
market expectations, but its interpretation must account for the underlying model

assumptions and limitations.

5. Risk Analysis

5.1. Risk Analysis Framework

This section analyzes the risk factors observable from the computed implied cost of
capital. As a reference, a survey on risks in the metals and mining sector is available (Ernst &
Young, 2025). That report collected quantitative data and qualitative commentary from 500
valid responses by senior leaders (directors, divisional and business unit heads, presidents,
etc.) of global metals and mining companies with revenues exceeding USD 1 billion. The
responses were aggregated and weighed to produce the "Top 10 Business Risks and
Opportunities Ranking for 2026." The results indicate that the top 10 risks and opportunities
facing the metals and mining sector in 2026 reflect a shift from the ESG-related long-term
risks that had dominated the rankings in prior years toward "short-term, operationally focused

challenges" driven by current geopolitical uncertainty.



This study quantitatively evaluates risks from four perspectives that are also highlighted
as important in that report—namely "cost increases and productivity,” "resource and reserve

depletion," "operating licenses," and "geopolitics"—and analyzes whether these risks are
contributing factors to increases in the implied cost of capital.

"Cost increases and productivity" refers to the risk that the unit cost of mining rises
structurally due to declining ore grades, deeper mining targets, and increasingly complex
geological conditions, while productivity improvements in labor, equipment, and capital
inputs fail to keep pace. In addition, rising energy and materials prices, increasing labor costs
due to tightening labor markets, and the maintenance and renewal costs of aging equipment
further drive-up production costs. This risk manifests an increase in AISC and is considered
to exert a direct influence on enterprise value and the cost of capital by heightening the
uncertainty of cash flows.

"Resource and reserve depletion” refers to the risk that the sustainability of future
production volumes and cash flows is impaired due to a shortening of the remaining mine life
at existing mines and a reduction in Proven and Probable reserves. As an inherently finite
resource industry, mining requires substantial long-term investment and extended lead time
to discover and develop new ore deposits. The uncertainty of exploration and the length of
development lead times therefore increase uncertainty about future firm value. Companies
with greater resource depletion risk face higher uncertainty regarding terminal value and may
consequently be required to pay a larger risk premium by the market.

"Operating licenses" refers to the risk of being unable to obtain or maintain the
government and regulatory approvals, environmental impact assessments, and social license
to operate from local communities that are necessary for mine development, operation, and
expansion. Strengthened environmental regulations, demands for the respect of indigenous
rights, and conflicts of interest with local residents may result in operational stoppages,
project delays, or additional environmental compliance costs. Because uncertainty
surrounding operating licenses directly affects the feasibility of projects themselves, it
represents a critically important non-financial risk for mining companies.

"Geopolitics" refers to the risks arising from the political systems, legal frameworks,
diplomatic relations, and security conditions of the countries and regions in which mines are
located. Concretely, this encompasses risks such as tax regime changes and royalty increases
driven by resource nationalism, foreign investment restrictions, nationalization risk, and
operational disruptions due to conflicts or sanctions. Because gold mining companies have
geographically dispersed operating bases, the level of geopolitical risk varies significantly
across firms even though they produce the same commodity. This asymmetry may constitute

a key driver of cross-sectional differences in the cost of capital.



To analyze whether these risks may be contributing factors to increases in the implied

cost of capital, the following regression equation is considered.

ICC; = By + BiReserve, + B, Cost, + [3IN_OECD, + 5, NonProduct, (3)

Here, Reserve, denotes reserves; Cost, denotes AISC; IN_OECD, denotes the proportion of
total projects conducted in OECD member countries (as of March 2024);

and NonProduct,; denotes the proportion of non-operating projects.

5.2. Projects

A project refers to the entire mine life cycle, from exploration through post-closure.
Figure 7 illustrates the number of operating projects per company for the sample firms. Most

companies have two or fewer projects, though some have more than ten operating projects.

Figure 7: Number of operating projects by company
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Figure 8 presents the country-level distribution of operating projects for the sample
companies. Since the sample is restricted to companies with primary listings on the Australia,
Canada, or United States exchanges, Australia and Canada account for a large share of the

country-level project count.



Figure 8: Number of operating projects by country
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6. Regression Results

Figure 9 presents the regression results at each evaluation date as bar charts of t-values.
In this study, the ICC at each evaluation date is used as the dependent variable, and regression
analysis is performed using the following explanatory variables: (i) the scale of mineral
resources and reserves, (ii) the level of mining costs, (iii) geopolitical and institutional
environment (proxied by indicators related to OECD membership), and (iv) the ratio of non-
operating (inactive) projects. The following discussion summarizes which factors are
systematically priced into ICC, based on the sign and statistical significance of the estimated

coefficients.

Figure 9: Regression results (t-values by evaluation date).
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First, reserves (Proven and Probable) are statistically significant with a negative
coefficient at multiple time points. That is, companies with larger reserves tend to exhibit
lower ICC. This finding is consistent with the mechanism whereby larger reserve bases

enhance the sustainability of future cash flows (i.e., extend the remaining mine life) and



relatively reduce the uncertainty associated with resource depletion and the shortening of
mine life, thereby lowering the risk premium demanded by investors. In other words, reserve
size is likely evaluated by the market as a risk indicator of "business continuity" for gold mining
companies.

Second, AISC is statistically significant with a positive coefficient at multiple time points.
This implies that companies with higher costs exhibit higher ICC, and conversely, companies
with lower costs exhibit lower ICC. An increase in AISC not only widens the downside risk to
cash flows through reduced profit margins, but also heightens sensitivity to exogenous factors
such as inflation, energy prices, materials prices, and ore grade deterioration. Accordingly,
cost levels are consistently priced in capital markets as a risk factor related to "productivity
and competitiveness."

Third, the variable for the share of OECD member countries is statistically significant at
certain time points, and the coefficient tends to take a negative value in many instances. Since
OECD member countries are generally regarded as having higher institutional stability in
terms of legal predictability, contract enforcement, governance, security, and capital flow
restrictions, this result is consistent with the hypothesis that differences in geopolitical and
institutional risk are reflected in ICC (required rate of return). That is, companies operating
in countries with better institutional environments may face lower risk premiums demanded
by investors.

Fourth, the proportion of non-operating (inactive) projects showed no statistically
significant relationship at any time point. This may be attributable to the fact that non-
operating projects are not uniformly "poor assets," but encompass a diverse range of
statuses—from the exploration stage to the development-ready stage—and thus incorporate
a mixture of positive aspects (i.e., growth optionality as future development potential) and
negative aspects (i.e., low feasibility due to permitting, financing, or technical constraints).
Consequently, the simple aggregate ratio of non-operating projects may fail to adequately
capture differences in real option value or development probability.

Taken together, the results suggest that, at least within this sample, (1) the depth of
reserves (lower depletion risk), (2) cost competitiveness (profit margin and downside risk),
and (3) the institutional stability of the host country (geopolitical and regulatory risk) are the
key factors explaining the cross-sectional variation in ICC. It should be noted, however, that
this analysis examines correlational relationships based on regression coefficients and does
not directly assert causality. In particular, omitted variables such as firm size, hedging policies,
financial leverage, ore grade, and the degree of geographic diversification may affect the
coefficient estimates; thus, the addition of control variables and robustness checks would be

desirable when interpreting the results.



Future analyses could more precisely identify the relationship between geopolitical and
institutional factors and ICC through (i) estimation with clustered standard errors at the
country and firm level, (ii) validation using continuous country-level risk indicators such as
the World Bank Governance Indicators in addition to the OECD dummy, and (iii) the

introduction of indicators that decompose non-operating projects by development stage.
7. Conclusion

This study constructed a valuation model targeting gold mining companies' mine assets
and conducted risk analysis based on the estimated ICC. The results demonstrate that
depletion risk, cost escalation risk, and host country stability risk are all observable from the
ICC of gold mining companies.

On the other hand, several limitations remain. The estimates in this study are based on
cross-sectional regressions, and the coefficients primarily capture correlational relationships.
If omitted variables such as firm size, financial leverage, hedging policies, ore grade, and the
degree of geographic diversification remain, the estimation results may be subject to bias.
Additionally, a model-specific constraint exists whereby ICC estimation tends to become
unstable when cash flows are negative. Future research should address these issues through
clustered standard errors at the country and firm level, validation using continuous country-
level risk indicators such as the World Bank Governance Indicators, and the development of
indicators that decompose non-operating projects by development stage, in order to more
precisely identify the relationship between institutional factors and ICC. In conclusion, this
study contributes to the advancement of understanding in gold mining company valuation. It
is expected that the findings obtained in this study will be further utilized both theoretically

and practically as research in this area progresses.
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