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Abstract

In this paper, we analyze theoretically and empirically the effects of tax changes on firms’profits
in extractive industries. In the theoretical part, we assume a country that levies a profit tax and
a royalty on the profits of extractive firms to maximize its tax revenues. The mining companies
may reduce their taxable income by cost manipulation. By analyzing the optimal choice of the
government and of the firms, we first establish the optimal tax policy and then we investigate the
impact of the optimal fiscal policy on firms’profits.
In the empirical part of the paper, we estimate the effect of the profit tax and royalty on the

extracting firms’profit in African countries during the period spanning from 2007 to 2018. We
use the Mining Intelligence database to constitute a panel of annual individual data on 363 gold
mines located in 21 Sub-Saharan countries. We obtain an inverse relationship between the tax
rate change of the two tax instruments and the profit of the firms.

Keywords: Resource countries, Resource taxation, Royalties, Cost misreporting, Extractive in-
dustries.
JEL Classification: H25, H32, O13



1 Introduction

Developing countries endowed with natural, non-renewable, resources are financially dependent on

extractive industries and therefore they are in crucial need for optimal taxation policies. Several

initiatives were taken in African countries including Côte d’Ivoire, Ghana, Zambia to redesign the

mining tax regimes to improve the corresponding tax receipts. To what extent do such changes

in taxation affect the declared profit of mining firms? The purpose of this paper is to address

this question in low-income countries where governments have severe informational disadvantages

vis-à-vis resource extraction companies (Collier 2010). In the empirical part of the paper, we focus

the analysis on sub-Saharan African countries using quite a novel database.

The distinctive features of extractive industries are fixed supply, collective ownership of re-

sources and often information asymmetry between the tax authority and the firms and several

types of taxations.1 Previous research on extractive resource suggests the use of two taxation

instruments, i.e. profit taxes and royalties (IMF, 2012). Profit taxes are standard corporate taxes

that apply to any enterprise and whose rate can be specific for extractive industries. Royalties

are typical tax instruments applied in mining industries and they are levied only the firms’sales

revenues. They shall be considered as a payment granting the firm with the right to exploit a

non-renewable resource. On the one side, royalties play an important role as means of revenue

mobilization for developing extractive countries. On the other, royalties are often blamed to be

distortionary because they only apply to the sales and do not take into account the cost of ex-

ploration, development and extraction. In this research, we explore how profit taxes and royalties

affect firms’declared profits when both tax measures are susceptible to information asymmetries

between tax authorities and firms. To do so, we analyze theoretically and empirically the effects

of tax changes on firms’profits in extractive industries.

In the theoretical part, we assume a country that levies a profit tax and a royalty on the profits

of extractive firms to maximize its tax revenues. While it is usually easy to show the distortive

1Since the pioneering work of Hotelling (1931) and Brown (1948), an abundant literature on taxation engineering
has been developed to model the effects of various taxes on extractive resources (cf. the survey by Smith 2013).



character of an ad-valorem tax levied directly on the extraction of the resource (the royalty), the

analysis becomes more intricate, when considering a context of asymmetric information between

mining companies and government. In this context, we consider the possibility for the mining

company to reduce its taxable income by cost overstatement. We assume that the rate of cost

overstatement does not depend on the firm but it is rather a feature of the mining country such as

the country’s lack of expertise or the level of corruption. The higher the level of corruption or the

weaker the audit on mining industries, the greater the rate of cost overstatement in that country.

By analyzing the optimal choice of the government and of the firm, we first establish the optimal

tax policy, and then, we investigate the impact of the optimal royalty and profit tax rate on the

profit of the firms.

In the empirical part of the paper, we estimate the effect of a change in profit tax and royalty

on the declared profits of extracting firms in African countries during the period spanning from

2007 to 2017. We use the Mining Intelligence database to constitute a panel of annual individual

data on 363 gold mines located in 21 Sub-Saharan countries. Working at the mine level limits

the availability of accounting information (usually only reported at the firm level) but enables us

to consider the production conditions of each extractive site. Our dependent variable is a proxy

of the declared profit for each mine. The total cash cost represents the main variable affecting

the tax base, the realized price being the same for all producers. The changes in profit tax rate

and royalty rate are our explanatory variables of interest. In all estimations, we obtain an inverse

relationship between the tax rate change of our two tax instruments and the firm tax base. These

results are robust to the introduction of various control variables and interaction terms. Finally,

taking into account the multinational nature of most mining companies, we investigate whether

the profit in a mine is sensitive to the change of the tax in other countries where the parenting

mining company has branches. We find no evidence of such a link in group-related mines.

This research contributes to the applied literature on extractive resource taxation in countries

where the asymmetry of information between governments and mining firms is very high. We are

the first to provide an empirical study using microdata in extractive industries. The scarce related

2



studies usually rely on firm level accounting data (as opposed to the more disaggregate mine level

data that we adopt here) in OECD countries (Kawano and Slemrod 2016 ; Dwenger and Steiner

2012 ; Gruber and Rauh 2007).

The structure of the paper is as follows. Section 2 sets out the model. The empirical analysis

is presented in Section 3 and some conclusive remarks are provided in Section 4.

2 The model

Consider a two-period model and n resource firms each exploiting a mine. The extracted mineral,

say gold, is traded in a competitive global market at a price p.2 For simplicity, all firms share the

same production function. More specifically, in the first period, the technology of the each firm

is composed by a fixed cash labor cost of exploration and development fi and an initial capital

investment Ki. In the second period, each firm faces only extraction costs. Hence, each resource

firm generates a quantity of final processed gold q(Ki) with certainty at the end of the second

period. The corresponding extractive costs for each firm are given by C [q(Ki)] , ∂C [q(Ki)] /∂Ki >

0; ∂2C [q(Ki)] /∂
2Ki > 0.

Under competitive and effi cient global credit markets, each resource firm can borrow and lend

at a competitive risk-free interest rate r which constitutes its discount rate factor for future period

profits.

The government of the country hosting the n mines imposes an ad valorem royalty at rate θ

on the revenues and a profit tax τ on reported profits. The tax authority relies on self-reporting

by the firms in order to establish its tax liabilities, putting each firm at a significant informational

advantage compared to the tax authority.

The key assumption of the model is that the resource firms may overstate production costs by

multiplying these costs by a factor β that exceeds one. The tax authority is unable to know the

nature of the cost of the firm, hence it is unable to determine whether the factor β is due to cost

2The price-taking behavior of the extractive firm in the market for the resource is documented in O’Connor et
al. 2016.
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overstatement or it is part of the production costs of the firms. This is due either because of lack

of expertise or because of corruption. The rate of overstatement β is a feature of the country and

thus it is used by all mining firms located in the country.

The governments is risk-neutral and it is able to commit to the tax policy they announce before

location takes place. This time consistency of the tax policy may be guaranteed by international

contracts law.

The objective function of the government intervention is to raise tax revenues. Each firm

maximizes her real profit to fix the amount of capital to invest. To obtain closed form solutions,

in line with the existing literature (Boadway and Keen 2010 and 2015), we assume that the final

transformation process is a linear function q(Ki) = αKi whereas extractive costs are, for simplicity,

quadratic C(q(Ki)) = 1
2

[
1
α
q(Ki)

]2
with α being an effi ciency parameter. We assume α > 1 + r :

the productivity of the transformation technology pays more than the intertemporal investment

of a unit of capital.

Given the tax policy (τ , θ), each firm maximizes the following profit function:

Πi(θ, τ) = (1− τ)

(
−Ki − fi +

(1− θ)αKi − 1
2
K2
i

1 + r

)
, i = 1, ..., n (1)

where the extraction costs is C(q(K)) = 1
2

[
1
α
q(Ki)

]2
= 1

2
K2
i .

Being concavity conditions satisfied, each firm makes the same capital investment K(θ) given

by:

K(θ) = α (1− θ)− r − 1 > 0 (2)

The government decides the tax policy mix (τ , θ) anticipating the choice of the firms.

We assume that the government maximizes the amount of tax revenues R(τ , θ) taking into

account the real initial investments by each firm K(θ) and the declared profits under conditions

of asymmetric information:

R(τ , θ) =
n

1 + r

{
θ [αK(θ)] +τ

[
(1− θ)αK(θ)− β

1

2
[K(θ)]2

]}
Due to cost overstatement the declared total extraction costs appearing in the tax revenue function
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are multiplied by the factor β. We check that concavity conditions are satisfied with respect to

the royalty while the decision of the profit tax is a corner solution. Being ∂R(τ , θ)/∂θ > 0, the

optimal profit tax is the maximum possible rate. Name τ̄ the maximum rate that the government

can fix as profit tax.3

The optimal policy mix is as follows:

θ∗ =
(1 + r − 2α + β (α− 1− r)) τ̄ + (α− 1− r)

α (2 (1− τ̄) + βτ̄)
(3)

τ ∗ = τ̄ (4)

Positivity of the optimal royalty is guaranteed under the condition that

α > (r + 1)
1− τ̄ (1− β)

1 + τ̄ (β − 2)
. (5)

A close inspection of the optimal tax policy shows that in presence of cost overstatement, a

revenue-maximizing government selects the highest possible profit tax and the lowest royalty.

This property is reminiscent of well-known results in the existing literature on optimal taxation.

Royalties bring distortive effects on tax revenues because they increase the burden of taxation

on firm revenues while neglecting the firm’s costs. The optimal tax policy that alleviates this

distortion will privilege high-profit taxes while reducing royalties as much as possible. We confirm

the same result in presence of cost overstatement.

Comparative statics on optimal royalty yields

∂θ∗

∂β
= τ̄

α− (1− τ̄) (1 + r)

α (−2τ̄ + βτ̄ + 2)2 > 0,

The intuition of this relationship is as follows. An increase of the overstatement coeffi cient β

implies that firms declare a smaller profit because they amplify more aggressively the declared

extraction costs. This necessarily translates into smaller tax receipts deriving from the profit tax.

As a consequence, the government increases the royalty over firms’revenues to compensate for the

negative effect of amplified extraction costs. Differently said, our setting suggests that countries

3We remain agnostic about the level of such a tax τ̄ , but one can imagine that the government fixes the profit
tax in a larger fiscal policy concerning the whole economy and beyond the mining sector.
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suffering from lack of expertise in mining industries or they have a high level of corruption (high

β) will have higher royalty rates.

To discern the relationship between the royalty and the profit tax, we explore the sign of

∂θ∗/∂τ̄ . If β > 2α/ (α− r − 1) then ∂θ∗/∂τ̄ > 0, otherwise, ∂θ∗/∂τ̄ < 0. When β is very high,

the two tax instruments are complements: the higher the profit tax, the higher the royalty. By

contrast, when β is small, the tax instruments are substitute: the higher the profit tax, the lower

the royalty. When overstatement is large, governments optimally select tax instruments that are

complements to offset the large loss in tax revenues. More specifically, with high β, the government

observes very large declared extraction costs and very reduced declared profits. Accordingly, to

optimally collect tax revenues, the government increases the royalty rate on perfectly observable

firm’s revenues as well as the profit tax rate on profits, leading to a positive relationship between

the two tax instruments. By contrast, when β remains low, an increase of the profit tax leads to a

decrease of the royalty, recovering a classical result in public policy. In this case, the government

is careful not to discourage the investment of the mining firm through high taxes. We believe that

a reasonable assumption about the range of values for the coeffi cient of overstatement is that β

does not exceed two. Hence, for 1 ≤ β < 2, the inequality β < 2α/ (α− r − 1) is always satisfied,

leading to a negative relationship between the profit tax and the royalty.

Summarizing the properties of the optimal royalty, we have

Lemma 1. The optimal royalty increases with the coeffi cient of overstatement but decreases

with the optimal profit tax.

Lemma 1 suggests that in a developing country hosting mines and whose government maximizes

tax revenues, two forces exist that have opposing effects on royalties. The profit tax exerts a

negative pressure on royalties, whereas the rate of cost misreporting pushes royalties up. This

implies that different countries may have very different royalty rates due to either different profit

taxes or different levels of cost overstatement.

Using the optimal tax policy (τ̄ , θ∗), the optimal capital investment by each firm obtains as
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K∗ =
α− (1− τ̄) (1 + r)

2 (1− τ̄) + βτ̄

Comparative statics on capital invested yield ∂K∗/∂β < 0; and furthermore ∂K∗/∂τ̄ > 0 for

β < 2. Hence,

Lemma 2. The optimal level of invested capital depends negatively on the coeffi cient of over-

statement but positively on the profit tax.

The positive relationship between the invested capital and the profit tax is surprising. To

grasp the intuition of this result, we must recall that the invested capital is a negative function of

the royalty as shown in equation (2). In turn, the royalty decreases with the profit tax rate as

shown in Lemma 1. Hence, a higher profit tax implies lower royalties, which ultimately leads to

an increase in the invested capital. Quite on the contrary, a higher β, implies higher royalty, and

therefore by equation (2), lower invested capital.

Finally, we can evaluate the real profit of each firm at the optimal taxes:

Π
∗

i =
(1− τ̄)

2 (1 + r)

(α− r − 1 + τ̄ (1 + r))2

(2− τ̄ (2− β))2 − fi > 0, i = 1, ..., n

which is positive for relatively low levels of the exploration cost.

We can now investigate the relationship between the profit of the firms and the tax rates.

Starting with the effect of the profit tax, we prove that the derivative ∂Π
∗
i /∂τ̄ can take a positive

or a negative value depending on the size of the overstatement coeffi cient. Let us define β̃

β̃ =
2 (1− τ) (τ (1 + r)− 1− r − α)

((α− r − 1) (−2 + τ)− τ 2 (r + 1))

We show that

Proposition 1 The profit of the firm depends positively on the profit tax iff β < β̃ and negatively

iff β > β̃.

7



Proof. By taking the partial derivative ∂Π∗

∂τ̄
we check that the sign of this derivative is the sign of

the expression ∆ = ((α− r − 1) (−2 + τ)− τ 2 (r + 1)) β + 2 (1− τ) (1 + r + α− τ (1 + r)) . The

coeffi cient multiplying β in this expression ∆, namely (α− r − 1) (−2 + τ)− τ 2 (r + 1) is negative

due to condition 5 and due to τ < 1. It follows that ∆ ≷ 0 iff β ≶ β̃.

The intuition behind Proposition 1 lays on the fact that the profit tax rate has a negative direct

effect on profit and an indirect effect with opposite sign. We know from Lemma 1 that ∂θ∗

∂τ̄
< 0.

Then, a change of profit tax, say a decrease, affects positively profits through a direct effect. By

contrast, a decrease in profit tax increases the royalty θ∗ which in turn affects negatively firms’

profit. Proposition 1 shows that the direct effect offsets the indirect effect as long as the coeffi cient

β does not exceed the threshold β̃. In this interval of values, the profit tax affects negatively profits.

Beyond β̃, the indirect effect dominates the direct, leading to a positive relationship between the

profit tax and profit.

As far as it concerns the effect of a change in royalties on the profit of the firms, we shall

proceed by first reminding that the effect of royalties must be measured indirectly by considering

the effect of the overstatement coeffi cient on royalties, which affects the profit of the firms.

Proposition 2 An increase of the overstatement coeffi cient that increases the optimal royalty θ∗

has detrimental effects on firms’profits.

Proof. Simply taking the partial derivative ∂Π∗

∂β
= −τ (1− τ) (−r+α+τ+rτ−1)2

(r+1)(−2τ+βτ+2)3
< 0.

The mechanism is as follows. A change of the overstatement coeffi cient induces the government

to raise royalties in order to offset the negative impact of amplified declared costs. The higher

royalty affects negatively the optimal invested capital in the first period and the optimal level of

output extracted in the second period ultimately decreasing the profit for each firm.

Notice importantly that results in Proposition 1 and 2 hold for both the real and the declared

profits.

Finally, it is interesting to know the total effect on profits of a change in both the profit tax

and the royalty. This is particularly important for the empirical investigation in Section (3) where
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we also check the impact on firms declared profits of a decrease in profit taxes and an increase in

royalties. To do so, we evaluate the sign of the total derivative of the profit function ∂Π∗

∂τ
dτ̄+ ∂Π∗

∂β
dβ

with respect to the profit tax τ̄ and the royalty (measured by the change in the overstatement

coeffi cient β). The sign of the total derivative is the sign of the following expression

dτ̄

dβ
= 2τ (1− τ)

α + τ + rτ − 1− r

((α− r − 1) (−2 + τ)− τ 2 (r + 1)) β − 2 (1− τ) (τ (1 + r)− 1− r − α)

It follows that a decrease of the profit tax and an increase of the royalty affects negatively (resp.

positively) the profit of the firms iff dτ̄
dβ
< 0 (resp. dτ̄

dβ
> 0). Investigating the sign of dτ̄

dβ
we find

the following result:

Proposition 3 A decrease of the profit tax and an increase of the royalty affect positively the

profit of the firms iff β > β̃ and negatively otherwise.

Proof. The sign of dτ̄
dβ
depends only on the sign of the expression in the denominator because

α + τ + rτ − 1 − r > 0 due to condition (5). The expression of the denominator is exactly the

same as the expression of ∆ in proof of Proposition 1. Hence ∆ ≷ 0 iff β ≶ β̃.

Proposition 3 suggest two relevant properties. First, the same reform of the mining code that

encompasses a change in the profit tax as well as in the royalty rate may cause a very different

effect in different countries who show different levels of β. This guaranties variability in the effect of

tax reforms in the mining countries. Second, Proposition 3 defines the dominant role of the profit

tax change over the royalty change on the profit of the firm when β > β̃. Indeed, using Proposition

2, we know that in this interval of values, a decrease of profit tax leads to higher profits. The

increase of the royalty decreases the profit, but this effect is dominated by the decrease of the

profit tax rate.

In the empirical part, we will test our theoretical priors on the effect of a policy change in

profit taxes, in royalties, or of both on the profit function of extractive firms.
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3 Empirical Analysis

3.1 Data and specification

Our theoretical prior (Proposition 1, 2, 3) is that under certain conditions, (declared) profits will

move in the opposite direction of tax rates and royalties. In particular, the profit tax rate will

have a negative direct effect on profit and an indirect one whose sign will depend on the interplay

between royalties and corporate tax rates. Regarding the royalties rate, its expected effect on

profit is negative (Proposition 2).

Following these theoretical predictions, our empirical specification is:

Πi,c,t = f
(

[τ , θ]c,t , Xi,c,t, Zc,t

)
where Πi,c,t is the (declared) profit; [τ , θ] are the profit and royalties rates, X and Z are mine resp.

country specific variables, and indices i, c and t stand for mine, country and year.

The level of observation that we rely upon will be the mine level. Unlike mining companies

which may be active across several countries, mine sites are clearly localized within a country

or territory, allowing us to relate mines to national tax policies. On top of that, it allows us to

control for a number of physical characteristics of mines, which contribute to the explanation of

their profitability. From an econometric point of view, relying on disaggregate rather than macro

data eliminates the potential reverse causality issue between the tax base and tax rates.

All mining related data stems from the Mining Intelligence Database, which is a private data

supplier in the mining sector, mainly for private and institutional customers. The database doc-

uments 14000 mining companies, corresponding to 35000 mines; it entails information on stake-

holders, mine physical characteristics, production, accounting information, the macroeconomic

context among others. For our purpose, we extracted total cash costs and realized prices to obtain

a proxy of profits for every mine site.4 Furthermore, production conditions and physical covariates

of mines have been exploited.

4Using mine level data reduces the availability of accounting information (available only at the company level)
amongst other declared profits.
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Tax regime data stems from the Mining Tax Database for Africa, initiated and developed by

Laporte et al. (2015), and updated in 2018, and extended temporally and geographically by the

authors of this study. This tax and legal database specifies the tax regime applied to industrial

gold mining companies in 21 African countries from the 1980s to 2016, and links each piece of tax

information and its legal source. It provides information on the evolution, and allows to compare

the gold mining tax systems of different African countries.

In our specification, we also control for macroeconomic factors as well as perception indica-

tors, information on which has been extracted from the World Development Indicators. More

precisely, we use the Regulatory quality and the Political Stability indicators. Despite of being

usually considered as poor regressors, these indicators are the best available measure for the cost

overstatement of mining firms. As explained in Section 3, our theoretical prior is that the quality

of the governmental regulation or the political stability of a country determine ultimately how

easy it is to misreport the extraction costs when declaring profits for tax purposes. The lower the

quality of regulations or the higher political instability, the easier for a firm to amplify its costs

with the purpose of decreasing her taxable profit.

The time span for every mine can of course be different, and not every mine does provide

information on the variables of interest. As a result, we end up with an unbalanced panel dataset,

which in its maximal extension, covers 18 years (2001-2018) and 13 countries (corresponding to

113 mines and 836 observations).
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Figure 1: Evolution of taxes and royalties

Figure 1 provides a visual synthesis on mine data availability and variation in tax instruments.

Dots represent gold mines in Africa (i.e. our data entails geographic coordinates of every mine

complex), which appear in the tax database (i.e. corresponding countries are shaded). Countries

hatched with increasing lines refer to situations in which there has been at least one increase in

royalties during the period under scrutiny, while downward sloping hatches refer to cases where

corporate taxes have decreased at least once. Hatched countries will hence be the treated countries

on which we will rely for the identification of the impact of tax regime on profitability, while the

remaining countries are our control group. While two thirds of our country sample do highlight

a change in the tax regime, some countries only have changes in the tax or royalties rates, while

others do highlight changes in both tax instruments. Interestingly however, not only did average

profit tax rates decrease and average royalties rates increase through time (as can be grasped from

12



Fig.2), this is also true for every country taken individually.

Figure 2: Evolution of taxes and royalties

Table 1 displays descriptive statistics of our variables of interest. We can notice a substantial

variation of tax and royalties rates across countries and years. The same is true for mine sites,

proxied by the production volumes. The cash cost indicator allows us to compute profits, and is

the parameter through which firms adjust their profits according to tax policy changes. There

are two physical characteristics of mines that may also influence profitability, and for which we

will control in our regressions: the average grade of ore deposits and the estimated reserves of the

mines. Lastly, the gold price has been steadily increasing during the period under scrutiny.
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Descriptive statistics
Observations Mean Std. dev. Min. Max.

Tax rate (%) 686 27.0 5.1 15 37.5
Royalties rate (%) 686 4.0 0.8 3 8.8
Prod. (103 troy ounces) 686 196489.5 220808.8 538 1854200
Profit (USD/ozt) 686 504.3 248.0 2.6 1277.3
Gold price(USD/ozt) 686 1270.7 247.3 696.4 1668.9
Grade (g/t) 630 4.45 3.76 .25 18.01
Reserves (t) 630 6.31·107 1.30·108 2.50·105 1.07·109

Cash cost (USD/ozt) 686 766.4 249.5 148.7 1613.3

Table 1: Descriptive statistics

In Table 2, average figures by country are displayed. We notice that a large majority of mines

are located in South Africa, Burkina Faso, Ghana and Zimbabwe, while the remaining ones are

distributed across 9 countries.

Descriptive statistics (by country)
# mines Profit Production Cash cost Reserves Grade Tax rate Royalties rate Political

Stability
Regulatory

Quality(USD/ozt) (103 ozt) (USD/ozt) (t) (g/t) (%) (%)
Botswana 1 314.93 31305.29 1054.893 727000 1.29 22.00 5.00 1.05 0.53
Burkina Faso 10 698.6591 179236.8 658.4418 50207022.73 1.71 17.56 3.93 0.69 0.28
Dem. Rep. of Congo 3 573.3333 318390.7 679.5 88471111.11 2.18 30.00 2.50 / /
Ghana 11 533.1265 299432.8 642.7384 73260804.12 2.41 30.88 5.20 0.02 0.00
Guinea 3 450.6365 208108.4 628.7261 89533829.63 1.40 33.15 5.00 1.32 1.03
Ivory Coast 4 606.3466 142662.9 632.0145 35533000 2.00 25.17 3.69 1.15 0.60
Mali 9 468.1582 198086.1 735.7081 35499389.61 3.06 29.36 3.85 1.23 0.50
Namibia 1 542.3609 75642.86 441.9668 75030000 1.31 37.50 5.00 0.98 0.08
Niger 1 489.7039 62225 588.5816 4937400 1.23 33.81 8.34 0.91 0.51
Senegal 1 736.866 199583.3 632.9568 65442000 1.74 28.57 3.18 0.15 0.14
South Africa 53 379.6224 198212.6 819.2902 68971233.87 6.60 28.26 3.75 0.09 0.34
Tanzania 7 598.2781 243569 609.4764 12592115.92 3.84 30.00 3.70 0.25 0.42
Zimbabwe 11 555.462 108247.1 714.0409 110059238 3.72 15.40 3.92 0.75 1.81

Table 2: Descriptive statistics by country

3.2 Econometric results

In Tables 3 and 4, we display results related to results in Proposition 1, 2 and 3 relying on OLS

resp. FE estimators. In Table 3, all regressions control for country-specific, time-invariant effects,
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OLS regressions
Dep. Var : mine level profit

(1) (2) (3) (4)
Log(production) 40.43*** 24.08*** 19.70** 18.05**

(7.361) (7.785) (8.143) (8.092)
Tax 103.5*** 106.9*** 104.1*** 130.7***

(30.03) (29.35) (29.37) (30.20)
Royalties 83.72 1,354*** 1,300*** 1,365***

(51.22) (236.9) (241.6) (240.4)
Tax · Royalties 224.8*** 243.3*** 239.1*** 220.7***

(75.75) (74.09) (73.97) (73.57)
Royalties·Log(prod.) 107.2*** 102.8*** 106.7***

(19.53) (19.91) (19.78)
Reserves 1.50e07** 1.58e07**

(7.37e08) (7.31e08)
Grade 4.195 4.067

(2.913) (2.889)
Regulatory Quality 294.7***

(88.18)
Constant 293.0*** 479.1*** 515.1*** 632.8***

(105.4) (108.5) (110.7) (115.3)

Country FE yes yes yes yes
Observations 630 630 630 630
Nr. of mines 96 96 96 96
Rsquared 0.179 0.217 0.224 0.238

Note: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1

Figure 1: Table 3: Results (OLS)

as well as for the log of production (accounting for (dis)economies of scale). Column (1) serves

as the benchmark specification. We are specifically interested in the reaction of firms exploiting

the mining sites following changes in profit taxes and royalties. We therefore model these fiscal

policies as dummy variables, i.e. 0 to 1 in case of increase and 1 to 0 in case of decrease. Notice

that given the short period under scrutiny, in the overwhelming majority of the cases we only

had one fiscal policy change. When this was not the case, we selected chronologically the first

change. Furthermore, using dummies for policy changes allows us to circumvent the problem of

tax rebates, i.e. cases where firms pay lower rates than the offi cial rate. One may expect that

changes in offi cial rates, via domino effect, will translate in changes in the effective rates.

In this benchmark regression and in all other columns of Table 3, we also account for an

interaction term between profit taxes and royalties to check the effect of a change both in profit

taxes and royalties. Our results are in line with Proposition 3 which states that a joint change in

profit tax and royalties affects positively the profit conditional to the degree of cost overstatement
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exceeds threshold β̃.

The coeffi cient on taxes is negative and significant: a decrease in tax rates induces an increase

in the level of declared profits. This is in line with the result in Proposition 1 for a level of

overstatement coeffi cient that exceed β̃. The same is true for royalties rates, once we account for

the production channel through which royalties impact on profits (Column (2)). As highlighted

in equation (1), since royalties apply only to firms’revenues we expect production level to adjust

as a consequence of a royalty change. Column (3) displays results when accounting for physical

characteristics of mines, i.e. the ore grade and the estimated reserves. In accordance with intuition,

both coeffi cients have a positive sign, though the latter is marginally insignificant. Finally, in

the last column, we tentatively control for perception indicators of institutional quality. Our

theoretical model predicts that a decrease in overstatement coeffi cient, measured in the regressions

by the two perception indicators, leads to a decrease of royalties leading to an increase of capital

invested and firms’profit. Indeed, political stability and regulatory quality appears with positive

and statistically significant coeffi cients.

In Table 4, we have adopted a more restrictive specification, by adding mine fixed effects, which

will control for any mine specific, time invariant characteristic. Results do remain qualitatively

unchanged compared to the previous table, i.e. profit tax rates decreases induce an increase

in declared profits, while royalties increases tend to reduce these profits, once we account for

the interaction with production. Better institutions do contribute to higher profits, while the

adoption of mine specific fixed effects already takes account of any mine characteristic like grade

and reserves.

Lastly, we have added two more explanatory variables to our specification, taking into account

the multinational nature of most mining companies. The two variables Tax/Royalties foreign

branches referring to columns (4) and (5) indicate whether mine i is related to another mine in

a foreign country through the parent mining company, in which there has been a change in the

tax/royalties rates in year t. More specifically, in column (4), the variable "Tax foreign branches"

and "Royalties foreign branches" measure the proportion of countries where a parent mine is
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FE regressions
Dep. Var : mine level profit

(1) (2) (3) (4) (5)
Log(production) 66.10*** 47.96** 31.43* 28.76 25.53

(17.83) (18.71) (18.59) (18.63) (18.74)
Tax 96.18*** 99.68*** 144.7*** 139.4*** 134.8***

(27.27) (27.11) (27.94) (28.60) (28.46)
Royalties 141.3*** 1,189*** 1,331*** 1,353*** 1,412***

(47.35) (353.1) (346.7) (351.5) (356.9)
Tax · Royalties 327.6*** 310.2*** 291.7*** 287.5*** 286.5***

(70.45) (70.21) (68.80) (69.65) (69.14)
royalties·Log(prod.) 89.73*** 99.03*** 100.6*** 106.0***

(29.97) (29.38) (29.64) (30.10)
Regulatory Quality 431.0*** 456.7*** 463.0***

(83.92) (85.48) (85.60)
Tax foreign branches 24.81 14.28

(51.79) (51.35)
Royalties foreign branches 7.351 65.52

(72.71) (71.68)
Tax for. br.·Royalties for. br. 85.44 38.89

(89.11) (86.09)
Constant 231.4 19.12 227.8 253.5 278.0

(207.5) (217.9) (218.6) (219.1) (220.1)

Mine FE yes yes yes yes yes
Observations 686 686 686 686 686
Nr. of mines 108 108 108 108 108
Rsquared 0.069 0.084 0.124 0.130 0.132

Standard errors in parentheses ; *** p<0.01, ** p<0.05, * p<0.1

Figure 2: Table 4: Results (FE)
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located and where there has been a change tax/royalties rates, while column (5) defines a dummy

variable equal to one when at least one parent mine is located in a country where there has been a

tax/royalties change. As can be seen, no such effect can however be highlighted from our results.

4 Conclusion

In this paper, we explore theoretically and empirically how tax changes affect firms’profits in gold

mines in Africa. The main ingredient of our analysis is that governments have severe informational

disadvantages vis-à-vis resource extraction companies who may overstate their extraction costs to

decrease their declared profits. In a two-period model, we show how profit taxes and royalties affect

the amount of capital invested to exploit a mine and ultimately the corresponding profits. This

setting provides a better understanding of the effects and interactions of these two tax instruments.

Our main result illustrates the crucial role of cost overstatement: the profit of the firm may depend

positively or negatively on the profit tax depending on how severe is the rate of cost overstatement.

In the empirical analysis, we bring a novelty in the corresponding literature by using data at

the individual mine level that allows considering production variables. Our estimations document

a negative relationship between tax rate changes of the two instruments (profit tax and royalties)

and the profit of the mine. Finally, recognizing the multinational nature of mining companies we

investigate if the profit of a mine is sensitive to the tax change occurring in countries of sister-

mines, belonging to the same mining company. This appears not to be the case in gold mines for

the period under scrutiny.

From a tax policy point of view, these results underline the shortcomings of asymmetry of

information for declared profit and consequently for government revenues. Reinforcing expertise

of government in the mining sector appears to be a priority.

Several future research path can extend our work. Firstly, it will be interesting to analyze

the effect of tax changes in other developing countries where tax authorities may suffer from

the asymmetry of information on extraction costs. Secondly, it could be interesting to explore

more sophisticated forms of cost overstatement as suggested by Boadway and Keen (2015). This
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would imply deeper thinking of the corresponding empirical variables and it would depend on data

availability. Finally, it would be interesting to explore other mining sectors beyond gold to escape

any specificities of the market for this metal.
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