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Abstract 
This paper uses a general equilibrium assets-markets approach with arbitra-
geurs for valuing mineral resource deposit ownership. The results are con-
trasted with those delivered by a partial equilibrium approach. We show that 
in a general equilibrium assets-markets approach, arbitrageurs’ valuation of 
resource deposit rights commands a discount factor that adjusts not only for 
the time depreciation but also for changes in the resource stock size over time. 
A general equilibrium assets-markets approach with arbitrageurs leads to a 
more conservative management of exhaustible natural resources than a partial 
equilibrium approach does. 
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1. Introduction 

The main idea of this paper is to compare the implications of a general equili-
brium (assets markets) model approach with that of a partial equilibrium (flow 
markets) model approach in valuing exhaustible natural resources. 

A common approach used to address exhaustible resource problems is to rely 
on a partial equilibrium analysis. The given economy-wide interest rate is as-
sumed to be exogenous in partial equilibrium, which implies decisions to hold 
mineral rights ownerships are modeled in isolation to the other non-resource 
assets markets. It is a one-way relationship in the sense that decisions to hold 
exhaustible resource ownerships do not affect the exogenous rate of interest, 
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which is taken as given. In the [1] model, for instance, the rate of interest is tak-
en as given to the resource markets by all other agents in the economy. This sub-
tle assumption is rarely questioned. However, it is hard to believe that the inter-
est rate is moving independently of the resource markets [2] [3] [4]. Partial equi-
librium models may miss important interactions and feedbacks among various 
markets. The partial equilibrium approach tends to neglect the movement of 
factors of production across sectors. Therefore, there is no need to neglect a 
general equilibrium approach in which allocation of both mineral rights and 
ownership rights and conventional assets endogenously determine returns in 
capital markets. 

No asset market exists in isolation. When an asset price in the market 
changes, this could cause a change in other asset prices. Therefore, it is worth-
while having a broad understanding of the financial markets and how each asset 
can impact another in order to trade accurately1. The same arbitrageurs often 
invest across markets, and when returns change significantly in one asset mar-
ket, arbitrageurs should expect similar tendencies to be happening in other 
markets as well. If the economy’s capital stock is efficiently allocated, then all 
marginal returns on asset ownerships across sectors traded in capital markets 
should be equalized. The role of capital markets is to allow capital to flow freely 
to the activity that provides the highest net gain. A general equilibrium model 
with arbitrageurs allows an interaction among markets by enabling capital to be 
withdrawn from less profitable activities and reinvested to more profitable activ-
ities. 

In a general equilibrium model with arbitrageurs, there is more flexibility and 
interactions across all ownership rights in all sectors due to the speculative role 
of arbitrageurs in financial markets2. Wealth may be owned in form of mineral 
rights ownership (mines, oilfields etc.). For an arbitrageur operating in capital 
markets, mineral rights ownership represents physical assets which can be used 
by arbitrageurs for financial speculations3. When arbitrageurs have the desired 
mix of assets of various types in their portfolios, they are in a situation of portfo-
lio equilibrium. 

Our work can be related to the broad literature that contrasts general equili-
brium and partial equilibrium effects in analyzing economic decisions (see for 
instance [2] [3] [4] [8] [9] [10] [11]). For instance in the green paradox litera-
ture, [3] analyzes the impact of a future carbon tax on the negative externality 
generated by a fossil-fuel by using a trade model that accounts for resource 
windfalls, production and consumption. In their general equilibrium trade mod-
el setting, the future carbon tax changes factor prices and the interest rate. They 
found that, under certain circumstances, a general equilibrium might moderate 
or reinforce future carbon tax policy’s partial equilibrium effects. Their model, 

 

 

1This is also known as the knock-on effect. 
2See for instance the empirical paper by [5]. 
3It can be assumed that ownership of the firm’s capital stock is equivalent to ownership of the firm 
[6] [7]. 
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however, do not explicitly account for the exhaustibility character of the fos-
sil-fuel. Along the same lines, [9] shows that under plausible conditions a partial 
equilibrium model would overstate the magnitude of carbon leakage. [4] analyz-
es some empirical issues related to the estimates of the pollution haven effect in 
the trade and environment literature and argues that a partial equilibrium mod-
els may not carry over to a general equilibrium setting. In the public finance li-
terature, [8] shows that in a general equilibrium, a tax that shifts capital or labor 
out of any one jurisdiction will raise the supply of capital or labor to other juris-
dictions, lowering the return to capital or labor elsewhere. 

This paper uses a general equilibrium assets-markets approach with arbitra-
geurs for valuing mineral resource deposit ownership. The results are contrasted 
with those delivered by a partial equilibrium approach. We show that in a gener-
al equilibrium assets-markets approach, arbitrageurs’ valuation of resource de-
posit rights commands a discount factor that adjusts not only for the time de-
preciation but also for changes in the resource stock size over time. A general 
equilibrium assets-markets approach with arbitrageurs leads to a more conserv-
ative management of exhaustible natural resources than a partial equilibrium 
approach does. 

This paper proceeds as follows. In Section 2, we present the valuation of min-
eral resource deposit ownership in a general equilibrium model with arbitra-
geurs. In Section 3, we compare a general equilibrium model with the [1] partial 
equilibrium model. We discuss a sense in which the [1] rule can be interpreted 
as a myopic valuation from a general equilibrium perspective. In Section 4, we 
compare general equilibrium and partial equilibrium valuation from a resource 
conservation perspective. The last section displays concluding comments. 

2. Valuing Mineral Rights in a General Equilibrium  
Assets-Markets Approach with Arbitrageurs  

In this paper, the general equilibrium model refers to assets markets where rep-
resentative arbitrageurs can hold wealth in the form of conventional financial 
assets (say bonds) or in the form of exhaustible natural resource deposits. It is 
assumed that arbitrageurs are fully informed on the state of evolution of the 
natural resource stock size while making managing their portfolio. In other 
words, information on fundamentals of the economy including the resource 
stock size is incorporated in arbitrage trading activities. There is no uncertainty. 
The general pricing equilibrium is endogenously determined by the absence of 
arbitrage opportunities in assets markets [12]-[17]. More formally, suppose that 
assets markets consist of an exhaustible resource stock, denoted by X, and a 
conventional asset, denoted by B4. The stock of resource is assumed to be a ho-
mogenous resource deposit5. The size of the initial endowment of the resource 
stock is denoted by 0 0X > , and the remaining resource stock size at time t is 

 

 

4A conventional assets such as a bond or a capital good. 
5That is, the costs of extraction of a unit from a deposit do not depend on the amount previously ex-
tracted. A similar assumption is made by [1]. 
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denoted by ( )X t . 
Let us denote by ( )V t  the stock market value of the resource deposit own-

ership in a general equilibrium of assets markets, in dollars, of a remaining 
known homogeneous resource stock ( )X t  at time t6. Denote by ( )B t  the 
stock market value of the conventional asset at time t. 

A general equilibrium assets-market approach with arbitrageurs allows a 
feedback by enabling capital to be withdrawn from less profitable activities and 
reinvested to more profitable activities7. In a general equilibrium assets-market 
approach with arbitrageurs, all sectors should strike the same financial rate of 
return. For arbitrageurs to include a resource deposit in their portfolio, the rate 
of change in the value of the resource deposition must equal the general equili-
brium rate of return that prevails in all markets for capital assets. In the general 
equilibrium rate, the rate of return on mineral rights ownership ( ) ( )ge geV t V t  
and the rate of return on other ownership categories ( ) ( )B t B t  should be 
equalized8. That is: 

( )
( )

( )
( ) ( ) ( )( )

General equilibrium Rate of Return

,ge

ge

V t B t
r X t B t

V t B t
= =






              (1) 

where ( ) ( )( ),r X t B t  is the general equilibrium rate of return on assets in as-
sets markets with arbitrageurs. The absence of arbitrage opportunities is suffi-
cient for the existence of a general equilibrium in well functioning and competi-
tive financial markets [12]-[17]. The general equilibrium rate of return that 
emerges from arbitrage across all assets markets, ( ) ( )( ),r X t B t  depends on 
the general asset structure of the economy. 

This condition can be thought of as the law of one price in a general asset 
market equilibrium setting9. 

Integrating both sides of Equation (1) leads to 

( ) ( ) ( )( )0 , d
0 e .

t r X B
geV t V τ τ τ∫=                        (2) 

In capital markets, the value of a capital stock is the product of the price of in-
stalled capital and the quantity of capital [6] [7]. Exhaustible resources deposits 
are a form of capital. Therefore, the worth of a resource deposit right in a general 
equilibrium in assets markets is obtained by multiplying the size of the resource 
deposit by the shadow value of the marginal unit of the resource in the ground. 
Let us denote by ( )ge tλ  the shadow price of the resource at time t in a general 
equilibrium of assets markets. Therefore the market value of the resource stock 
in capital markets is given by the product of the shadow price of the resource 

 

 

6Say a stock of oil in the ground. 
7It is assumed that mineral rights ownership can be easily transferred in monetary value whenever 
possible. 
8According to the seminal paper by [18], ownership is governed only by the preference of arbitra-
geurs to more or less gains. 
9In other words, if the law of one price holds, then there is no ambiguity about the time t return on 
any marketable asset at any time t. 
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( )tλ  and the remaining resource stock size ( )X t 10: 

( ) ( ) ( ).pe peV t t X tλ=                        (3) 

Substituting Equation (3) into Equation (2), the following valuation rule is 
obtained 

( )


 ( )
( ) ( )( )0 , d0

0
Initial valueGeneral equilibrium shadow price

Time discountingSize change scale

e .
t r X B

ge
Xt

X t
τ τ τλ λ ∫   =        



    (4) 

Equation (4) tells us that from a general equilibrium assets-market approach, 
the endogenous discount rate used by arbitrageurs for valuing exhaustible  

resource deposits rights 
( )

( ) ( )( )0 , d0 e
t r X BX

X t
τ τ τ∫ 

 
  

 adjusts not only for the time  

depreciation but also for changes in the resource size over time. 

3. General Equilibrium Assets-Market Approach versus  
Partial Equilibrium Approach 

In this section, we compare the features derived from partial equilibrium (flow 
markets) considerations with those derived from general equilibrium in assets 
markets.  

3.1. The [1] Partial Equilibrium Setting  

In the [1] model, the interest rate is assumed exogenous, that is, the interest rate 
is taken as given to the mining industry by the rest of the economy [22]. To cla-
rify, let us denote by peλ , the shadow price-price net of marginal cost in-situ in 
the [1] [23] [24] partial equilibrium model of exhaustible resources. As shown by 
[1] [23] [24], in the partial equilibrium the shadow price, peλ , must rise at the 
exogenous rate of interest11, 

( ) ( )lim 0pet
t X tλ

→∞
=                        (5) 

( )
( ) ( ).pe

pe

t
r t

t
λ
λ

=


                        (6) 

In other words, from the partial equilibrium approach, stocks of natural re-
sources are like capital goods. The shadow price of the marginal unit of resource 
in situ at time t is obtained as follows: 

( )


( )0 d
0

Initial valuePartial equilibrium shadow price
Time discounting

e .
t r

pe t τ τλ λ ∫ =   






              (7) 

 

 

10Let us mention that a similar relation can also be derived in a standard partial equilibrium model 
of exhaustible resource extraction as in [19, p. 617], [20, p. 16], and [21, p. 154]. In this case, the val-
ue of the resource stock in partial equilibrium is ( ) ( ) ( )pe peV t t X tλ= , where ( )pe tλ  is the shadow 
value of the marginal unit of a (homogeneous) Hotelling resource in partial equilibrium model. 
11In addition, the transversality condition should be satisfied. That is, 

( ) ( )lim 0pet
t X tλ

→∞
=                                    (5) 
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With a partial equilibrium setting, the value of one unit of the in situ resource 
time t is obtained by applying the same discounted cash flow technique used for 
valuing conventional assets whose size is fixed over time. 

3.2. The [1] Rule Viewed from the General Equilibrium in Assets 
Markets Setting 

It is instructive to shed light on how the [1] can be interpreted within the pre-
vious general equilibrium framework. In the [1] model, the rate of return on 
other ownership categories is driven by an exogenous rate of interest ( )r t . In 
order to replicate partial equilibrium behavior within a general equilibrium as-
sets-market approach, it is reasonable to assume that the time-discounting is the 
same in both models. In other words, the rate of interest which is taken as given 
to the mining industry in [1] rule by the general equilibrium assets-market ap-
proach with arbitrageurs. In other words, 

( ) ( )( ) ( ), .r X t B t r t=                           (8) 

It is worth noting that the only case where the valuation from a general equi-
librium assets-market approach with arbitrageurs equals the valuation from a 
partial equilibrium approach 

( ) ( ).ge pet tλ λ=                             (9) 

happens if and only if 

( ) 0X t X=  at any time 0t > .                  (10) 

The implication (10) suggests that from a general equilibrium assets-market 
approach with arbitrageurs perspective, the [1] valuation might be seen as a 
myopic rule. The intuition is the following. Analyzed from a general equilibrium 
assets-market approach with arbitrageurs, there seems to be a rigidity in the way 
the basic [1] rule prices marginal units of the exhaustible resource. Indeed, un-
der the [1] rule, the remaining size by itself does not affect directly the valuation 
of any marginal unit valued. There is a separability between the size of the re-
maining stock and the value of the marginal unit of resource, suggesting that any 
marginal unit can be viewed itself as an initial stock of resource. This is another 
way to express the homogeneity of the marginal resource valuation in the [1] 
model. In contrast, in the general equilibrium model with arbitrageurs, the valu-
ation of marginal unit of resource is adjusted for the size of the remaining stock. 
In other words, from a general equilibrium assets-market approach with arbi-
trageurs, a homogenous cost resource stock can be viewed as having an infinite 
grade deposit with respect to the size of the remaining stock at the margin. 

4. Resource Conservation: General Equilibrium Assets  
Markets vs. Partial Equilibrium Flow Markets  

Comparing the valuation of exhaustible resources using the partial equilibrium 
Equation (7) and the valuation of exhaustible resources using a general equili-
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brium (4), it follows that 

( ) ( ) ( )0
ge pe

Xt t
X t

λ λ
 

=  
  

                     (11) 

Since the resource size can only decrease over time12; that is ( )
0

1
X t
X

< , it  

follows that 

( )


( )
General equilibrium shadow price Partial equilibrium shadow price

ge pet tλ λ>
             (12) 

An interesting implication of this result is that a general equilibrium as-
sets-market approach with arbitrageurs leads to a more conservative utilization 
of exhaustible natural resources. The presence of arbitrageurs allows a more 
conserving resource economy. The management of exhaustible resources under 
a general equilibrium assets-market approach leads to a more conservative poli-
cy than that obtained from a partial equilibrium framework. In a general equili-
brium assets-market approach, all markets are simultaneously modeled and in-
teract with each other. 

Furthermore, as shown by [19] [20] [21], in partial equilibrium model of ex-
haustible resource extraction13, the value of the remaining stock at time t is given  

by ( )( ) ( ) ( ) ( ) ( ) ( )e dr t
pe pe pet

V X t q t X tτ λ τ τ τ λ
∞ − −= =∫  ,  where ( )peλ τ  is the  

shadow price of the resource at time τ in partial equilibrium (which is equal the 
price assuming that the extraction cost is zero) and ( )q τ  is the quantity ex-
tracted at time τ, and ( )X t  is the size of the remaining resource stock at time t. 

The relative change in value of the stock of the resource can be derived as (see 
[19] [20] [21]): 

( ) ( )
.pe pe

pe pe

V t q t
r

V V
λ

= −


                         (13) 

Therefore taking into account Equation (8) and comparing Equation (13) with 
Equation (1) leads to 

,pe ge

pe ge

V V
V V

<
 

                            (14) 

which implies 

( ) ( ).ge peV t V t>                          (15) 

This result tells us that the value of exhaustible resources deposits analyzed 
from a general equilibrium assets-market approach with arbitrageurs is greater 
than the value of exhaustible resources deposits analyzed from a partial equili-
brium model. The resource owner in partial equilibrium does not internalize the 
effect of the resource size change on the rate of interest, which is taken as given. 

 

 

12We have assumed a fixed stock of the homogenous exhaustible resource and no discoveries. 
13The resource can be seen as a single large deposit, which is divided among many profit-maximizing 
competitive firms whose actions maximize both welfare and aggregate wealth. 
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A direct implication is that in doing green accounting it is important to em-
phasize that the valuation depends on whether a partial equilibrium or a general 
equilibrium assets-market approach is used. An integrated and multi-sectorial 
asset market approach results in greater shadow price for mineral rights owner-
ship and is likely to be more sustainable over the long term14. 

5. Concluding Remarks 

In this paper, we compare the valuation of exhaustible resources from both a 
general equilibrium assets-market approach with arbitrageurs and a standard 
partial equilibrium approach. It is shown that a correction term that explicitly 
accounts for the change in the resource size enters the discount factor used by 
arbitrageurs in a general equilibrium assets-market approach. Because of the 
presence of this term that adjusts for changes in the resource stock size over 
time, capital markets analyzed from a general equilibrium model with arbitra-
geurs’ standpoint are more conservative than that obtained from a partial equi-
librium approach in which the rate of interest is exogenously given. In some 
sense, our result echoes [22] who mentioned that assets markets are more far-
sighted than flow markets when it comes to resource conservation issues. 

Our paper features a simple general model showing that integrated assets 
markets with informed arbitrageurs can play a better role in conserving natural 
resources than a partial equilibrium model approach does. This simple model 
can bring some insights on the link between capital market polices and 
long-term conservation of exhaustible natural resources, which is an important 
component of sustainable development. It shows that fully integrating accurate 
information on resource stock size into capital markets policy practices used by 
market participants would contribute to the promotion of a more resource con-
servative economy. 

From a policy perspective, the conclusions derived from this paper provide a 
theoretical rationale behind the idea of conservation finance, a recently devel-
oped framework whose objective is to move resource conservation issues into 
mainstream assets markets [27]. Assets markets can play a better role in pro-
moting resource conservation if relevant integrated reporting that incorporates 
environmental information and alongside financial information is provided to 
investors [27] [28] [29] [30] [31]. 

Our paper suffers from some limitations, one of which is inherent to general 
equilibrium approaches. As mentioned by [32], one of the well-known limita-
tions of general equilibrium models is that it is assumed that nothing happens 
before the equilibrium is reached15. Another limitation of this research is that it 
does not account for issues such as asymmetric information, uncertainties in re-
source markets, technological change, and new discoveries. Future research will 

 

 

14Exhaustible resources and conservation issues are at the top of the sustainable development agenda 
[25] [26]. 
15The general equilibrium approach is better suited for addressing long-term questions [32]. Need-
less to mention resource conservation is a long-term issue. 
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incorporate these features. 
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