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incorporated not only the uncertainties of oil price and investment cost but also the 
uncertainties of exchange rate and investment environment. These unique features have 
enabled our model to be best equipped to evaluate the value of oil overseas investment 
projects of three oil field sizes (large, medium, small) and under different resource tax 
systems (royalty tax and production sharing contracts). In our empirical setting, we have 
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trade-off between oil resource investee country and overseas oil investor, in medium and 
small sized oil investment negotiation the oil company should try to increase the cost oil 
limit in production sharing contract and avoid the term of a windfall profits tax to reduce 
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1. Introduction  
Rapid economic growth in emerging economies like China and India has let to a huge increase in oil 

imports. This has raised great concern regarding their energy security. As a response, these countries 
have supported the expansion of their oil companies as an integrated part of energy strategies to 
address their growing dependence on imported oil. In their view, compared to oil trading, overseas oil 
investment can provide a more stable oil supply to enable them to ease pressure on their domestic 
energy supply and can thus offset to some extent the adverse effects of high oil prices on their 
economies. However, the extent to which this would enhance their energy security is a matter of 
dispute, because these oil companies do not necessarily send the oil that they produce overseas back to 
home countries. Instead, they prefer to let market considerations dictate where it is sold. But, there is a 
great consensus that investments in oil fields overseas help to stabilize the oil prices by pumping more 
oil out of the fields and enlarging the overall availability of oil on the world market. With the world’s 
oil use set to rise, companied with increasing world’s oil prices, adding new capacities to world oil 
supplies via oil overseas investment is seen as beneficial to all, and needs thus to be encouraged and 
appreciated. Thus, the real issue is not about where the oil produced from overseas investment goes. 
Rather, it is overseas investment itself. While such an investment will benefit oil users, whether it is in 
the best interests of investors needs a careful evaluation, particularly given large capital investment 
involved in and a very long duration of an oil investment project.  

In conventional investment project evaluation, commodity price uncertainty is always used to reflect 
the project uncertainty. For oil reserves valuation, oil price is always be used to reflect oil project 
uncertainty, and in most cases it is the only uncertainty which is considered in oil reserves valuation. In 
our opinion, only take oil price uncertainty into account can not fully capture the complexity of 
overseas oil investment. In general, overseas oil investment has the same properties as that of foreign 
direct investment (FDI) in that the development of overseas oil fields is associated with large capital 
budgets, a long construction period, and high investment uncertainty. However, the decision process for 
overseas oil investment is more complex than that of FDI. A number of uncertainty factors should be 
considered in valuing overseas oil investments as the development is mainly carried out through 
international or state-owned oil companies with the added complication of the investee country’s 
resource tax system.  

No doubt, oil price is one of the most important factors affecting oil investment because oil is both a 
fundamental resource for economic growth and an international commodity. In recent years, as the 
dependence on foreign oil in major developed and developing countries has been increasing, and oil 
obtained by these countries has been mainly through direct trade, fluctuations in international oil prices 
have been directly transmitted to the cost of imported oil, subsequently causing adverse impacts on 
domestic economic growth. In the future, the reduction of proven oil reserves and the depletion of oil 
resources worldwide will cause oil prices to fluctuate more than before.  

Another factor that needs to consider is oil investment cost. At the initial stage of overseas oil 
development, the oil company signs a contract with an investee country’s government or company to 
specify the oil field size, investment amount (capital budget), and oil extraction volume. However, in 
terms of the actual oil development activities, as a large-scaled project with sequential investment, 
there are various uncertainties in the construction of the oil project, such as uncertain length of 
construction, unknown geological conditions of oil deposits, and diversity among different exploitation 
technologies. While these uncertainty factors should be reflected in the investment cost to complete the 
construction of the overseas oil project, they are hard to estimate, thus affecting the total investment 



 3

cost projection.  
Exchange rates matter too because exchange rates are the linkage between overseas investment and 

domestic investors. Nearly all overseas investments are denominated in United States (U.S.) dollars. 
For oil companies, changes in exchange rates between the U.S. dollar and the domestic currency 
directly affect the capital budget and cash flow in the overseas oil investment. The study by Fan et al. 
(2008) shows that there exist a spillover effect between exchange rates and oil prices. Theoretically, 
when the U.S. dollar falls, the dollar-denominated crude oil price is lower against other currencies, 
which pushes up the crude oil price to some extent, and vice versa. In recent years, the weakness of the 
U.S. dollar has increased the downside risks of future U.S. dollar exchange rates, causing oil 
companies to take greater risk of exchange losses in overseas oil revenue accounting. Therefore, 
exchange rates are an important consideration in overseas oil investment valuation.  

Furthermore, given that an overseas oil development project lasts 20 years or more, investee country 
investment environment is even crucial to the collaboration between investor and investee in overseas 
oil investments. During this period, changes in the investee country’s investment environment affect 
the risk and benefit of the overseas oil investment. And if the investee countries’ investment 
environment deteriorates, this causes additional operation costs and may even offset the imported oil 
cost-dilution effect through overseas investment.  

In overseas oil investment activities, the aforementioned uncertainty factors do not exist 
independently. Rather they are interrelated. On the one hand, from the perspective of imported oil, as 
oil and other international commodities are denominated in U.S. dollars, a falling U.S. dollar pushes up 
the crude oil price to some extent. As oil is a fundamental resource for economic development, 
increasing oil prices push up the cost for the whole society,1 resulting in a series of social conflicts 
such as rising unemployment and social unrest, thus affecting the investment environment. On the other 
hand, from the perspective of international trade, as the U.S. dollar is an international currency, 
changes in the U.S. dollar exchange rate directly affect other countries’ imports and exports. In 
particular, depreciation of the U.S. dollar increases inflationary pressures on other countries, thus 
affecting domestic production and eventually transmitting to the investment environment.  

Therefore, to more accurately evaluate the risk and benefits of overseas oil investment, a proper 
overseas oil investment evaluation method is needed for oil companies to address these uncertainty 
factors and consider their complex interrelationships, including the impact of different resource taxes. 
This paper applies real options theory to establish an overseas oil investment evaluation model based 
on Monte Carlo simulation, and is solved by the Least Squares Monte-Carlo method (LSM). Several 
uncertainty factors most relevant to overseas oil investment are considered, including not only the oil 
price and investment cost, but also the exchange rate and investment environment. The model can 
evaluate the value of oil fields of different sizes (large, medium, small) and under different resource tax 
systems (royalty tax and production sharing contracts).  

The remainder of the paper is organized as follows. Section 2 provides a literature review. Section 3 
describes our model. Section 4 undertakes a case study of an overseas oil investment project under a 
variety of uncertainty factors. Section 5 presents main conclusions and suggestions for further research.  
 
 
2. Literature review  

                                                        
1 The exact effects of oil price increase depend on whether there is a price control and the transmission 
mechanisms through which price affects spread into the economy (Wu et al., 2010 and 2011).    
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Myers (1977) and Ross (1978) were the first to introduce a “real” financial option pricing approach. 
In this approach, investors use the efficient market hypothesis, portfolio theory, and trading strategies 
to value streams generated by risky assets under available market information. Because the value of 
options is real, the greater the future uncertainty, the greater the project value should be. Myers (1984) 
pointed out that discounted cash flow techniques have weaknesses in evaluating investments with 
significant managerial flexibility, and consequently people tend to use either decision analysis or the 
option pricing approach when evaluating these kinds of investments. When McDonald and Siegel 
(1986) first developed a real options valuation model, they assumed that both the project value and the 
investment followed geometric Brownian motion and used the option pricing approach to solve. 
Brennan and Schwartz (1985) first introduced a real options approach to natural-resource investment 
and presented a way of valuating an asset with great volatility in its output commodity price. Assuming 
that the price of minerals followed geometric Brownian motion, they used real option model to define 
the optimal management strategy for a mine, including mine evaluation by replicating the portfolio to 
determine permanent abandonment and temporary closure rules under uncertainty.  

Recent real option studies trend to study the compound option structures and the relationship 
between investment and uncertainty. Kulatilaka and Perotti (1998) had provided a strategic rationale 
for growth options under uncertainty and imperfect competition. They had pointed out that higher 
uncertainty means more opportunity rather than simply larger risk and their results contradict the view 
that volatility was a strong disincentive for investment. Sarkar (2000) had shown that in certain 
situations, an increase in uncertainty could actually increase the probability of investing, and thereby 
has a positive impact on investment. Smit and Trigeorgis (2004) had presented an approach that 
integrated real options and game theory to strategic investment. Their treatment of strategic investment 
extended the potential of real options by combining it with game theory to capture the competitive 
dimensions and endogenous interactions of strategic decisions between the firm and its competitors. 
Copeland and Antikarov (2005) attempted to provide the foundation for establishing a consensus on 
methodology. They had proposed an outline of a standard procedure and presented a five-step solution 
process (marketed asset disclaimer, MAD approach) for defining real options and for valuing corporate 
projects in which such options were an important source of expected value.  

To date, many studies have applied the real options approach to evaluate natural-resource 
investments, but most of them have focused on the evaluation of individual projects. Paddock et al. 
(1988) developed a model of offshore oil leases and used it to define optimal investment rules for 
undeveloped offshore oil reserves. They thought that the option pricing approach had the following 
three advantages over the discounted cash flow method: first, it requires significantly less data because 
it uses market information efficiently; second, it incurs less computational cost and is less subject to 
error; third, it provides a guide for the optimal timing of development. Based on work by Smith and 
Nau (1995), Smith and McCardle (1998, 1999) used decision analysis based on dynamic programming 
and option pricing theory to study the issue of the valuation of oil resources. Using a model of an oil 
property, they studied the optimal suspension, decision-making for exploration and development, and 
the optimal time to invest. They also considered other effects on oil-property valuation, such as 
production control and decision-makers’ attitudes towards risk. Conrad and Kotani (2005) took the 
perspective of social benefit, applying the real option approach to evaluate the social net benefit of 
Arctic National Wildlife Refuge. In their model they had discussed the impact of two oil price 
processes (geometric Brownian motion and mean-reversion process) on optimal development time for 
oil project. Schwartz and Trolle (2010) had developed a model for pricing expropriation risk in oil 
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projects. The model was used to investigate, under the uncertainty of oil price, the option value that the 
government had to expropriate oil resource from the oil company during oil project development 
period. And the model is solved by Least Squares Monte-Carlo (LSM) method.  

The real options approach is well suited to estimate future uncertainty in natural-resource 
investments. Brennan and Schwartz (1985) and Paddock et. al (1988) assumed that commodity prices 
follow geometric Brownian motion and that a project’s future volatility depended only on its 
commodity output price volatility. Smith and McCardle (1998) assumed that both oil prices and oil 
productivity followed geometric Brownian motion, so that the project’s future volatility involved the 
integration of oil-price and productivity uncertainties. Lima and Suslick (2006) showed that among all 
the input parameters, future volatility was by far the most critical parameter in option pricing models. 
However, they did not believe that the project’s future volatility could be considered equivalent to the 
fluctuation of its commodity output price. Rather, they estimated project volatility by considering both 
commodity prices and operating cost evolved as geometric Brownian motion and used their model to 
evaluate a hypothetical gold-mine project. The result showed that project volatility was higher than that 
of commodity prices except under very unrealistic industry conditions.  

For a large-scaled investment project like oil overseas investment project, it will take time for an oil 
company to complete overseas oil investment. Thus, the investment decision can be viewed as a 
multi-stage project investment decision problem (Dixit and Pindyck, 1994). Majd and Pindyck (1987) 
thought that construction proceeds were usually flexible and could be adjusted with the arrival of new 
information. They used contingent claims analysis to derive optimal decision rules and to value such 
investments. Bar-Ilan and Strange (1996) studied the effects of investment lags of an uncertain, 
irreversible investment. They has pointed out that conventional results regarding the effect of price 
uncertainty on investment are weakened or reversed when there are lags. Aguerrevere (2003) studied 
the effects of competitive interactions on investment decisions and on dynamics of the price of 
incremental investment with time to build and operate flexibility. He found that the increase in 
uncertainty may encourage firms to increase their capacity and price volatility may be increasing in the 
number of competitors in the industry.  

In this paper, we establish a real options evaluation model. Our model differs from existing oil 
investment study on several grounds. First, our model has good applicability for an evaluation of 
overseas oil investments. It is based on Monte Carlo simulation, and is solved by the Least Squares 
Monte-Carlo method (LSM), by which both the investment risk and project value can be calculated. It 
is also easy to simulate different resource tax systems in our model. Second, the framework of our 
simulation-based real options model makes it easy to take several uncertainty factors into account. With 
consideration of the complexity in overseas oil investment, our model has considered four uncertainty 
factors (oil price, investment cost, exchange rate, and investment environment) and the 
interrelationships among these uncertainty factors. Third, as large-scaled investment project, we take 
overseas oil investment as a multi-stage investment decision problem so that the investment option 
during oil investment stage has been taken into consideration. This treatment enables the investment to 
be more flexible and adjusted with the arrival of new information. These unique features have enabled 
our model to be best equipped to evaluate the value of oil overseas investment projects.  
 
 
3. The model  

This paper emphasis on the evaluation of overseas oil investment and does not consider the barriers 
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for oil companies to enter investee (resource) countries. The evaluation includes oil project 
construction period and development (operation) period. It does not consider the exploration period. 
During the construction of oil project, the oil company can decide whether to continue investment or 
give up the project according to the new information at each investment stage. It has the right to 
exercise the abandon option to terminate the oil project in any investment stage. In general, at the initial 
stage the oil company will sign a contract with local government to specify the oil field development 

years and total investment amount. Assuming the total period for oil field development is T  years, 
for the purpose of evaluation we divide the T  years into N  periods, each with a length of 

/t T NΔ = , and define nt n t= Δ , 0,1,...n N= .  

 
3.1 Modeling uncertainty factors  

3.1.1 Oil prices  
Changes in oil prices will directly affect the benefit of overseas oil investment, therefore it has a 

significant impact on oil project decision. Here assuming the international oil price follows a geometric 
Brownian motion (Pindyck, 1997):  

  Oil P Oil P Oil PdP P dt P dzα σ= +                                                     (1) 

where OilP  is oil price in units of U.S. dollar/Barrel; Pdz  is the independent increments of 

Wiener process P Pdz dtε= , where Pε  is a normally distributed random variable with mean 0 

and standard deviation 1; and Pα  and Pσ  represent the drift and variance parameters of the oil 

price, respectively. In the simulations, the discrete approximation to oil price process is:  

1/2
1( ) ( ) exp( ( ) )Oil i Oil i P P PP t P t t tα σ ε+ = Δ + Δ                                       (2) 

 
3.1.2 Exchange rate  
Both oil prices and overseas investment are denominated in U.S. dollars. Changes in U.S. dollar 

exchange rates will to some extent affect the oil price and the overseas oil valuation. Here assuming the 
exchange rate follows a geometric Brownian motion (Fan and Zhu, 2010):  

E S E S E SdS S dt S dzα σ= +                                                       (3) 

where ES  is the exchange rate between investor country’s currency and U.S. dollar; Sdz  is the 

independent increments of Wiener process S Sdz dtε= , where Sε  is a normally distributed 

random variable with mean 0 and standard deviation 1; and Sα  and Sσ  represent the drift and 

variance parameters of the exchange rate, respectively. And this paper also considers the correlation 

between U.S. exchange rate and oil price, PSρ  denotes the correlation coefficient between them. In 

the simulations, the discrete approximation to exchange rate process is:  
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1/2
1( ) ( )exp( ( ) )E i E i S S SS t S t t tα σ ε+ = Δ + Δ                                        (4) 

 
3.1.3 Investment environment (oil production cost) 
Investment environment is a necessary external condition for overseas investment activities. Our 

paper has added investment environment factor into oil production cost. Nordal (2001) used the real 
options approach to study the impact of risk in emerging-market countries on foreign direct investment 
by adding country risk to project valuation. He defined a country-state variable, and assuming that this 
variable followed geometric Brownian motion. Investment environment, as an important aspect of 
country risk, should be considered in the valuation for overseas investment with long operation period. 
Our paper assumes that the investment environment would mainly affect the oil production cost, and 
we use the uncertainty of oil production cost to represent the uncertainty of investment environment. 
This treatment implies that, on the one hand, the oil production cost can to some extent reflect different 
countries’ oil quality and geographical diversity; on the other hand, that the uncertainty of future oil 
production cost is caused by the changes in investment environment. As we use the uncertainty of oil 
production cost to reflect the impact of investment environment on the overseas oil investment 
evaluation, here assuming the investment environment follows a geometric Brownian motion:  

Oil C Oil C Oil CdC C dt C dzα σ= +                                                    (5) 

where OilC  is oil production cost in units of U.S. dollar/Barrel; Cdz  is the independent 

increments of Wiener process C Cdz dtε= , where Cε  is a normally distributed random variable 

with mean 0 and standard deviation 1; and Cα  and Cσ  represent the drift and variance parameters 

of the investment environment (oil production cost), respectively. Our paper also considers the 

correlation among investment environment, U.S. exchange rate, and oil price, PCρ  denotes the 

correlation coefficient between oil price and investment environment (oil production cost), and CSρ  

denotes the correlation coefficient between U.S. exchange rate and investment environment (oil 
production cost). In the simulations, the discrete approximation to oil production cost process is:  

1/2
1( ) ( ) exp( ( ) )Oil i Oil i C C CC t C t t tα σ ε+ = Δ + Δ                                      (6) 

 
3.1.4 Investment cost  
As a large-scaled project with sequential investment, once the oil company starts to invest in 

overseas oil field, at the initial stage, assuming InvK  is the expected total investment cost for project 

construction, the total investment remaining at time it  is ( )Inv iK t . The investment expenditure of 

each time period is defined as InvI . As overseas oil investment is highly related to international oil 

prices, so here InvI  is set as a linear function of oil price, ( ) ( )Inv i Oil iI t iP t= , where i  is oil project 
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investment rate. It means the investment expenditure of each period will increase as the oil prices rises 
so it can speed up the completion of the project.  

Because the capital budget of overseas oil investment is quite large, such a large investment is 
inevitably facing uncertainties (e.g. the uncertainties of exploration technology and oil field geological 
condition). These uncertainties will cause the changes in the remaining investment at each period, and 
that make the actual investment amount different from the capital budget specified in the contract. Here 

assuming the remaining total investment InvK  is uncertain in order to reflect the uncertainty of 

overseas oil investment cost (Dixit and Pindyck, 1994), InvK  follows the controlled diffusion 

process:  

0.5[ ]Inv Inv Inv InvdK I dt I K dxβ= − +                                                (7) 

where β  is a scale parameter representing the uncertainty surrounding InvK ; and dx  is the 

independent increment of Wiener process dx dtε= , where ε  is a normally distributed random 

variable with mean 0 and standard deviation 1. The variance of InvK  is 

2
2

2( )
2Inv InvVar K Kβ

β
⎛ ⎞

= ⎜ ⎟−⎝ ⎠
, whereby uncertainty of oil investment cost reduces as InvK  

decreases (Dixit and Pindyck, 1994). In addition, as oversea oil investment is denominated in U.S. 
dollars, our paper also considers the correlation between U.S. exchange rate and the remaining 

investment cost, with KSρ  denoting their correlation coefficients. In the simulations, the discrete 

approximation to remaining investment cost process is:  

1/2 1/2
1( ) ( ) ( ) [ ( ) ( )] ( )Inv i Inv i Oil i Oil i Inv i xK t K t iP t t iP t K t tβ ε+ = − Δ + Δ                     (8) 

This model assumes that the switching expenditure InvI  is a linear function of oil price OilP . As 

there does not exist any adjustment cost or other cost related to the changes of investment expenditure 

InvI , the investment rule has a bang-bang solution at any time before the oil investment is completed 

(Majd and Pindyck, 1987). Therefore, the optimal investment expenditure amount will either be 

0InvI =  or maxInv InvI I=  (Majd and Pindyck, 1987, Dixit and Pindyck, 1994, Schwartz, 2004). At 

the initial stage, the oil company will either take maximum switching rate maxi  to do the oil 

investment or abandon the project. Therefore, under the condition of the optimal investment rule, 

maxi i= . Because InvK  is uncertain, the time needed to complete the oil investment is uncertain, too. 

The actual oil investment cost can be known only after the investment has been completed, 
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0
( )Inv i

i
I t

τ

=
∑ , where τ  is the actual time it takes to finish overseas oil investment.  

 
3.2 Overseas oil investment valuation 

Assuming in overseas oil field development period, the crude oil production at nt  period is 

( )Oil nQ t , and all of the crude oil produced at nt  period can be sold at the same period. Assuming the 

crude oil production capacity is constant in each period.  
r  is the interest rate, differing across countries. Investee country’s resource tax system has been 

added into the valuation. Oil resource tax systems can be divided into two major categories, including 
resource royalty and production sharing contract (PSC). Furthermore, some countries also levy 
windfall profits tax in domestic oil field according to oil prices change. These three resource tax 
systems have been modeled in our cash flow calculations.  

 
3.2.1 Operational value of overseas oil project  

After overseas oil investment has been completed, the project starts producing oil. At any time it  

in oil development period, ( )iCF t  is the cash flow that the oil company can obtain through oil 

production and sale. Cash flows under three resource tax systems are modeled as follows:  

1) Under resource royalty system, the cash flow 1( )iCF t  that the oil company can obtain is 

represented as:  

[ ]1 1 2( ) ( ) ( ) (1 ) ( ) ( ) (1 ) ( )i Oil i Oil i Oil i Oil i E iCF t P t Q t Tax C t Q t Tax S t= ⋅ ⋅ − − ⋅ ⋅ − ⋅         (9)-1 

Where 1Tax  and 2Tax  are the resource royalty and income tax rate of investee country, 

respectively.  

2) Under production sharing system, the cash flow 2 ( )iCF t can be represented as:  

[ ]2

2

( ) ( ) ( ( ) ( ( ) ) ) ( ) ( )
(1 ) ( )

i Oil i Oil i Oil i Oil Gov Oil i Oil i

E i

CF t P t Q t Q t cl g C t Q t
Tax S t

= ⋅ − − ⋅ − ⋅

               ⋅ − ⋅
            (9)-2 

Where Oilcl  is the cost oil limit under the PSC; Govg  is the share of investee country’s 

government in profit oil at each period.  
3) If the investee country has levied windfall profits tax, under existing production sharing system, 

the cash flow 3( )iCF t can obtain can be represented as:  
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3
3 2

3 3 2

3 2

( ( ) ) ( )
( ) , ( )

( ) (1 ) ( )
( ) , ( )

Oil i Tax Oil i
Oil i Tax i

i E i

Oil i Tax i

P t P Q t
P t P CF t

CF t Tax Tax S t
P t P

if

if CF t

⎧ − ⋅⎡ ⎤
>   −⎪ ⎢ ⎥= ⋅ ⋅ − ⋅⎨ ⎣ ⎦

⎪ ≤    ⎩

 
                (9)-3 

Where 3Tax  is investee country’s windfall profits tax according to oil prices change, which is 

equal to special oil income levy tax by some oil producing countries (e.g. Venezuela). The government 

will levy the tax only when the oil price is large than threshold price 3TaxP  of windfall profits tax.   

Once overseas oil investment is completed, at any time it  in oil development period, the 

operational value for the oil company that continues to operate the oil project should be the sum of 

discount cash flows from it  to the end of development period, which can be represented as:   

( )( ) ( )n i

N
r t t

Oil i n
n i

V t e CF t− −

=

= ∑                                                     (10) 

 
3.2.2 Investment value of overseas oil project  
The oil project would not generate any cash flow during construction. So the cash flows calculated 

in construction period can to some extent be viewed as anticipated cash flows. Under the option 
analysis framework, in oil project construction period, the oil company owns the abandon option. At 
the oil investment completed time τ , the investment value of oil project is equal to that of operational 
value:  

( ) ( )Oil OilF Vτ τ=                                                               (11) 

In any period before the oil investment is completed, if the investment needed is higher than 
expected oil project value, the oil company will exercise the abandon option to terminate the project to 

prevent more losses. The investment value of oil project can be denote as ( )Oil iF t , which depends on 

the expected cash flows after oil investment has been completed and the cost needed to complete oil 

project investment. So at period it  before the oil investment is completed, the value of oil investment 

is:  

{ }1( )
1( ) max 0, ( ) ( )i i

i

r t t
Oil i t Oil i Inv iF t E e F t I t+− −

+⎡ ⎤= −⎣ ⎦                                (12) 

Where [ ]*
it

E  means, at period it , the expected value for oil company continues to hold abandon 

option. As aforementioned, the investee country’s government may have penalty for oil company to 
abandon the project in investment stage. That will also be a default loss for the company to bear. With 

the penalty, at period it  before the oil investment is completed, the value of oil investment can be 

rewritten as:  
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{ }1( )
1( ) max , ( ) ( )i i

i

r t t
Oil i t Oil i Inv iF t Pen E e F t I t+− −

+⎡ ⎤= − −⎣ ⎦                            (13) 

Where Pen  is the penalty that the oil company should pay for abandoning investment project. The 
penalty may occur in some oil development contracts. However, because of data limitations, while we 
incorporate this parameter in our model, this has not considered in our empirical study.  
 
3.3 LSM based model solution  

We need to estimate the value of equation (12) in order to calculate the value of oil project. As the 

expect value 1( )
1( )i i

i

r t t
t Oil iE e F t+− −

+⎡ ⎤⎣ ⎦  is hard to determine, we apply Least Squares Monte Carlo 

(LSM) method to compute the expect value and oil project value.  
The LSM method was developed for valuing American options and is based on Monte Carlo 

simulation and least squares regression (Longstaff and Schwartz, 2001; Schwartz, 2004). In the model 
developed here, the oil company has the abandon option before overseas oil investment is completed. 
And the oil company will evaluate the decision to abandon the oil investment at each discrete time 
point. The detail of the solution procedure is as follows.  

Take G  as simulation paths, for any path g , conditional on not having abandoned oil project 

before, at the final date of operational period (time N , the last stage of operational period), the value 
of the oil project is given by the boundary condition:  

( , ) ( , )Oil N NW g t CF g t=                                                        (14) 

At any period it , for those paths along which the investment has been completed, the value of the 

oil project is computed recursively by:  

1( )
1( , ) ( , ) ( , )i ir t t

Oil i Oil i iW g t e W g t CF g t+− −
+= ⋅ +                                    (15) 

For those paths along which the investment is not completed, the conditional expected value of 
continuation is estimated by regression. The dependent variable is the discounted value of oil project at 

1it +  period, 1( )
1( , )i ir t t

Oil ie W g t+− −
+⋅ , and the independent variable is the oil project anticipated cash 

flow at period it . The fitted value ˆ ( , )Oil iW g t  can be estimated by polynomial regression.2 

Comparing the conditional expected value of oil project ˆ ( , )Oil iW g t  with the investment expenditure 

( )Inv iI t , then:  

0, ( , ) ( , )

( , ) ( , ), ( , )

ˆ
(

( , )
, )

ˆ ˆ
Oil i i

Oil i

Oil i i Oil i

Inv

Inv iInv

g I g

g I g g I

W t t
W g t

gW t t W t t

⎧   <⎪= ⎨
−   ≥⎪⎩

                      (16) 

The recursion proceeds by rolling back in time and repeating the procedure until the exercise 
                                                        
2 Laguerre polynomials are applied in this regression with nine terms used in the implementation of the 
algorithm. The fitted value of this regression is the best linear unbiased estimator of the conditional 
expectation (Longstaff and Schwartz, 2001; Schwartz, 2004).  
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decisions at each possible exercise time along each path have been determined. The value of the oil 
project is then computed by starting at time zero, moving forward along each path until the final 
observation date of a given period or until the first stopping time occurs, discounting the resulting cash 
flows to time zero, and taking the average over all the paths to get the project value of overseas oil field 
with abandon option. For more discussion on the method used here, see Schwartz (2004).  
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Where, at any path g , if the oil project is abandoned, gτ  is the abandon period in path g , else 

gτ  is the investment completed period in path g . LSM method described has been implemented in 

Matrix Laboratory (MATLAB), and all solution procedure can be seen as below: 
 
 

Figure 1 Procedures for Decision-making and Solution Approach 
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4. A case study  
We select an oil company in China as the overseas investor and Indonesia in Southeast Asia as the 

oil resource investee as the case study for the real options evaluation model proposed in this paper. We 
apply the model to evaluate whether China should invest in an overseas oil investment project in 
Indonesia, taking into consideration oil price, exchange rate, investment environment, and oil 
investment cost uncertainties, and the impacts of different resource tax systems.  
 
4.1 Model parameters  

Table 1 shows the parameter values of the model. The data is based on the year 2006. It should be 
noted that it is difficult to quantify the fluctuation of an investee country’s investment environment. We 
use the consumer price index (CPI) as a reflection of a country’s degree of policy stability in 
accordance with Fan and Zhu (2010). Some oil-investee countries have highly unstable policies which 
often lead to huge price fluctuations and deterioration of the investment environment. Therefore, the 
investee country’s CPI volatility is used as a proxy variable to reflect changes in its investment 
environment.  

Because of the lack of comprehensive overseas oil investment data, we refer to the research of Blake 
and Roberts (2006), who suggest evaluating three typical sized oil fields (large, medium, small). Table 
1 defines all the parameters and their assumed values.  
 
 
Table 1 The Parameters and the Assumed Values of the Model 
 

Value 
Parameter 

Model 
symbol 

Unit investee 
country 

Note 

Oil field recoverable 
reserves-large (O-L) 

million barrels 300 

Oil field recoverable 
reserves-medium (O-M) 

million barrels 150 

Oil field recoverable 
reserves-small (O-S) 

OilR  

million barrels 75 

Production capacity of oil 
field-large 

million 
barrels/year 

12 

Production capacity of oil 
field-medium 

million 
barrels/year 

6 

Production capacity of oil 
field-small 

OilQ  

million 
barrels/year 

3 

The data of three typical sized oil 
fields refer to the work of Blake and 
Roberts (2006).  

Oil prices OilP  
US 

dollar/barrel 
60 

WTI 2006 yearly average oil spot 
price has been used in this work.  

Oil prices drift rate Pα  /year 0.02 Set by this study.  

Oil prices standard deviation 
rate Pσ  /year 30% 

The data refers to the estimation of 
oil price volatility from Fan and Zhu 
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(2010).  

Exchange rate ES  
US 

dollar:RMB 
1.00:8.00 

2006 yearly average exchange rate 
between US dollar and RMB has 
been used in this work.  

Exchange drift rate Sα  /year -0.005 Set by this study.  

Exchange standard deviation 
rate Sσ  /year 7.55% 

The data refers to the estimation of 
exchange rate volatility from Fan 
and Zhu (2010).  

Oil production cost OilC  
US 

dollar/barrel 
6.64 

Oil production cost is derived from 
the International Energy Agency 
(IEA) (2003). In this work, the 
inflationary cost index published by 
IEA (2006) was used to estimate oil 
production cost in 2006.  

Oil production cost drift rate Cα  /year 0.01 Set by this study.  

Oil production cost standard 
deviation rate Cσ  %/year 17.85% 

The data refers to the estimation of 
consumer price index volatility from 
Fan and Zhu (2010).  

Total investment cost of oil 
field-large 

1730 

Total investment cost of oil 
field-medium 

1440 

Total investment cost of oil 
field-small 

InvK  
million US 

dollar 

1070 

The investment data of three typical 
sized oil fields refer to the work of 
Blake and Roberts (2006). In this 
work the investment costs have been 
adjusted to 2006 with inflationary 
cost index published by IEA (2006). 
And for equivalent oil production 
capacity, the investment cost needed 
in small and middle sized oil fields 
are larger than that of large sized oil 
field, which will increase by 66.47% 
and 147.40% to that of large sized 
oil field.  

Initial annual investment-large 550 

Initial annual 
investment-medium 

470 

Initial annual investment-small 

InvI  
million US 
dollar /year 

360 

Set by this study.  

Investment uncertainty β   0.5 
Here refers to the settings in the 
research of Schwartz (2003), Dixit 
and Pindyck (1994). 

Correlation between exchange 
rate and oil price PSρ   -0.6998 

It is estimated through the 
calculation between oil price and 
exchange rate historical data. See 
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details in Fan and Zhu (2010).  

Correlation between exchange 
rate and oil develop cost CSρ   -0.5490 

It is estimated through the 
calculation between investee 
country’s CPI and exchange rate 
historical data. See details in Fan 
and Zhu (2010).  

Correlation between exchange 
rate and oil investment KEρ   0.1000 Set by this study.  

Correlation between oil price 
and oil develop cost PCρ   0.6874 

It is estimated through the 
calculation between oil price and 
investee country’s CPI historical 
data. See details in Fan and Zhu 
(2010).  

Resource royalty 1Tax   0.00% 
The investee country does not levy 
resource royalty in oil fields 
development.  

Income tax 2Tax   30.00% 

Income-tax data have been obtained 
from the foreign-investment 
database of the Ministry of 
Commerce of China.  

Windfall profits tax 3Tax   0.00% 

The investee country does not levy 
windfall profit tax in oil fields 
development. And we will discuss 
the case of windfall profit tax in 
results and discussions.  

Cost oil limit-large 
million 

barrels/year 
8 

Cost oil limit-medium 
million 

barrels/year 
4 

Cost oil limit-small 

Oilcl  

million 
barrels/year 

2 

Refer to previous oil production 
sharing contracts, Here we set the 
cost oil limit is 2/3 of total oil 
production.  

Share of government-large  80.00% 
Share of government-medium  80.00% 

Share of government-small 
Govg  

 80.00% 

Refer to previous oil production 
sharing contracts, Here we set the 
government’s share of profit oil is 
80%.  

Riskfree rate r  /year 7.99% 

Investee country’s long-term deposit 
interest rate is used as a risk-free 
rate, see details in Fan and Zhu 
(2010).  

Trigger oil price for windfall 
profits tax TaxP  

US 
dollar/barrel 

0 

The investee country does not levy 
windfall profit tax in oil fields 
development. And we will discuss 
the case of windfall profit tax in 
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results and discussions.  

Development period T  Year 2006-2030 

As the years of the contract in 
overseas oil development always last 
20-25 years, therefore we set the 
development period at 25 years, 
which can be divided into oil project 
construction and oil field operation 
periods.  

Time step size in simulations tΔ  year 1  

Number of simulations G   5000 

In general, the simulation results 
will start to convergence as paths 
exceed 1000, so the number of paths 
simulated in different scenarios are 
set at 5000.  

 
 

We use the LSM to solve our model. First, the motion paths of the oil price, exchange rate, oil 
production cost (investment environment), and investment cost need to be simulated. Figure 2 shows 
the changes of these uncertainty factors in 250 out of 5000 simulation paths. A large sample of random 
routing Monte Carlo simulation can simulate the result of every possible change in the uncertainty 
factors. We also consider the correlations between these uncertainty factors in our model to better 
quantify the impacts of the uncertainties on the value of the overseas oil investment.  
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Figure 2a: Oil Prices Simulation 
(Paths: 250 of 5000) 

Figure 2b: Oil Production Cost Simulation 
(Paths: 250 of 5000) 
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Figure 2c: Exchange Rate Simulation 
(Paths: 250 of 5000) 

Figure 2d: Residual Investment Cost 
Simulation 

(Paths: 250 of 5000) 
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Figure 2e: Single Simulated Path of Oil Prices, Production Cost, and Exchange Rate 

 
 
4.2 Results and discussions  

The value of overseas oil projects of different field sizes can be calculated by the LSM, taking the set 
parameter values into the model and simulating changes for each uncertainty factor based on their 
initial values. For simplicity, we use O-L, O-M, and O-S to denote oil fields with large, medium, and 
small recoverable reserves, respectively.  

Considering the randomness of the samples in Monte Carlo simulation, in order to have a more 
accurate result, we calculate five seeds for each value of oil investment under different parameter 
settings. Each seed has a result based on 5000 simulation paths using LSM. The average of the five 
seeds is taken as the value of the oil investment under each parameter setting. Take O-L as an example. 
As shown in Table 2, taking into consideration the four uncertainty factors, the oil project value of O-L 
lies between 16151.83 and 17252.64 million RMB, with a mean of 16681.30.million RMB, and the 
expected construction time is 3.68 years. The oil investment is abandoned in only 0.144% of paths, 
implying that the investment risk of O-L is small. 
 
 
Table 2 Oil Project Values with Different Seeds for Large Oil Field 
 

Oil Field Size: large (O-L) 
Investee Country 

Seed 1 Seed 2 Seed 3 Seed 4 Seed 5 Average 

Project Value (Millions RMB) 17107.15 16284.52 16610.38 16151.83 17252.64 16681.30 
Project Value of Equivalent Oil 
Production Capacity (Millions 
RMB/Millions Barrels per year) 

1425.60 1357.04 1384.20 1345.99 1437.72 1390.11 

Percentage of Paths Abandoned 
(%) 

0.180 0.140 0.100 0.180 0.120 0.144 

Project Completion Period 
(years) 

3.69 3.69 3.69 3.67 3.64 3.68 

 
 
4.2.1 The base case 
We first calculate the project values of the three different sizes of oil fields (O-L, O-M, O-S) in the 

base case, against which other cases that consider the aforementioned uncertainty factors are measured. 
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For comparison, we also calculate their corresponding NPV values. In the NPV calculation, the four 
uncertainty factors are assumed to be constant, i.e., the same as their initial values, and the oil project 
value is the sum of the discounted cash flows and investment costs.  

As shown in Table 3, for the overseas oil investment, the project values of O-L and O-M are much 
larger than that of O-S. The project value of equivalent oil production capacity in O-S is only 7.88% 
and 13.93% to that of O-L and O-M, respectively. There are two main reasons for this: First, for 
equivalent oil production capacity, the investment needed in O-S is much larger than that of O-L and 
O-M (for equivalent oil production capacity, the extra investment needed in O-S would be an increase 
of 147.40% and 48.61% to that of O-L and O-M, respectively); Second, the investment risks of O-L 
and O-M are lower than that of O-S. The percentages of paths abandoned in O-L and O-M are 0.144% 
and 0.360%, respectively, which are much smaller than that of 19.727% for O-S. So O-L and O-M are 
the preferred choices in making overseas oil investment over O-S of a much greater risk. 
 
  
Table 3 Oil Project Values of Three Sizes of Oil Fields in the Base Case 
 

Base Case Oil field size 

Investee Country 
Large 
(O-L) 

Medium 
(O-M) 

Small 
(O-S) 

Project Value (Millions RMB) 16681.30 4542.24 337.45 
Project Value of Equivalent Oil Production 
Capacity (Millions RMB/Millions Barrels per 
year) 

1390.11 757.04 112.48 

Percentage of Paths Abandoned (%) 0.144 0.360 19.727 
Project Completion Period (years) 3.68 3.58 3.27 

NPV method 
Large 
(O-L) 

Medium 
(O-M) 

Small 
(O-S) 

Project Value without Option (Millions RMB) 6091.71  4.04  -2402.99  
Project Value of Equivalent Oil Production 
Capacity (Millions RMB/Millions Barrels per 
year) 

507.64  0.67  -801.00  

 
 

Furthermore, comparing the results between real options analysis and the NPV method, we can see 
that the NPV values of the three different sizes of oil fields are much smaller than that of real options 
project values. Making an overseas oil investment is a complex process. However, the NPV method 
can neither consider the impacts of uncertainty factors on the value nor the flexibility of the oil 
investment. Therefore, the value may be underestimated using the NPV method, resulting in the 
possibility of an oil company missing overseas oil investment opportunities. In real options analysis, 
though the investment risk in O-S is much higher than that of O-L and O-M, it may to some extent be 
worth investing in as the project value is positive. In contrast, under the NPV method, the O-S has a 
negative project value, indicating that it is not worth investing in. Thus, a real option analysis can better 
consider the impacts of uncertainty factors on the value of overseas oil investment that may increase 
the estimated value of an oil project. Also the abandon option in real options analysis adds some 
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flexibility to the project evaluation. These extra features of the real options model provide more 
detailed information for companies when making overseas oil investment decisions, allowing them to 
make more accurate judgment.  

 
4.2.2 The case under uncertainty of oil price levels 
As oil price is one of the most important factors in affecting overseas oil investment decision, we 

discuss below the impacts of different oil price levels on the value of an overseas oil project. In the 
base case, we set the initial oil price level at US$60/barrel. In case 1, we set oil price level one-third 
below, and one-third and two-thirds above its base level value, which correspond to the oil prices of 
US$ 40, US$80 and US$100 per barrel, and then calculate their impacts on the values of the overseas 
oil project. 

  
Table 4 Oil Project Values at Different Level of Oil Prices in Case 1 
 

Case 1 The impacts of oil price level Oil field size 

Oil price at 40 US dollar/barrel 
Large 
(O-L) 

Medium 
(O-M) 

Small 
(O-S) 

Project Value (Millions RMB) 5789.03  148.02  14.72  
Project Value of Equivalent Oil Production 
Capacity (Millions RMB/Millions Barrels per 
year) 

482.42  24.67  4.91  

Percentage of Paths Abandoned (%) 0.420 34.540 97.660 
Project Completion Period (years) 3.69  3.19  2.03  

Oil price at 80 US dollar/barrel 
Large 
(O-L) 

Medium 
(O-M) 

Small 
(O-S) 

Project Value (Millions RMB) 27275.42  7057.95  2512.59  
Project Value of Equivalent Oil Production 
Capacity (Millions RMB/Millions Barrels per 
year) 

2272.95  1176.32  837.53  

Percentage of Paths Abandoned (%) 0.100 0.180 0.580 
Project Completion Period (years) 3.70  3.69  3.49  

Oil price at 100 US dollar/barrel 
Large 
(O-L) 

Medium 
(O-M) 

Small 
(O-S) 

Project Value (Millions RMB) 38523.62 14896.06 5115.63 
Project Value of Equivalent Oil Production 
Capacity (Millions RMB/Millions Barrels per 
year) 

3210.30 2482.68 1705.21 

Percentage of Paths Abandoned (%) 0.100 0.160 0.420 
Project Completion Period (years) 3.69 3.60 3.51 

 
 

From the results shown in Table 4, we can see that changes in the oil price level have significant 
impacts on the values of the three different sizes of oil fields. The investment risks of O-M and O-S 
show more sensitivity to oil price level change than that of O-L. The oil price levels also show 
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symmetric impacts on the project values of O-L and O-M. When the oil price level increases by 
one-third, the project values of O-L and O-M increase by 66.53% and 113.42% relative to that of the 
base case, respectively. When the oil price level decreases by one-third, the project values of O-L and 
O-M decrease by 62.15% and 93.90% relative to that of the base case, respectively. Clearly, the results 
show equal magnitude of project value change as oil price increases or decreases by the same 
percentages. However, the oil price levels have an asymmetric impact on the project value of O-S, with 
the magnitude of the project value change of an oil price increase being larger than that of an oil price 
decrease (when oil price level increases by one-third, the O-S project value increases by 687.27%, 
which is far larger than that of 98.01% when the oil price level decrease by one-third). After 2009, the 
oil price level has remained at a high level (the level of oil price has been above US$100/barrel for 
quite some time). Our results show that if the oil price level remains above US$80/barrel, the 
investment risks of the three different sizes of oil fields are very small (the investment risks of O-S are 
only 0.580% and 0.420% when oil price levels are at US$80/barrel and US$100/barrel, respectively). 
However, the investment risks of O-M and O-S increase dramatically when the oil price level drops to 
$US40/barrel: the investment risk of O-M is 34.54% compared to 0.36% in the base case and the 
investment risk of O-S is 97.66%. This means that when the oil price level is low, the company should 
not invest in O-S because of high investment risk. 

 
4.2.3 The case under uncertainty of investment environment and exchange rate  
Previous research on oil resource investment evaluation has paid much attention to oil price 

uncertainty, which may increase the value of an oil project, thus having a positive impact on the oil 
project valuation. However, other uncertainty factors also exist in overseas oil investment. In this 
subsection, we will discuss two other uncertainty factors: investment environment and exchange rate. 

  
4.2.3.1 The impacts of investment environment  
The base case has already considered the impacts of investment environment and exchange rate 

uncertainties, basing on the historical data on these two factors. To examine the impacts of the 
volatilities of these two uncertainty factors, we calculate the oil project value with consideration of 
changes in these uncertainty factors. In case 2, we first calculate the oil project value with 
consideration of changes in investment environment uncertainty, by setting the volatility (standard 
deviation rate) of oil production cost at 20% and 40%. The correlation coefficients between oil 
production cost and other uncertainty factors are set at the same values as the base case.  

 
  

Table 5 Oil Project Values under Uncertainty of Investment Environment in Case 2 
 

Case 2  The impacts of investment 
environment 

Oil field size 

Volatility of oil develop cost (investment 
environment): 20% 

Large 
(O-L) 

Medium 
(O-M) 

Small 
(O-S) 

Project Value (Millions RMB) 15866.73 4263.62 177.71 
Project Value of Equivalent Oil Production 
Capacity (Millions RMB/Millions Barrels per 
year) 

1322.23 710.60 59.24 



 21

Percentage of Paths Abandoned (%) 0.230 0.540 24.620 
Project Completion Period (years) 3.69 3.60 3.27 
Volatility of oil develop cost (investment 
environment): 40% 

Large 
(O-L) 

Medium 
(O-M) 

Small 
(O-S) 

Project Value (Millions RMB) 14767.42 3442.39 61.14 
Project Value of Equivalent Oil Production 
Capacity (Millions RMB/Millions Barrels per 
year) 

1230.62 573.73 20.38 

Percentage of Paths Abandoned (%) 0.260 0.640 38.890 
Project Completion Period (years) 3.64 3.58 3.10 

 
 

As shown in Table 5, when we increase the volatility of investment environment, the oil project 
values in case 2 are smaller for all three oil field sizes than that of the base case. Compares to the base 
case, when we set the volatility of investment environment at 20%, the project values of the O-L, O-M, 
and O-S are shrunk by 4.88%, 6.13%, and 47.34%, respectively. And as the volatility goes up to 40%, 
the project values of the O-L, O-M, and O-S are then shrunk by 11.47%, 24.21%, and 81.88% 
compared to that of the base case, respectively. Note in particular that the value of O-S in case 2 has 
decreased dramatically relative to that of the base case. A rise of investment environment volatility will 
not only decrease the project value, but also increase the investment risk of an overseas oil project. 
Compared to the base case, the percentages of paths abandoned in O-L and O-M are slightly larger in 
case 2 than that in the base case, while the percentage of paths abandoned in O-S increases 
significantly (24.620% and 38.890% when investment environment volatility are set at 20% and 40%, 
compared to 19.02% in the base case). As the uncertainty of investment environment is reflected in the 
oil production cost in the model, the uncertainty of investment environment causes volatility in oil 
production cost, so its impact on the project value differs from that of commodity price uncertainty. A 
rise in the oil production cost volatility will add more uncertainty in the expenditure of an overseas oil 
project, and therefore could have a negative impact on an overseas oil project valuation. 
 

4.2.3.2 The impacts of exchange rate  
We then calculate the oil project value with consideration of changes in exchange rate uncertainty. 

Specifically, in case 3, we set the volatility (standard deviation rate) of exchange rate at 15% and 30%. 
The correlation coefficients between the U.S. dollar exchange rate and other uncertainty factors are set 
at the same values as the base case. 
 
 
Table 6 Oil Project Values under Uncertainty of Exchange Rate in Case 3 
 

Case 3 The impacts of exchange rate Oil field size 

Volatility of exchange rate: 15% 
Large 
(O-L) 

Medium 
(O-M) 

Small 
(O-S) 

Project Value (Millions RMB) 16899.87 4756.41 59.79 
Project Value of Equivalent Oil Production 
Capacity (Millions RMB/Millions Barrels per 

1408.32 792.74 19.93 
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year) 
Percentage of Paths Abandoned (%) 0.080 0.120 12.360 
Project Completion Period (years) 3.65 3.57 3.34 

Volatility of exchange rate: 30% 
Large 
(O-L) 

Medium 
(O-M) 

Small 
(O-S) 

Project Value (Millions RMB) 30092.03 11391.88 3303.33 
Project Value of Equivalent Oil Production 
Capacity (Millions RMB/Millions Barrels per 
year) 

2507.67 1898.65 1101.11 

Percentage of Paths Abandoned (%) 0.490 0.720 1.270 
Project Completion Period (years) 3.63 3.55 3.41 

 
 

Our results in Table 6 show that when we increase the volatility of exchange rate, the project values 
of the O-L and O-M in case 3 are larger than that of the base case. Compares to the base case, when we 
set the volatility of exchange rate at 15%, the project values of the O-L and O-M are increased by 
1.31% and 4.72%. And when we set the volatility at 30%, the project values of the O-L and O-M rise 
dramatically, increasing by 80.39% and 150.80% compared to that of the base case. With project value 
increases, the investment risks of the O-L and O-M in case 3 are all increased as the volatility of 
exchange rate increases (the investment risks of the O-L and O-M are 0.080% and 0.120% when the 
volatility of exchange rate is set at 15%, and are 0.490% and 0.720% when the volatility of exchange 
rate is set at 30%, which are all larger than that of the base case). Note in particular that the project 
value of O-S in case 3 has first decreased and then increased as the volatility of exchange rate increases 
(the value of O-S is decreased by 82.28% when exchange rate volatility is set at 15%, and is increased 
by 878.90%, compared to that of the base case when exchange rate volatility is set at 30%). As we set 
the U.S. dollar exchange rate along a trend of moving down in the long term in the base case, this 
downside trend causes a decline of cash flow converted into the oil company’s domestic currency, 
which may have a negative impact on the overseas oil project valuation. But the increase of exchange 
rate volatility will also increase the value of oil projects, and this impact is different from that of 
investment environment volatility.  

In case 3, as we mentioned above, the results for the O-S seem unusual to that of the O-L and O-M. 
So we undertake a sensitivity analysis of the O-S value by examining the volatility of exchange rate 
from 15% to 45%. 

 
  

Figure 3 Sensitivity Analysis of O-S to Exchange Rate Volatility 
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From Figure 3 we can see that, for project value of O-S, when we change the volatility of exchange 
rate from 7.55% to 45%, there is an inflection point of the value when the exchange rate volatility is 
15%. As the volatility increase from 7.55% to 15%, the value of O-S decreases from 337.45 millions 
RMB to 59.79 millions RMB. And as the volatility increase from 15% to 45%, the value of O-S 
increases from 59.79 millions RMB to 21618.39 millions RMB, which shows an obvious upward trend 
(as the exchange volatility increases from 15% to 30%, the project values of the O-L and O-M have 
increased by 78.06% and 139.51%. Meanwhile the O-S has increased by 5424.71%). Then we look at 
the investment risk, as an exchange rate volatility increases, it also shows a trend of decrease first and 
then increase. But the inflection point of percentage of paths abandoned is when the exchange rate 
volatility is 25%, which is not synchronized with that of the project value. So the valuation of the O-S 
is more complex and sensitive to the changes in exchange rate volatility.  

Uncertainties of investment environment have a negative impact on overseas oil project valuation 
and to some extent decrease the value of an overseas oil project. This effect is opposite to the effect of 
exchange rate uncertainty. And the increase in the volatilities of both investment environment and 
exchange rate will increase the investment risk of overseas oil projects. Moreover, the impacts of 
investment environment and exchange rate differ, depending on the sizes of oil fields. The impacts of 
investment environment and exchange rate on O-S are much larger than those on O-L and O-M. This 
means the project value of O-S is more complex and sensitive to the change of these two uncertainty 
factors. Therefore, the investment environment and exchange rate are also important considerations for 
overseas oil investment activities in the countries where most of their overseas oil projects are 
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classified as small sized oil fields. It should be pointed out that our estimates of the investment 
environment and exchange rate volatilities have considered the effects of correlation coefficients which 
are based on their historical data. However, as the volatilities of these two uncertainty factors rise, the 
correlation coefficients may change. So assuming these coefficients remain unchanged may to some 
extent lead to the inaccuracy of the results. To mitigate this effect, we set the high volatility of these 
factors in order to illustrate the trend of project value changes as investment environment and exchange 
rate volatilities increase. 

 
4.2.4 The case under oil resource tax systems  
Oil resource tax systems can be classified into two major categories: the royalty tax system and the 

PSC system. Under the royalty system, a fixed percentage agreed between a government and the oil 
company is charged on the gross oil production. The PSC system is similar to the royalty system except 
that the rate is applied after consideration of production costs. The PSC system predominates in 
Indonesia, the investee country in our paper. In recent years, oil resource investee countries have 
introduced different production sharing rates according to oil field production capacity to encourage 
foreign oil companies to develop their medium or small sized oil fields. Some countries also levy a 
windfall profits tax according to the level of oil price. In this section, we simulate the impacts of 
production sharing rates and windfall profits tax on the value of an overseas oil project. 

  
4.2.4.1 The impact simulation of ladder production sharing rates  
We first simulate the production sharing rates (case 4). As the production sharing rate (cost oil limit) 

is related to oil field quality, the oil company will negotiate with investee country to define the cost oil 
limit in PSC at the initial stage. In case 4 we keep the investee country’s cost oil limit in the O-M 
unchanged, but change the rate in the O-S from 2.00 to 2.40 million barrels/year (an increase) and in 
the O-L from 8.00 to 6.00 million barrels/year (a decrease). Our results in Table 7 show that when the 
cost oil limit rate increases from 66.67% to 80.00%, the project value of O-S increases by 217.63%. 

 
  

Table 7 Oil Project Values with Resource Ladder Production Sharing Rate in Case 4 
 

Case 4 Resource Production Sharing Oil field size 

Investee Country 
Large 
(O-L) 

Medium 
(O-M) 

Small 
(O-S) 

Project Value (Millions RMB) 10447.92 4542.24 1071.85 
Project Value of Equivalent Oil Production 
Capacity (Millions RMB/Millions Barrels per 
year) 

870.66 757.04 357.28 

Percentage of Paths Abandoned (%) 0.320 0.360 3.200 
Project Completion Period (years) 3.70 3.58 3.47 

 
 

By incorporating different production sharing rates in the model, the project value of O-L decreases 
significantly, the project value of equivalent oil production in the O-L being only slightly larger than 
that in the O-M. So the different oil production sharing rates can narrow the diversity between different 
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oil fields, providing greater benefits to the investee country with large sized oil fields. 
  
4.2.4.2 The impact of windfall profits tax  
We then simulate the windfall profits tax. In case 5, the threshold price of windfall profits tax is set 

at $US70/barrel and the tax rate at 20%.  
 
  

Table 8 Oil Project Values under Windfall Profits Tax in Case 5 
 

Case 5 Windfall profit tax Oil field size 

Investee Country 
Large 
(O-L) 

Medium 
(O-M) 

Small 
(O-S) 

Project Value (Millions RMB) 13202.16 2548.72 92.79 
Project Value of Equivalent Oil Production 
Capacity (Millions RMB/Millions Barrels per 
year) 

1100.18 424.79 30.93 

Percentage of Paths Abandoned (%) 0.600 0.880 53.720 
Project Completion Period (years) 3.66 3.58 2.91 

 
 

The results in Table 8 show windfall profits tax also has a negative impact on the oil project value. 
The project values of the three sizes of oil fields decrease, especially that of the O-S whose percentage 
of paths abandoned significantly rises to 53.720%. Therefore, in overseas oil investment, small sized 
oil fields will be most affected by the levy of windfall profits tax, with the investment risk having been 
increased by 172.32%.  

As the model is based on Monte Carlo simulation using a large sample, the model can better describe 
complex oil resource tax systems among different investee countries. Therefore, the model has good 
applicability for an evaluation of overseas oil investments.  

 
 

5. Conclusions and further work  
With the world’s oil use set to rise, companied with increasing world’s oil prices, adding new 

capacities to world oil supplies via oil overseas investment is seen as beneficial to all, and needs thus to 
be encouraged and appreciated. However, making overseas oil investment is a complex process, and a 
number of uncertainty factors play important roles in overseas oil development activities. Thus, the 
evaluation of overseas oil project should take into consider not only the uncertainties of oil price and 
investment cost, but also investment environment and exchange rate uncertainties. To help investors to 
make the informed decision in overseas oil investment, our paper first establishes an overseas oil 
investment evaluation model. Given that real options analysis is considered to better reflect the 
flexibility and impacts of uncertainty factors on the value of overseas oil investment than the NPV 
method, our model has considered a number of uncertainty factors by applying real options analysis 
and is solved by the LSM. We then employ the model to study and compare the values of three typical 
sized oil fields (large, medium, small) in overseas oil investment. 

Our results show that changes in oil price, exchange rate, and investment environment have different 
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impacts on different sized oil fields. In general, the project value and investment risk of O-S are more 
sensitive to changes in the uncertainty factors than those of O-L and O-M. For example, when the oil 
price level is US$40/barrel, it is not worth investing in O-S. The investment risk of O-L is very small. 
By contrast, changes in the uncertainty factors only have limited impacts on the project value and 
investment risk of O-L. Therefore, O-L is the preferred choice for an overseas oil investment.  

We also find that the investment risk of overseas oil investment may be underestimated if no 
consideration is given of the impacts of exchange rate and investment environment. Previously, the 
investor paid much attention to output commodity prices, tax rate, and interest rate, which have a direct 
relationship to investment evaluation. But our results show that the uncertainty in investment 
environment has a negative impact on overseas oil project valuation and shrinks the value of overseas 
oil project. Although the increase of exchange rate uncertainty can increase the value of overseas oil 
project, the investment risk will increase as well. Thus, when the exchange rate fluctuates significantly, 
the investor may need to consider some foreign exchange transactions in order to hedge the risk of 
exchange rate. Moreover, the valuation of O-S, to some extent, is more complex and sensitive due to 
the changes in investment environment and exchange rate uncertainties. Therefore, making overseas oil 
investment in small-sized oil fields should not only consider oil prices, tax rates, and interest rates, 
which are directly related to investment evaluation, but also should consider the investment 
environment and exchange rates in investment decisions.  

Furthermore, our analysis shows that there is an important trade off between oil resource investee 
country and overseas oil investor. On the one hand, to encourage foreign oil companies to develop their 
medium or small seized oil fields, oil resource investee countries prefer to adjust their resource tax 
systems to balance the resource valuation diversity among different size oil fields, in particular by 
means of production sharing rates. On the other hand, with oil price fluctuation in recent years, to 
obtain more oil development benefits, some investee countries also levy a windfall profits tax so that 
more oil revenue can remain in their country. Therefore, in the oil investment negotiation between the 
oil company and investee country, the oil company should first try to the extent possible to increase the 
cost oil limit in PSC for O-M and O-S in order to obtain more benefits in the development of such 
fields. Our results show that if the cost oil limit increases, the project value of O-S increases. Second, 
as small sized oil fields are more sensitive to windfall profits tax, the oil company also needs to avoid 
the term of a windfall profits tax in oil development contract in order to further reduce the investment 
risk of overseas small sized oil fields.  

Our model has incorporated a number of uncertainty factors to better reflect the reality of overseas 
oil investment. However, making overseas oil investment is a complex decision process. Although the 
real options model established in this paper adds extra functionality over existing models such as the 
NPV method, there are some limitations. First, the model does not consider the uncertainty of oil 
production capacity. In general, nearly all oil fields will to a varying degree suffer production decline. 
Second, a lot of oil companies are involved in overseas oil exploration activities. Therefore, how to 
combine the exploration process into our model is also an important issue. These issues are examples 
of interesting issues that need to be addressed in our future work. 

 
 

Acknowledgments 
Support from the National Natural Science Foundation of China under Grant No. 70825001 and No. 

71133005 is greatly acknowledged.  



 27

   
 
References  
1. Aguerrevere, F.L. 2003. Equilibrium Investment Strategies and Output Price Behavior: A 

Real-Options Approach. Review of Financial Studies 16 (4): 1239-1272.  
2. Brennan, M.J., Schwartz, E.S. 1985. Evaluating Natural Resource Investments. J. Business 58: 

135–157.  
3. Bar-Ilan, A., Strange, W.C. 1996. Investment Lags. American Economic Review 86 (3), 610-622.  
4. Conrad, J.M., Kotani, K. 2005. When to drill? Trigger prices for the Arctic National Wildlife 

Refuge. Resource and Energy Economics 27: 273–286.  
5. Copeland, T.E., Antikarov, V. 2005. Real Options: Meeting the Georgetown Challenge. Journal of 

Applied Corporate Finance 17(2): 32-51 
6. Dixit, A.K., Pindyck, R.S. 1994. Investment Under Uncertainty. Princeton University Press, 

Princeton NJ. 
7. Costa Lima, G.A., Suslick, S.B. 2006. Estimating the volatility of mining projects considering 

price and operating cost uncertainties. Resource Policy 31: 86–94. 
8. Davisa, G.A., Owens, B. 2003. Optimizing the level of renewable electric R&D expenditures 

using real options analysis. Energy Policy 31: 1589–1608.  
9. Fan, Y., Zhang, Y.J., Tsai, H.T., Wei, Y.M. 2008. Estimating ‘value at risk' of crude oil price and 

its spillover effect using the GED-GARCH approach. Energy Economics, 30 (6): 3156–3171. 
10. Fan, Y., Zhu, L. 2010. A Real Options Based Study on Overseas Oil Investment and its application 

in China’s Oversea Oil Investment. Energy Economics 32: 627-637.  
11. International Energy Agency (IEA). 2003. World Energy Investment Outlook. OECD/IEA, Paris.  
12. International Energy Agency (IEA). 2006. World Energy Outlook. OECD/IEA, Paris.  
13. Kulatilaka, N., Perotti, E.C.. 1998. Strategic growth options. Management Science 44 (8): 

1021-1031.  
14. Longstaff, F.A., Schwartz, E.S. 2001. Valuing American Options by Simulation: A Simple Least 

Square Approach.  Review of Financial Studies 14(1): 113-147.  
15. Majd, S., Pindyck., R.S. 1987. Time to build, option value, and investment decisions. Journal of 

Financial Economics 18 (1): 7-27.  
16. McDonald, R., Siegel, D. 1986. The value of waiting to invest. Quarterly Journal of Economics 

101(4): 707-727. 
17. Merton, R.C. 1973. The theory of rational option pricing. Bell J. Economics and Mgmt. Sci. 4: 

141–183. 
18. Myers, S.C. 1977. Determinants of Cooperate Borrowing. Journal of Financial Economics 5: 

147-175. 
19. Myers, S.C. 1984. Finance theory and financial strategy. Interfaces 14: 126–137. 
20. Nordal, K.B. 2001. Country risk, country risk indices and valuation of FDI: a real options 

approach. Emerging Markets Review 2: 197–217. 
21. Paddock, J.L., Siegel, D.R., Smith, J.L. 1988. Option valuation of claims on real assets: the case 

of offshore petroleum leases. Quarterly Journal of Economics 103: 479–508.  
22. Pindyck, R.S. 1999. The long-run evolution of energy prices. MIT-CEEPR working papers, 

available at:  http://mit.dspace.org/handle/1721.1/45087. 
23. Ross, S. 1978. A simple approach to the valuation of risky streams. Journal of Business 51(3): 



 28

453-475.  
24. Sarkar, S. 2000. On the investment-uncertainty relationship in a real options model. Journal of 

Economic Dynamics and Control 24: 219-225. 
25. Schwartz, E.S. 2004. Patents and R&D as Real Options. Economic Notes by Banca Monte dei 

Paschi di Siena SpA, 33: 23-54.  
26. Schwartz, E.S., Trolle, A.B. 2010. Pricing expropriation risk in natural resource contracts – A real 

options approach. In William Hogan and Federico Sturzenegger (eds.), The Natural Resource Trap, 
MIT Press.  

27. Smit, H.T.J., Trigeorgis, L. 2004. Strategic investment, real options and games. New Jersey: 
Princeton University Press.  

28. Smith, J.E., McCardle, K.F. 1996. Valuing oil properties: integrating option pricing and decision 
analysis approaches. Operations Research 46: 198–217. 

29. Smith, J.E., McCardle, K.F. 1999. Options in the real world: lessons learned in evaluating oil and 
gas investments. Operations Research 47: 1–15. 

30. Thompson, A.C. 2001. The Hotelling Principle, backwardation of futures prices and the values of 
developed petroleum reserves—the production constraint hypothesis. Resource and Energy 
Economics 23: 133–156. 

31. Tang, W.Q., Wu, L.B., Zhang, Z.X. 2010. Oil price shocks and their short- and long-term effects 
on the Chinese economy. Energy Economics 32 (Supplement 1): S3-S14. 

32. Wu, L.B., Li, J., Zhang, Z.X. 2011. Inflationary Effect of Oil-price Shocks in an Imperfect Market: 
A Partial Transmission Input-output Analysis, Fondazione Eni Enrico Mattei Working Paper No. 
579, Berkeley Electronic Press.  

 



NOTE DI LAVORO DELLA FONDAZIONE ENI ENRICO MATTEI 

Fondazione Eni Enrico Mattei Working Paper Series 

Our Note di Lavoro are available on the Internet at the following addresses: 
http://www.feem.it/getpage.aspx?id=73&sez=Publications&padre=20&tab=1 

http://papers.ssrn.com/sol3/JELJOUR_Results.cfm?form_name=journalbrowse&journal_id=266659 
http://ideas.repec.org/s/fem/femwpa.html 

http://www.econis.eu/LNG=EN/FAM?PPN=505954494 
http://ageconsearch.umn.edu/handle/35978 

http://www.bepress.com/feem/ 
 
 
 
 

NOTE DI LAVORO PUBLISHED IN 2011 
SD 1.2011 Anna Alberini, Will Gans and Daniel Velez-Lopez: Residential Consumption of Gas and Electricity in the U.S.: 

The Role of Prices and Income 
SD 2.2011 Alexander Golub, Daiju Narita and Matthias G.W. Schmidt: Uncertainty in Integrated Assessment Models of 

Climate Change: Alternative Analytical Approaches 
SD 3.2010 Reyer Gerlagh and Nicole A. Mathys: Energy Abundance, Trade and Industry Location 
SD 4.2010 Melania Michetti and Renato Nunes Rosa: Afforestation and Timber Management Compliance Strategies in 

Climate Policy. A Computable General Equilibrium Analysis 
SD 5.2011 Hassan Benchekroun and Amrita Ray Chaudhuri: “The Voracity Effect” and Climate Change: The Impact of 

Clean Technologies 
IM 6.2011 Sergio Mariotti, Marco Mutinelli, Marcella Nicolini and Lucia Piscitello: Productivity Spillovers from Foreign 

MNEs on Domestic Manufacturing Firms: Is Co-location Always a Plus? 
GC 7.2011 Marco Percoco: The Fight Against Geography: Malaria and Economic Development in Italian Regions 
GC 8.2011 Bin Dong and Benno Torgler: Democracy, Property Rights, Income Equality, and Corruption 
GC 9.2011 Bin Dong and Benno Torgler: Corruption and Social Interaction: Evidence from China 
SD 10.2011 Elisa Lanzi, Elena Verdolini and Ivan Haščič: Efficiency Improving Fossil Fuel Technologies for Electricity 

Generation: Data Selection and Trends 
SD 11.2011 Stergios Athanassoglou: Efficiency under a Combination of Ordinal and Cardinal Information on Preferences
SD 12.2011 Robin Cross, Andrew J. Plantinga and Robert N. Stavins: The Value of Terroir: Hedonic Estimation of 

Vineyard Sale Prices 
SD 13.2011 Charles F. Mason and Andrew J. Plantinga: Contracting for Impure Public Goods: Carbon Offsets and 

Additionality 
SD 14.2011 Alain Ayong Le Kama, Aude Pommeret and Fabien Prieur: Optimal Emission Policy under the Risk of 

Irreversible Pollution 
SD 15.2011 Philippe Quirion, Julie Rozenberg, Olivier Sassi and Adrien Vogt-Schilb: How CO2 Capture and Storage Can 

Mitigate Carbon Leakage 
SD 16.2011 Carlo Carraro and Emanuele Massetti: Energy and Climate Change in China 
SD 17.2011 ZhongXiang Zhang: Effective Environmental Protection in the Context of Government Decentralization 
SD 18.2011 Stergios Athanassoglou and Anastasios Xepapadeas: Pollution Control with Uncertain Stock Dynamics: 

When, and How, to be Precautious 
SD 19.2011 Jūratė Jaraitė and Corrado Di Maria: Efficiency, Productivity and Environmental Policy: A Case Study of 

Power Generation in the EU 
SD 20.2011 Giulio Cainelli, Massimiliano Mozzanti and Sandro Montresor: Environmental Innovations, Local Networks 

and Internationalization 
SD 21.2011 Gérard Mondello: Hazardous Activities and Civil Strict Liability: The Regulator’s Dilemma 
SD 22.2011 Haiyan Xu and ZhongXiang Zhang: A Trend Deduction Model of Fluctuating Oil Prices 
SD 23.2011 Athanasios Lapatinas, Anastasia Litina and Eftichios S. Sartzetakis: Corruption and Environmental Policy: 

An Alternative Perspective 
SD 24.2011 Emanuele Massetti: A Tale of Two Countries:Emissions Scenarios for China and India 
SD 25.2011 Xavier Pautrel: Abatement Technology and the Environment-Growth Nexus with Education 
SD 26.2011 Dionysis Latinopoulos and Eftichios Sartzetakis: Optimal Exploitation of Groundwater and the Potential for 

a Tradable Permit System in Irrigated Agriculture 
SD 27.2011 Benno Torgler and Marco Piatti. A Century of American Economic Review 
SD 28.2011 Stergios Athanassoglou, Glenn Sheriff, Tobias Siegfried and Woonghee Tim Huh: Optimal Mechanisms for 

Heterogeneous Multi-cell Aquifers 
SD 29.2011 Libo Wu, Jing Li and ZhongXiang Zhang: Inflationary Effect of Oil-Price Shocks in an Imperfect Market: A 

Partial Transmission Input-output Analysis  
SD 30.2011 Junko Mochizuki and ZhongXiang Zhang: Environmental Security and its Implications for China’s Foreign 

Relations 
SD 31.2011 Teng Fei, He Jiankun, Pan Xunzhang and Zhang Chi: How to Measure Carbon Equity: Carbon Gini Index 

Based on Historical Cumulative Emission Per Capita 
SD 32.2011 Dirk Rübbelke and Pia Weiss: Environmental Regulations, Market Structure and Technological Progress in 

Renewable Energy Technology — A Panel Data Study on Wind Turbines 
SD 33.2011 Nicola Doni and Giorgio Ricchiuti: Market Equilibrium in the Presence of Green Consumers and Responsible 

Firms: a Comparative Statics Analysis 



SD 34.2011 Gérard Mondello: Civil Liability, Safety and Nuclear Parks: Is Concentrated Management Better? 
SD 35.2011 Walid Marrouch and Amrita Ray Chaudhuri: International Environmental Agreements in the Presence of 

Adaptation 
ERM 36.2011 Will Gans, Anna Alberini and Alberto Longo: Smart Meter Devices and The Effect of Feedback on Residential 

Electricity Consumption: Evidence from a Natural Experiment in Northern Ireland 
ERM 37.2011 William K. Jaeger and Thorsten M. Egelkraut: Biofuel Economics in a Setting of Multiple Objectives & 

Unintended Consequences 
CCSD 38.2011 Kyriaki Remoundou, Fikret Adaman, Phoebe Koundouri and Paulo A.L.D. Nunes: Are Preferences for 

Environmental Quality Sensitive to Financial Funding Schemes? Evidence from a Marine Restoration 
Programme in the Black Sea 

CCSD 39.2011 Andrea Ghermanti and Paulo A.L.D. Nunes: A Global Map of Costal Recreation Values: Results From a 
Spatially Explicit Based Meta-Analysis 

CCSD 40.2011 Andries Richter, Anne Maria Eikeset, Daan van Soest, and Nils Chr. Stenseth: Towards the Optimal 
Management of the Northeast Arctic Cod Fishery 

CCSD 41.2011 Florian M. Biermann: A Measure to Compare Matchings in Marriage Markets 
CCSD 42.2011 Timo Hiller: Alliance Formation and Coercion in Networks 
CCSD 43.2011 Sunghoon Hong: Strategic Network Interdiction 
CCSD 44.2011 Arnold Polanski and Emiliya A. Lazarova: Dynamic Multilateral Markets 
CCSD 45.2011 Marco Mantovani, Georg Kirchsteiger, Ana Mauleon and Vincent Vannetelbosch: Myopic or Farsighted? An 

Experiment on Network Formation 
CCSD 46.2011 Rémy Oddou: The Effect of Spillovers and Congestion on the Segregative Properties of Endogenous 

Jurisdiction Structure Formation 
CCSD 47.2011 Emanuele Massetti and Elena Claire Ricci: Super-Grids and Concentrated Solar Power: A Scenario Analysis 

with the WITCH Model 
ERM 48.2011 Matthias Kalkuhl, Ottmar Edenhofer and Kai Lessmann: Renewable Energy Subsidies: Second-Best Policy or 

Fatal Aberration for Mitigation? 
CCSD 49.2011 ZhongXiang Zhang: Breaking the Impasse in International Climate Negotiations: A New Direction for 

Currently Flawed Negotiations and a Roadmap for China to 2050 
CCSD 50.2011 Emanuele Massetti and Robert Mendelsohn: Estimating Ricardian Models With Panel Data 
CCSD 51.2011 Y. Hossein Farzin and Kelly A. Grogan: Socioeconomic Factors and Water Quality in California 
CCSD 52.2011 Dinko Dimitrov and Shao Chin Sung: Size Monotonicity and Stability of the Core in Hedonic Games 
ES 53.2011 Giovanni Mastrobuoni and Paolo Pinotti: Migration Restrictions and Criminal Behavior: Evidence from a 

Natural Experiment 
ERM 54.2011 Alessandro Cologni and Matteo Manera: On the Economic Determinants of Oil Production. Theoretical 

Analysis and Empirical Evidence for Small Exporting Countries 
ERM 55.2011 Alessandro Cologni and Matteo Manera: Exogenous Oil Shocks, Fiscal Policy and Sector Reallocations in Oil 

Producing Countries 
ERM 56.2011 Morgan Bazilian, Patrick Nussbaumer, Giorgio Gualberti, Erik Haites, Michael Levi, Judy Siegel, Daniel M. 

Kammen and Joergen Fenhann: Informing the Financing of Universal Energy Access: An Assessment of 
Current Flows 

CCSD 57.2011 Carlo Orecchia and Maria Elisabetta Tessitore: Economic Growth and the Environment with Clean and Dirty 
Consumption 

ERM 58.2011 Wan-Jung Chou, Andrea Bigano, Alistair Hunt, Stephane La Branche, Anil Markandya and Roberta 
Pierfederici: Households’ WTP for the Reliability of Gas Supply 

ES 59.2011 Maria Comune, Alireza Naghavi and Giovanni Prarolo: Intellectual Property Rights and South-North 
Formation of Global Innovation Networks 

ES 60.2011 Alireza Naghavi and Chiara Strozzi: Intellectual Property Rights, Migration, and Diaspora 
CCSD 61.2011 Massimo Tavoni, Shoibal Chakravarty and Robert Socolow: Safe vs. Fair: A Formidable Trade-off in Tackling 

Climate Change 
CCSD 62.2011 Donatella Baiardi, Matteo Manera and Mario Menegatti: Consumption and Precautionary Saving: An 

Empirical Analysis under Both Financial and Environmental Risks 
ERM 63.2011 Caterina Gennaioli and Massimo Tavoni: Clean or “Dirty” Energy: Evidence on a Renewable Energy Resource 

Curse 
ES 64.2011 Angelo Antoci and Luca Zarri: Punish and Perish? 
ES 65.2011 Anders Akerman, Anna Larsson and Alireza Naghavi: Autocracies and Development in a Global Economy: A 

Tale of Two Elites 
CCSD 66.2011 Valentina Bosetti and Jeffrey Frankel: Sustainable Cooperation in Global Climate Policy: Specific Formulas 

and Emission Targets to Build on Copenhagen and Cancun 
CCSD 67.2011 Mattia Cai, Roberto Ferrise, Marco Moriondo, Paulo A.L.D. Nunes and Marco Bindi: Climate Change and 

Tourism in Tuscany, Italy. What if heat becomes unbearable? 
ERM 68.2011 Morgan Bazilian, Patrick Nussbaumer, Hans-Holger Rogner, Abeeku Brew-Hammond, Vivien Foster, Shonali 

Pachauri, Eric Williams, Mark Howells, Philippe Niyongabo, Lawrence Musaba, Brian Ó Gallachóir, Mark 
Radka and Daniel M. Kammen: Energy Access Scenarios to 2030 for the Power Sector in Sub-Saharan Africa

CCSD 69.2011 Francesco Bosello, Carlo Carraro and Enrica De Cian: Adaptation Can Help Mitigation: An Integrated 
Approach to Post-2012 Climate Policy 

ES 70.2011 Etienne Farvaque, Alexander Mihailov and Alireza Naghavi: The Grand Experiment of Communism: 
Discovering the Trade-off between Equality and Efficiency 

CCSD 71.2011 ZhongXiang Zhang: Who Should Bear the Cost of China’s Carbon Emissions Embodied in Goods for 
Exports? 



CCSD 72.2011 Francesca Pongiglione: Climate Change and Individual Decision Making: An Examination of Knowledge, Risk 
Perception, Self-interest and Their Interplay 

CCSD 73.2011 Joseph E. Aldy and Robert N. Stavins: Using the Market to Address Climate Change: Insights from Theory 
and Experience 

CCSD 74.2011 Alexander Brauneis and Michael Loretz: Inducing Low-Carbon Investment in the Electric Power Industry 
through a Price Floor for Emissions Trading 

CCSD 75.2011 Jean-Marie Grether, Nicole A. Mathys and Jaime de Melo: Unravelling the Worldwide Pollution Haven Effect 
ES 76.2011 Benjamin Elsner: Emigration and Wages: The EU Enlargement Experiment 
CCSD 77.2011 ZhongXiang Zhang: Trade in Environmental Goods, with Focus on Climate-Friendly Goods and Technologies
ES 78.2011 Alireza Naghavi, Julia Spies and Farid Toubal: International Sourcing, Product Complexity and Intellectual 

Property Rights 
CCSD 79.2011 Mare Sarr and Tim Swanson: Intellectual Property and Biodiversity: When and Where are Property Rights 

Important? 
CCSD 80.2011 Valentina Bosetti, Sergey Paltsev, John Reilly and Carlo Carraro: Emissions Pricing to Stabilize Global 

Climate 
CCSD 81.2011 Valentina Borsetti and Enrica De Cian: A Good Opening: The Key to Make the Most of Unilateral Climate 

Action 
CCSD 82.2011 Joseph E. Aldy and Robert N. Stavins: The Promise and Problems of Pricing Carbon: Theory and Experience 
CCSD 83.2011 Lei Zhu, ZhongXiang Zhang and Ying Fan: An Evaluation of Overseas Oil Investment Projects under 

Uncertainty Using a Real Options Based Simulation Model 
 




