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[bookmark: _Toc15939930]SUMMARY
The thesis: "Investment decisions under uncertainty – The case of carbon taxation in developing countries" takes Vietnam as a typical one, aims to study the impact of uncertainties related to the carbon taxation on the investment decision, the choices of capital/technology level and the labor level of the FDI firm into the large asset project which is also known as irreversible project as McDonald & Siegel (1986), in Vietnam.
The thesis focuses on building the theoretical model based on the basic model of corporate profit function (Varian, 1992), reflecting the relationship between firm’s profit and main inputs such as capital/technology (K) and labor (L), and other costs, including carbon taxation costs. Theoretical model was developed using optimization algorithms and simulations using hypothetical approximate data.
The thesis provides theoretical findings that the application of carbon taxation has the negative effect that lowering the investment level of the firm, however, at the same time, it also has the positive effect of restricting investors with low technology level and encouraging investors with higher technology level at the same carbon tax rate. Thus, if the carbon tax is used as a regulatory tool, the government may develop policies that will encourage high-tech investors leading to the higher quality of foreign investment in Vietnam. 
[bookmark: _Toc15939931]CHAPTER 1: OVERVIEW OF RESEARCH
[bookmark: _Toc15939932]1.1. Research setting and motivations
[bookmark: _Toc15939933]Since the issuance of United Nations’ Climate Change Declaration in 1992 and after that there were many countries entering the Kyoto Convention 1997, to commit cutting greenhouse gas emissions by several measures in which carbon taxation is a prime example. Some developing countries like Vietnam are not yet committed to the immediate adoption of compulsory carbon emission reductions such as carbon taxes, but it could be possible in the near future. Therefore, it can be reasonably said that the future investment environment in Vietnam is likely to be characterized by uncertainties related to carbon taxation that could be imposed on carbon emissions-generating projects and fossil energy extensive projects (energy based on coal, oil and natural gas). This raises the question that what behavioral reaction of investors to carbon tax uncertainties when they are planning to invest in non-carbon taxed countries as Vietnam?
1.2. Research targets and research questions.
[bookmark: _Toc15939934]1.2.1. Research targets.
The thesis will focus on discovering new theory by building mathematical economic model which is profit function of firm in investment project including uncertain factors of carbon taxation. 
[bookmark: _Toc15939935]1.2.2. Research questions
(1) How are effects of carbon taxation uncertainties on investors’ investment decision in irreversible FDI projects? 
(2) What are the capital / technology and labor levels selected by the investors in irreversible FDI projects? 
[bookmark: _Toc15939936]1.3. Research objectives and scope of research.
[bookmark: _Toc15939937]1.3.1. Research objectives.
The main objective of the thesis is the firm’s investment decision in the irreversible project under the uncertainties associated with the carbon taxation. 
[bookmark: _Toc15939938]1.3.2. Scope of research 
The scope of the research is large fixed assets of foreign companies in Vietnam that cause carbon emissions and therefore there are potential uncertainty/carbon tax risks in these projects.
[bookmark: _Toc15939939]1.4. Methodology.
The thesis has applied quantitative approach by mathematical modeling and simulation techniques using reasonable assumption data and collected data in practices if available. The choice of research method is considered on the nature of the research nature, the relevant studies published on high ranking academic journals.
[bookmark: _Toc15939942]CHAPTER 2: THEORETICAL FRAMEWORK AND EMPIRICAL EVIDENCES
[bookmark: _Toc15939943]2.1 The firm and investment operation.
[bookmark: _Toc15939944]2.1.1 The rationality of the firm’s investment decision.
Modern firms including large family owned ones, are typically led and managed by a team of closely-governed managers based on strict internal governance policies designed to ensure all operations of a business are directed towards maximizing profits, or maximizing dividends for shareholders, agreed and strictly adhered to by board members (Bernard S. Black, Hasung Jang & Woochan Kim, 2006). These internal governance policies can be always changed according to the actual situation of production and business activities in order to maximize profits. As a result, decisions made by the firm as an investor tend to make rational decisions, based on the best possible information, reliable evidence, and appropriate arguments, limiting sentimental views/arguments (Carlton & Perloff, 2015).
When investing in the project, rational investors always consider: (1) all uncertainties/risks into evaluation model to calculate; (2) always pursuing the maximized profit by different ways in which decision of optimal capital and labour levels are key consideration. 
[bookmark: _Toc15939945]2.1.2 Methods of project appraisal.
The thesis devoted section 2.1.2 to discuss about traditional method of project appraisal in Vietnam as DCF and ROA in the world. The thesis also suggests to carry our empirical research of using DCF and ROA for the same project to compare diffenrces/advantages of each method. 
[bookmark: _Toc15939946]2.1.3 Uncertainty and risk.
[bookmark: _Toc15939947]The thesis discusses to distinguish two concepts of uncertainty and risks. When evaluating financial viability of a project, uncertainties affecting project’s financial feasibility will be converted into risk (based on probability of occurrence and size of such the risk) so that the investors can calculate project financial indicators (such as NPV) or economic profit function of the project (profit function).
2.1.4 Classification of investors based on risk response.
According to Wiseman & Gomez-Mejia (1998), there are 5 types of investors based on their reponses to the risk as Table 2.1.4 below.
Table 2.1.4: Classifying investors according to risks
	Type of investor
	Reponses to risk

	Risk adversion
	Prefering lower risk options at the expense of return.

	Risk bearing
	Perceived risk to agent wealth that can result from employment risk or other threat to agent wealth.

	Risk neutral
	Prefering options with highest expected value and in which the risk is fully compensated.

	Risk seeking (loving)
	Accepting the options in which the risk is not fully compensated in hopes of realizing the up-side potential of the option 

	Risk taking
	Choice of investment risk from among the firm investment opportunities.


Source : Wiseman & Gomez-Mejia (1998)
[bookmark: _Toc15939948]2.2 Foreign direct investment and its impact factors.
[bookmark: _Toc15939949]2.3 Irreversible project
Investment project can be divided into irreversible and reversible project as McDonald & Siegel (1986): Bertola (1998), representing by sunk cost as the cost that the investor s need to spend until the decision time for investing or not investing. Pindyck (1990) argued that most of large-scale projects such as investments in refineries, power plants, steel, chemical plants requires multiple stages of design and considerable cost of project preparation. Usually, the large asset project has two important characteristics: (1) irreversibility : in the period of investment preparation or project execution, if the investor cancels the project, the entire expenditure up to the time of cancellation will be lost (becoming sunk cost) because the developed results of the project until the time of cancellation cannot be used for other economic purposes; (2) Irreversible projects may be paused for more positive information so that the investors can be able to make investment decision, such as the rise of product/service prices, lower initial investment cost, better policies for the project.
[bookmark: _Toc15939950]2.4 Investment decision under uncertainties
Table 2.4: Summary of related theoretical/empirical studies on investment decisions under uncertainties.
	Authors
	Model & forms of function
	Main variables
	Basic assumptions

	Lucas (1971)
	Value of the firm (V) Cobb-Douglas production function with K and L are two main variables
	Product price (p), production volume (q), investment level (x), discount rate (β), according to time (t)
	(1)Firm always maximize their profit;(2) production function is constant returns to scale.

	Abel (1983)
	Cobb-Douglas production function 
	Captial stock (K) and labor level (L), price fluctuation,
	(1) Firm always maximize their profit; (2) Competitive market, risk neutral firm; 


	Caballero (1991); Hartman (1972), Abel (1983, 1984, 1985).
	Value of firm (V) in perfect competition and imperfect competition market.

	Profit function (𝜫) capital stock (K); labor level (L), cost of capital and other cost
	(1) Perfect and imperfect competition market; (2) Constant economy of scale; (3) Risk neutral firm

	Abel & Eberly (1994) 

	Value of firm (V) is the sum of expected present value of operating profit (𝜫) minus the sum of operational cost.
	Capital stock (K), labor level (L)
Shadow priec (q) of installed capital
Product price (p); technology (ɛ); 
	Firm always maximize their firm value by solving the optimization of firm value (V) according to (K) and (L) as main variable.

	Sekar (2005)
	Case study of project appraisal for caol fired power project with different technology.
Function of NPV/RO in explicit form (numerical function in stead of variable function.
	Explicit number of initial investment capital, carbon emission volumeand cost of carbon taxes.
	Author using explicit data to calculate and compare three investmet plans, using the basic assumption as of NPV.


Source: Summary by author 
[bookmark: _Toc15939951]2.5 Investment decisions under carbon taxation uncertainties
[bookmark: _Toc15939952]2.5.1 Carbon taxes and carbon leakages
In response to the carbon taxation policies in a country, the producers in carbon-taxed country will have several options as follow. 
(1) Firms who have to pay carbon taxes may decide to invest in greener (less carbon emissions) technologies in comparison with the currently being used technology to lower carbon emission rate. However, products produced by green technology will be less competitive in price than products produced by old technology. In addition, it will take considerable time for such the technology transformation from the current one to the greener technology.
2) The firm will retain the old technology but they will separate the production segment: they can hire other firms in a non-carbon taxed countries to produce a heavily carbon emission parts of products and then import that components back to the mainland to assemble the finished product (Wei et al, 2016).
 (3) The most strategic option of the firm in the medium and long term is that the firm may consider deciding to move their existing production equipment to invest in non-carbon taxed countries (investment to void carbon taxes or carbon leakages).
[bookmark: _Toc3037336][bookmark: _Toc15939953]2.5.2 Taxpayers and rates of carbon tax.
In this section, the thesis discusses taxable objects and carbon tax rates in some developed countries. 
[bookmark: _Toc15939954]2.5.3 Investment decision under carbon taxation uncertainties
If rational investors do not know exactly what the carbon tax rates will be and when they will be imposed, they will consider these two issues as two uncertainties that need to be reflected in the investment decision by estimating probability of occurance and size of these risks. In other words, investors will transform uncertainty into risk that can be quantified and combined into the project profit function.

[bookmark: _Toc15939955]2.6 Research gaps
[bookmark: _Toc15939956]2.6.1 Research gap 1
Only a few researches on the effects of carbon taxes on investment decisions are made in the form of case studies for a certain type of project such as researches of Sekar (2005); Shahnazari & et al (2014) about the carbon taxation related uncertainties affecting coal-fired power project in Australia; Reedman & et al (2006) applied ROA to model technology selection in the context of carbon taxation related uncertainties for the Australian power generation sector. These above studies could be valid for the same type of project, but it is not convincible to use these results to generalize into macro policies for other types of investment projects in whole sector or the whole economy. 
It can be concluded that the research about the uncertainties of carbon taxation on investment decisions of the firms into irreversible projects is still very limited. This leaves the first research gap on which this thesis will focus on.
[bookmark: _Toc15939957]2.6.1 Research gap 2
Through the analysis of theoretical researches on the effects of general uncertainties and tax related uncertainties in particular, on the firm’ s investment decision into irreversible project as summarized in section 2.4, it could be seen that the theoretical models mainly focus on impacts of such uncertainties on capital level (K) of investment project. However, these researches did not pay attention on how these uncertainties will impact on the ratio of K over L (K/L ratio) which is called as the capital-labor ratio. This ratio is an important indicator of the level of technology in investment project as Sollow (1957); Kim (1997); Broersma & Oosterhaven (2004); Frenken & et.al (2007).
This is the second research gap that the thesis will be expected to discover any useful evidences as a basis for policy development which will contribute to increasing capital/technology level and quality of labor in investment projects in general and FDI in particular. 
[bookmark: _Toc529735886][bookmark: _Toc15939959]CHAPTER 3: RESEARCH METHOD
[bookmark: _Toc529735887][bookmark: _Toc15939960]3.1 Selection of research methods.
After consideration, the quantitative research approach is selected by building the mathematical economic model, developing it by mathematical technique, calculating the results and performing simulations with hypothetical data. This method can be considered as appropriate approach for theoretical research. Simon & Blume (1994) concluded that mathematical modeling is a valuable tool for economists at various levels of research. According to Lawson & Marion (2008), an algorithmic modeling tool has the following strengths: (1) An algorithm is the correct language for establishing formulas for elements and assumptions in research model; (2) algorithm is a concise language with clear rules for detailed development and computation; (3) mathematical calculation techniques have been validated for hundreds of years; (4) Today development of computational software allows to carry out complex calculations with the highest accuracy.
[bookmark: _Toc529735888][bookmark: _Toc15939961]3.2 Research model
Based on the above discussion, the profit function model according to Varian (1992) was constructed in general and put into development, calculated as follows:

Where:
- 𝜫: the profit function of the firm.
- F (K, L): is the production volume of the firm depending on capital level (K) and labor level (L).
- C (r, w): is the cost of the business operation depending on the cost of capital (r) and labor wage (w), not including the cost of carbon tax.
- T (τ): is the cost of carbon tax that the firm needs to pay when the government imposes carbon tax on the volume of carbon emission.
- p is average selling price of products
[bookmark: _Toc3037345][bookmark: _Toc15939962][bookmark: _Toc529735889]3.3 Model development based risk response of investors.
Based on investors’ response to risk, according to Wiseman & Gomez-Mejia (1998), there are 5 types of investors mentioned as Table 2.1 Section 2.1.4. However, if the investor is classified according to the size (risk cost) of the risk that the investor accepts when making an investment decision, assuming the same probability occurs, there are two types of typical investors below:
(1) Risk adverse investors: Investors do not bear risk risks or only take risks at a very low level and thus, the profit function for deciding investment must include the highest cost of carbon tax with a probability of 100% or equal to 1. Then we have the profit function of risk adverse investor is as follows.
𝜫 = pF(K,L) – C(r,w) - T(τ)
(2) Risk-taking investor: In contrast to risk-adverse investors, the profit function for investment decision of risk taker will not combine carbon tax costs as riask taking investors take risks and will consider that risk of carbon tax could be zero. The profit function of risk taking investor will take the following form.
𝜫 = pF(K,L) – C(r,w)
[bookmark: _Toc15939963]3.4 Optimization techniques by maths.
To answer the thesis's research questions, it is necessary to find pairs of K and L, so that (𝜫) is maximized with the assumption that the remaining variables are given. Then optimization techniques are implemented as follows:
- Step 1: Consider reasonable assumptions close to practice and in accordance to common managerial, financial and tax economics, to ensure that the profit function (𝜫) has economic significance and can be developed and solved mathematically. Specifically, the values p (product price), K (capital), L (labor), r (cost price), w (salary), τ (tax rate), must be positive.
- Step 2: We apply the rule of first-order derivative according to variable K and variable L, and set up the system of two equations of two variables K, and L.
- Step 3: Solve the two-variable equation system with reasonable assumptions to find optimum value pair K * and L *, so that the profit value (𝜫) reaches the maximum. Rational investors has a tendency to pursue and maximize their profits by investing at K * and L *.
[bookmark: _Toc15939964]3.5 Simulation of research results 
As Pindyck (1990, page 48) suggested that simulations can be used as a tool to test the effects of "irreversible nature" and uncertainty on investment decision. After developing of model, the calculation of the results by optimization techniques will be presented in Chapter 4. Then, the thesis applies the technique of simulation in the form of numerical solution by Math Lab software.
[bookmark: _Toc15939965]3.6 Simulated data
	Due to the inability to collect sufficient real data of large asset investment projects in both quantitative and qualitative manner for simulation, the assumed data will be reasonably created for numerical solutions.
[bookmark: _Toc15939967]CHAPTER 4: INVESTMENT DECISIONS UNDER UNCERTAINTIES OF CARBON TAXATION
[bookmark: _Toc15939968]4.1. The Basic model 
As discussed in Chapter 3, the profit function of a firm by Varian (1992) is used as the basis function for estimating and modeling investment decisions by algorithm techniques as follows. As rationale investors, they will invest when: max 𝜫 ≥0.
𝜫 = pF(K,L) – C(r,w)
If the symbol (τ) is the tax payable by the investor, the function 𝜫 is expanded as follows:
𝜫 = pF(K,L) – C(r,w) - T(τ) 
or 𝜫 = pAKαLβ − rK – wL – T(τ)
- A is total factor productivity. Normally, the higher technology leads to higher value of A.
In order to simplify the mathematical work without changing the nature of the model, it is assumed that p = 1 because K is assumed to be amount of capital, not the number of machinery, productivity A = 1 and without inflation (δ) and the discount rate of the project over the years is assumed to be zero over project life cycle (£ = 0). Because of the discount rate, inflation is always assumed in the calculation of NPV as constant; we have the profit function as follows:
𝜫 = KαLβ − rK – wL – T(τ)
4.2 Modeling the cases of carbon and non-carbon taxation
In these cases, we consider the profit function of a foreign-invested firm from carbon taxed country in projects in developing countries such as Vietnam for two cases (4.2.1) without carbon taxes applied; and (4.2.2) with the applicable carbon tax. Then, we find the optimum values of {K1* and L1*, {K2* and L2*} in both cases by taking the first order derivative according to K, L and then solving the equation system to find K and L. Then, comparing {K1* & K2*} and {L1* &L2*} in both cases, we could propose theorem 1 as below.
[bookmark: _Toc15939969]4.2.1 The case of non-carbon taxation 
We have the following profit function in case the government has not yet applied carbon taxation.   
  
Then, we have the optimum values of K1* and L1* as below                  
         
By the same methematical development, we have the     as below.
         
[bookmark: _Toc15939970]4.2.2 Modelling the case of carbon taxation
By taking the same method and technique as the section 4.2.1, we have the below.
         
By the same methematical development, we have the     as below.
         
+ Theorem 1: We decalare the theorem 1 (proposition 1) as follows.
If a non-carbon taxed country has imposed a carbon tax on carbon emission producers/investors, and the investors decide to invest: They would invest at the optimal levels of {K2*, L2*} smaller than the levels of {K1*, L1*}  in case of non- carbon taxation.
[bookmark: _Toc15939971]4.3 The ratio of capital/labor in case of carbon and non-carbon taxation.
+ Theorem 2 (Proposition 2): When a country has applied the carbon tax and if the firm decides to invest, they would invest at optimum capital (K) and optimum labor (L) which have the ratio of optimal capital over labor level higher than that ratio in the case of non-carbon taxation. 
[bookmark: _Toc15939972]4.4 Modeling the case of uncertain timing in application of carbon taxation 
+ Theorem 3 (Proposition 3): If the government of non- carbon taxed country is going to apply carbon tax and they announce the timing of when the carbon tax will be imposed, the investors would decide to invest at higher capital and labor level than those in the case of non-announcement. 
[bookmark: _Toc15939975]4.5 Modeling the case of investors with different technology level
+ Theorem 4 (Proposition 4): When the government of a country has applied a carbon tax on carbon emission investors, it would encourage the investment level of investors who have low carbon emission level in comparison to investors who have higher carbon emission level.
[bookmark: _Toc15939978]4.6 Numerical results of simulation from the case of carbon and non-carbon taxation. 
[bookmark: _Toc15939979]4.6.1 Assumed data
Table 4.6.1: Assumed Data for Simulation
	Abbreviation
	Assumed Value

	( r )
	15% or 0.15

	(w)
	800 USD

	(α)
	0.3 as Ashfaq Ahmad & Muhammad Khan (2015)

	(β)
	0.6 as Ashfaq Ahmad & Muhammad Khan (2015)

	(θ)
	0.004 : current carbon coeficient of coal fired power

	(p)
	1 

	(τ)
	10,50,100,150 USD/Ton

	 (𝜫*), K* and L* depend on (τ).
	???


[bookmark: _Toc15939980]4.6.2 Numerical results by graphs
Table 4.6.2: Calculation of optimized values K*, L* và Π *
	
	10
	50
	100
	150

	 
	1.0e-17 *
0.189321481108516
	1.0e-17 *
0.030576476160000
	1.0e-17 *
0.001721868840000
	1.0e-17 *
0.000029859840000

	
	0
	-0.838494417110154
	-0.943686485290527
	-0.982658470084167

	
	1.0e-21 * 0.709955554156934
	1.0e-21 * 0.114661785599999
	1.0e-21 * 0.006457008150000
	1.0e-21 * 0.000111974400000

	
	0
	-0.838494417110154
	-0.943686485290527
	-0.982658470084167

	Profit 
	1.0e-19 *  0.946607405542602
	1.0e-19 * 0.152882380800003
	1.0e-19 * 0.008609344200000
	1.0e-19 *  0.000149299200000


The simulation results performed for 5 cases of carbon taxes are 0, 10, 50, 100 and 150 USD/ton respectively, showing that the values of K *, L * and Π * decrease when the tax increases as the conclusion of Proposition 1. 
[bookmark: _Toc15939982]CHAPTER 5: POLICY AND MANAGERIAL IMPLICATIONS
[bookmark: _Toc15939983]5.1 General conclusions
This research is applied the quantitative method by mathematical modeling to examine impacts of carbon taxation related uncertainties on profit levels of the firm and thus reflecting the firm behaviors in investment decision. If the research results of mathematical modeling are accepted, there will be able to expand to other uncertainties affecting the firm profit and thank to its results, we could design additional and suitable policies to reduce both uncertain level of and number of uncertainties which help increasing FDI instead of using the traditional solutions such as tax reduction, lower land rentals, etc.
In another hand, this thesis also provides a new idea that the carbon taxes could be used to reduce lower technology investors while encouraging the higher ones. 
Under different cases of modeling, the results of algorithmic modeling and calculations show the interesting implication as follows.
Firstly, when comparing two cases with and without carbon taxation, it is clear that the application of carbon taxation will reduce the investor's optimal capital stock and labor level (Theory 1). However, the optimal capital/labor ratio in the case of carbon tax is higher than that of the case without carbon tax, suggesting that carbon taxation is effective to increase technology level in their project (Theory 2).
 Secondly, when investors consider investing in a non-carbon taxed country, they will concern the uncertainties of carbon taxation such as: when will the government apply carbon tax? For the investor who is not risk taker, they will determine the worst case: the government will apply carbon taxation as soon as on the first year of their project life cycle. Therefore, they will choose low optimal capital/ technology and labor levels which are equal to case of carbon tax applied (Theory 3).
Thirdly, when the government has applied carbon taxation that will tends to lead investors with lower emission rate investing at the higher ratio of capital/labor in comparison with that ratio of higher emission investor. (Theory 4).
[bookmark: _Toc15939984]5.2. Policy and managerial implications
From the results of model development and calculations in different cases of carbon taxation related uncertainties affecting corporate profits, we have some policy implications as follows.
[bookmark: _Toc15939985]5.2.1 Policy implications
+ Policy to attract FDI
The government should inform in advance their schedule of imposing carbon taxation and possible carbon tax rates. It will help investors reducing uncertainties related to carbon taxation. 
The advance notice of the possibility of applying carbon taxes should be formulated based on scientific foundation of signaling theory and information asymmetry, to ensure that investors are gradually receiving the information related to the process of preparing and imposing carbon tax, expected tax rates, taxpayers, tax bases, etc. 
To reduce the risk to investors in terms of carbon tax rates, governments need to actively study regional and international carbon tax rates in order to provide a reasonable carbon tax rate to investors, still ensuring the regional competition in investment attraction.
+ Attracting high technology investors for better environment:
Carbon taxation should be considered to apply in order to limit low-tech investors (expressed as carbon emission rate) because the high-tech investors (with lower emission rates) tend to invest at higher in capital/labor than in low-technology investor (higher emission rates). 
[bookmark: _Toc15939986]5.2.2 Managerial implications
Firstly, managers/CEO should bear in mind that uncertainty is different from risk. Not all uncertainties become the risks and they could make influence to calrify uncertainties to be risk or nothing.  
Secondly, the manager needs to incorporate uncertainties related to carbon taxes in the project profit model for better project appraisal. In addition, managers should identify and clarify uncertainties related to carbon taxes and other uncertainties as soon as possible in the project preparation time. 
[bookmark: _Toc15939987]5.3 Research limitations and recommendation for further research directions
[bookmark: _Toc15939988]5.3.1 Research limitations
The study focuses on theoretical research and uses hypothetical simulation to illustrate the results of the mathematical modeling. Then, the hypothetical data is employed to illustrate the theoretical results better. However, the hypothetical data cannot replace empirical data. 
The responses of investors with carbon taxation related uncertainties are different depending on their psychological characteristics such as risk taker, risk neutral or risk adverse. This thesis does not include such characteristics in the research model, but assuming that all investors are equal in risk tolerance.
[bookmark: _Toc15939989]5.3.2 Recommendation for further research directions
Firstly, it may be necessary to develop deeper into the methods of project appraisal, especially the method of real option analysis that has been proposed by many scholars in the world for its benefit in acse of project appraisal for large fixed assets. 
The next research direction should be to study how to design the optimal level of carbon tax to eliminate low technology investors with high carbon emission level. 
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