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Overview

This paper examines the effect of environmental policies on the abatement investment decisions of a competitive firm facing pollution uncertainty. The relationship between economic decisions and pollution dynamics has been extensively studied over the last decade. The typical problem analyzed concerns the optimal timing of a discrete policy that a society or a government should adopt to reduce emissions of some environmental pollutant. 

More recently, Lin and Huang (2011), and Saltari and Travaglini (2011) (hereafter, LH and ST) extended the basic model of option value, shifting the attention from the social net benefits of a policy to the private net benefits of a firm investing in clean capital goods. Both these papers are related to the literature on optimal stopping time, but they start from different assumptions and reach different results.
Specifically, LH study the entry and exit strategy in energy industry, using an option value approach which allows managing the flexibility of environmental real assets. They combine the concept of Tobin's q and the concept of real option to determine the optimal stopping time of adopting a new energy-saving project. As they show, the greater uncertainty makes waiting more valuable relative to investing at once, reducing the present value of the active green firm relative to the idle.
However, ST argue that in many situations investments are made sequentially by the firm choosing the time path of its stock of capital. Following this idea, ST examine the impacts of environmental policies aimed at stimulating private investment in pollution abatement capital. In their framework, the firm operates in a competitive market, capital is irreversible, and pollution follows a geometric Brownian motion. Basically, aggregate pollution is an externality which affects the investment decisions of any single firm. They show that environmental policies promoted to enforce abatement capital may generate the unexpected result of reducing the firm value and the abatement investment rate. Interestingly, ST underline that their results generalize LH's results because their model not only provides the optimal stopping time of the investment strategy but also how much to invest in a new abatement project at each instant of time.

The model developed herein is a version of ST which studies the effects of environmental policies under pollution uncertainty with reversible capital. The main issues addressed by the paper are: is the blend between irreversibility and uncertainty a necessary condition to determine the counterintuitive effects of environmental policies on investment decisions of a firm? Are taxes and subsidies equivalent instruments to stimulate abatement investments?
Methods
To investigate these questions, we scrutinize the properties of an investment model where pollution follows a diffusion process and abatement capital is reversible. Assumptions:

1. The stock of aggregate pollution is summarized by the state variable pt, which following geometric Brownian motion:
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2. Pollution enters as a negative externality in the production function, decreasing the productivity of inputs. Conceptually, we treat aggregate pollution as a negative technical change:
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3. Because the polluting input Ut can be instantaneously adjusted, the firm chooses this input to maximize the operating profit:
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is the marginal revenue of abatement capital at time t.

4. The firm maximize its value given by the present value of future expected cash flows
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Given this assumptions, we determine:

· the optimal investment A* in abatement capital by maximizing value of the rents obtained from undertaking investment
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· the value of the firm 
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where q is the marginal value of the firm
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and G(p) is the present value of rents.

Results

· Taxes: An increase in tax rate τ rises the opportunity cost to invest in abatement capital for any given pollution level. If taxes on polluting inputs have the indirect effect to reduce the after-tax return of capital, the firm will find optimal to decrease its long-run stock of abatement capital. In principle, an externality can be corrected imposing a tax to internalize the cost. In our framework taxes introduced to limit the use of polluting inputs affect negatively the operating profit, and, eventually, reduce the value of the firm and the optimal level of abatement capital.

· Subsidies: The effect of a change in the subsidy η on abatement investment decisions is ambiguous. At first sight, this result may appear counterintuitive. The ambiguity of the relationship depends on two features: subsidies affect directly the cost of the investment rate, without affecting the marginal operating profit; the adjustment cost function is convex, and this non linearity affects the optimal investment decision. When the subsidy increases the firm finds optimal to change its rate of investment, but the final effects of this reallocation of inputs depends on the initial value q, meaning that the effect of the change in the subsidy is a priori indeterminate. The most noteworthy consequence is that it might be incorrect to assert that a subsidy stimulates the firm to increase the stock of abatement capital.

· Uncertainty: A higher pollution uncertainty can affect positively the present value of both q value and rents. But as pollution rises, the operating profit, and the corresponding q value, becomes smaller. That is, after a critical value of the pollution the value of the firm becomes concave in p. Therefore, if the stock of pollution is relatively low, the rising of σ² tends to increase the value of the firm and the corresponding abatement investment, whereas if the stock of pollution is relatively high, the rising of σ² has a negative impact on the firm. Thus, the impact of pollution uncertainty is indeterminate.

Conclusions

In this paper we studied the composite effect of uncertainty and pollution on abatement investment and the value of a green firm in presence of quadratic adjustment costs. We get three main conclusions:

· Corrective taxes will not have the same effect as subsidies, and that subsidies will generally be more efficient in stimulating abatement investment. 

· Environmental policies can have an ambiguous impact on investment decisions, even leading to a decrease in the optimal abatement investment rate, depending on the magnitudes of parameters which affect the operating profit and the rents accruing to the firm because of the presence of adjustment costs.

· Finally, and for the same reasons, pollution uncertainty has an ambiguous impact on the value of the firm, and thus on the abatement investment decisions.
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