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Abstract

Water quality protection policy in the U.S. has been based on the provision of financial incentives to farmers for adopting improved nutrient management practices. The increasing reliance on subsidy programs has resulted in expectations for such programs in the future. While the debate on whether to institute a subsidy program proceeds in the administration, farmers wait upon the outcome and their waiting implies a delay in the control of non-point source pollution. This paper analyzes the extent to which uncertainty about cost-share subsidy policies aimed at achieving pollution reductions would impact adoption decision. Application of the model to adoption of site-specific technologies in agriculture indicates that uncertainty about cost-share subsidy policies significantly impacts the investment decision. When there is currently no cost-share subsidy, an increase in the probability of an expected policy delays adoption. If the policy is in effect, an increase in the probability of a withdrawal of the program encourages investment. Cost-share subsidy policy is most effective when it is immediately offered to farmers and guaranteed that it will be removed soon. 

Key Words: policy uncertainty, green payments, real options, site-specific technologies.

1. Introduction                  

Public concerns about adverse impacts of agricultural production on water quality and implementation of Total Maximum Daily Load (TMDL) Standards for streams and lakes have drawn attention towards policies for environmental improvements from agriculture. Various federal farm programs in the U.S. such as the Environmental Quality Incentives Program and Water Quality Incentives Program have been designed to encourage farmers to adopt improved nutrient management practices by offering them “green payments” (Ribaudo and Caswell, 1999)
. Improved nutrient management techniques such as drip irrigation, integrated pest management and site-specific farming have the potential to increase the effectiveness with which inputs are used and therefore can increase input productivity.    

While there exist some private incentives to adopt such technologies, the strength of these incentives is likely to vary among heterogeneous farmers and these incentives may be insufficient due to high costs of adoption and uncertainty about returns from adoption. Uncertainty surrounding the impact of adoption of different farming systems and technologies is an important barrier to adoption. Studies on investment under uncertainty show that uncertainty and irreversibility of investment would cause farmers to delay the investment decision even when the investment appears to be profitable according to the net present value (NPV) rule (Dixit and Pindyck, 1994). Farmers may demand a premium to adopt these technologies because adoption involves sunk investment costs and real options are present (Purvis et al., 1995; Winter-Nelson and Amegbeto, 1998; Isik et al., 2001).    
Water quality protection policy in the U.S. has been based on the provision of financial incentives, “green payments”, to farmers for voluntarily changing their input use or technology. Current legislation addressing agricultural nonpoint source pollution problems in the U.S. has catalyzed public debates on inconsistent legislative signals to producers (Batie, 1994). Current subsidy programs are also shown not to be effective in encouraging farmers to adopt improved nutrient management practices. The increasing reliance on subsidy programs to achieve environmental goals in the agricultural sector has also resulted in expectations for such programs to encourage adoption of different farming systems in the future.    

Uncertainty about whether there will be a public policy, when such a policy will be implemented, or the extent to which it will provide incentives in the future would impact farmers’ investment decisions. While the debate on whether to institute a subsidy program proceeds in the administration, the Congress, the media and the academia, farmers wait upon the outcome and their waiting implies a delay in the control of non-point source pollution. Thus, policy makers cannot only deploy measures to reduce the uncertainty facing farmers, they can also create uncertainty through the prospects of policy changes. Uncertainty about implementation of such programs aimed at encouraging adoption may in fact have a negative impact on adoption decision.

The purpose of this paper is twofold. First, it examines the implications of uncertainty about returns and costs of investment for the design and implementation of cost-share subsidy policies aimed at inducing adoption of different farming systems and new technologies using an option-value model. Second, it analyzes the extent to which uncertainty about cost-share subsidy policies aimed at achieving pollution reductions by accelerating adoption would impact farmers’ adoption decision. The framework developed here is applied numerically to examine the adoption of site-specific technologies (SST) for corn production in Illinois.         

Investment in SST is suitable to examine the implications of uncertainty about cost-share subsidy policies
. This is because SST has the potential to reduce non-point source pollution by reducing the input use and/or increasing the efficiency of applied inputs (Khanna and Zilberman, 1997; Thrikawala et al., 1999; Babcock and Pautsch, 1998; Isik et al., 2001). Despite its potential for providing both economic and environmental benefits, recent surveys of farmers show low rates of adoption of SST. For example, only 12% of the farmers had adopted variable rate technologies and 10% had adopted yield monitors in the Midwest (Khanna et al., 1999). Uncertainty about payback and high costs of adoption ranked as the two most important reasons for non-adoption by a majority of the farmers surveyed. Currently, there is no incentive program to induce adoption of SST in the U.S. However, there is an expectation for such a public policy because TMDL restrictions by the federal government may encourage adoption of SST for environmental reasons. Recently, several bills have been introduced in the U.S. Congress to increase support for public research on SST development (Cowan, 2000)
.    

The results from this paper show that uncertainty about government policies significantly impacts the investment decision of farmers. Given that there is currently no cost-share subsidy policy, an increase in the probability of an expected public policy leads to a delay in the adoption of SST. If the cost-share subsidy policy were actually in effect, an increase in the probability of a withdrawal of the program would encourage farmers to invest more in SST. The magnitude of the cost-share subsidy policy uncertainty on the investment decision is found to be significantly high. Cost-share subsidy policies are most effective when they are immediately offered to farmers and guaranteed that they will be removed soon.  

2. Theoretical Model

We consider a risk-neutral farmer currently operating a field of A acres. It is assumed that the farmer has a discrete choice between two technologies: conventional practices and SST, denoted by superscript C and M, respectively. Unlike the conventional practices that apply inputs uniformly across a field, SST makes it possible for the farmer to apply the inputs at a spatially varying rate across the field. Input choice with SST is based on more information and fewer constraints on the application rate as compared to the conventional practices. Thus, SST has the potential to increase farm profits by increasing crop yields and/or decreasing input costs, but requires a sunk cost of investment (K), which is assumed to be stochastic. The potential returns of SST over the conventional practices depend on heterogeneous soil characteristics (z) within the field and vary across heterogeneous farmers. The farmer is assumed to be a price-taker in the input and output markets.   

The returns from both technologies are stochastic due to uncertainty about output prices. Output prices (P) are assumed to be changing over time and the farmer has expectations of these prices in the future. We denote the farmer’s returns from investment in SST over the conventional practices as 
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 at time T. Under the NPV rule, the farmer would invest in SST at T=0 if 
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 or the rate of return from investment in SST is greater than the discount rate 
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Investment under Return and Cost Uncertainty
We first examine the farmer’s decision to invest in SST under uncertainty about return and cost of adoption. We assume that V and K are stochastic and evolve according to the following geometric Brownian motion processes:   
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where dz is the increment of a Wiener process with mean zero and unit variance; 
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 is the drift parameter; and 
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 is the volatility in the drift parameter. It is assumed that uncertainty in V and K are not correlated.

Under uncertainty, the decision problem is to maximize the net returns from investment in SST by choosing an optimal time T to invest in SST subject to (1) and (2) as: 
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Use of dynamic programming reveals that the critical value of the returns at which it is optimal to invest in SST is (Dixit and Pindyck, 1994):  
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where 
[image: image10.wmf]b

 is the larger root of 
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Cost-share Subsidy Policy Under Uncertainty

A cost-share subsidy may be used to induce investment when it is not otherwise optimal to invest immediately. Under the NPV rule, the required cost-share subsidy for immediate investment is the difference between the present value of the returns and the cost of investment when the former is greater than the latter, i.e., 
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. An incentive that the farmer needs to adopt the technology immediately depends on the farm-specific factors and economic variables. The quasi-rent differential and therefore the subsidy required for immediate adoption vary with the distribution of soil characteristics. 

The required subsidy to induce adoption of SST under uncertainty is:   
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Thus, the required subsidy under the option-value approach exceeds that under the NPV rule by 
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. We define this as the option-value premium. The magnitude of the option-value premium depends on sources of uncertainty as well as the distribution of soil characteristics within the field. The option-value premium varies across heterogeneous soil characteristics. An increase in 
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 increases the option-value premium. Ignoring uncertainty about returns or costs would lead to underestimation of the required cost-share subsidies for immediate adoption of SST.              

Investment under Environmental Policy Uncertainty

We build upon Hassett and Metcalf (1999) to examine the impact of environmental policy uncertainty on the farmer’s decision to invest in SST
. Under the return and policy uncertainty, the farmer decides whether and when to invest in SST. We consider a cost-share subsidy policy at a given rate 
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. When this policy is in effect, the sunk cost of investment to the farmer is lowered to 
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 at year 0. However, the government can switch between two regimes, one where the cost-share subsidy policy is not available, and the other where it is available, represented by subscript N and S, respectively. The switches between two regimes are assumed to be Poisson process. Starting with a state when the cost-share subsidy is not in effect, the probability that it will be implemented in the next short interval of time dt is 
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The farmer will not invest over an interval 
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 whether the cost-share subsidy policy is in effect or not. Over an interval 
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 the farmer will invest if the cost-share subsidy is in effect, but if it is not, the farmer will find it preferable to wait in the hope that such a policy will be implemented in the future. Beyond 
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, the prospect of immediate revenues will be so large that the farmer will invest irrespective of the current policy. We examine the impacts of government polices on the threshold return at which it is optimal to invest in SST.


To estimate the thresholds 
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Over the range of 
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where 
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We now address the region 
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where 
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To obtain the threshold values of 
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We now examine the relationship between the critical values and the probability that the cost-share subsidy will be implemented ((S) and the probability that it will be withdrawn ((N). When the subsidy program is not in effect, Figure 1 shows that as (S increases the critical value (
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) increases, which would lead to a delay in investment. When the subsidy is in effect, an increase in (N leads to a decrease in the critical value (
[image: image73.wmf]S

V

), thereby encouraging the investment (Figure 2). In the next section, we develop a numerical simulation model to examine the extent to which uncertainty about cost-share subsidy policies has impacts on the farmer’s decision to invest in SST.     

3. Empirical Applications

We now apply the developed framework to adoption of SST in agriculture. The empirical application considers variable rate applications of three fertilizer inputs (nitrogen, phosphorous, and potassium) applied to corn production under Illinois conditions on a 400-acre farm. The returns from investment in SST over the conventional practices were estimated under various heterogeneous soil conditions. The adoption of SST makes it possible for the farmer to apply the fertilizers at a spatially varying rate across the field. Soil conditions (z) on the field are characterized by two features – soil fertility and soil quality. Soil fertility is defined in terms of the levels of phosphorus and potassium in the soil. Soil quality depends on characteristics such as organic matter and the sand and clay content of soil. These characteristics determine the productivity of the soil and its maximum potential yield under given climatic conditions. This study does not consider the possibility of measuring nitrogen levels in the soil since soil nitrate tests have not been found to be successful in accurately measuring and predicting the available nitrogen in the soil under Illinois conditions (Illinois Agronomy Handbook, 1998). Nitrogen requirements of the crop depend on the quality of the soil as represented by its maximum potential yield. Consequently, nitrogen application rates under SST vary with variations in the maximum potential yield across a field, but in the other systems nitrogen application is uniform across the field based on average soil quality in the field.

The distributions of soil nutrient levels of phosphorus and potassium and the distribution of soil quality are characterized by appropriately scaled Beta distributions (as in Dai et al. (1993)). The distributions of soil nutrient levels and soil quality are determined by a random draw of numbers. Alternative soil conditions are simulated by changing the means and variances of the Beta distributions, using the same random number seed. Two alternative soil quality distributions are considered with low and high levels of average potential yield. Each of these distributions is characterized by two alternative coefficients of variation of the soil quality distribution. Two alternative coefficients of variation of soil fertility distribution are considered.

We assume a deterministic constant returns-to-scale crop response function and represent the yield (y) at any time (t) as a function of the soil characteristics z and the applied input x as 
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. A modified Mitscherlich-Baule yield response function is used to represent this functional relationship (as in Isik et al. (2001)). Using data from the Illinois Agronomy Handbook (1998) for information on the potential yield with various levels of nitrogen (x1), potassium (x2) and phosphorous (x3), the functional relationship is obtained as:
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where 
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 represents the maximum potential yield; and z2p and z3k represent the amount of phosphorus and potassium (respectively) present in the soil in plot i.


The quasi-rent differentials (returns) of SST, 
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, are obtained by developing a dynamic model. Under the conventional practices, the farmer lacks information about the distribution of soil fertility in the field but uses a small sample of soil tests to estimate the average soil fertility, 
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, in the field (Babcock and Pautsch, 1998). Assuming a 5-year lifetime of equipment of SST, the farmer chooses a single level of input application for the whole field by maximizing the discounted value of expected quasi-rents as:  
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where E denotes the expectations operator based on the subjective probability distribution of future prices given the information available at time t=0; and w is the input price. The profit-maximizing input rate is determined such that 
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The adoption of SST provides information about the distribution of soil fertility within the field,
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 and makes it possible for the farmer to apply the input at a spatially varying rate across the field. The input application rate xt is now chosen given the site-specific level of soil fertility zt at each point in the field to maximize the discounted quasi-rents as:
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The input level at any point in the field is determined such that 
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 for each z. This rate would vary continuously across the field as zt varies.  


The present value of the quasi-rent differentials from adopting at year 0 is 
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. It is always positive as long as there is any variability in soil conditions within the field, because input choice with SST is based on more information and fewer constraints on the application rate as compared to the conventional practices (Isik et. al., 2001; Babcock and Pautsch, 1998). 

The stochastic nature of the quasi-rent differentials is assumed to arise from uncertainty in output prices. Output prices are assumed to follow geometric Brownian motion represented by: 
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 is a random variable with mean zero and unit variance. The drift parameter is estimated as 
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 is the standard deviation of the series. Using the historical data on corn prices over the period 1926-2000 (USDA), the value of 
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 is found to be -0.01. The standard deviation of the average annual percent change ( is estimated to be 0.23. This price process is used to forecast prices for a 25-year period by assuming random shocks drawn from a standard normal distribution. These prices are then used to forecast the discounted quasi-rent differential, VT. 

Investment in SST requires the fixed cost of investment in a package of technologies for variable rate applications of fertilizers. The technology package for SST includes grid soil sampling and testing, a yield monitor with moisture sensors, a global positioning system receiver, field marker, mapping software and variable rate application equipment together with the required application software for prescription for variable rate applications of fertilizers. Total cost of the technology package is about $23,161 ($11.6 per acre per year with a 5% discount rate) for a 400-acre farm in Illinois
. The cost of SST is expected to decline as growing demand leads to economies of scale in its manufacture. This declining trend in the equipment costs has been already observed. For example, the costs of yield monitors and variable rate technologies fell by about 10% between 1997 and 2000. Hence, the total cost of SST is assumed to decline by 3% per annum and the standard deviation in this decline is 0.15.

4. Results

Cost-Share Subsidy Policy Under Uncertainty


We first examine the impact of return and cost uncertainty on adoption decision by estimating the critical values at which it is optimal to invest in SST for all the soil fertility and soil quality distributions considered here (Table 1). The results show that the critical values under the return uncertainty are much higher than the total expected returns for most of the soil conditions considered here. Thus, it is optimal to delay the adoption of SST on most of the soil conditions
. Under both the return and cost uncertainty, the critical values increased considerable compared to those under only return uncertainty. In this case, it is optimal to delay the adoption of SST on all the soil conditions considered except the one with the relatively high quasi-rent differentials. 


We now examine the design of cost-share subsidy policies aimed at encouraging the adoption of SST
. Table 1 presents the cost-share subsidies required to induce immediate adoption of SST as a percentage of the total costs of adoption. As shown in the theoretical model, a much higher subsidy is required to induce farmers to adopt SST under uncertainty than those under certainty (the NPV rule). Since the total return exceeds the total cost of adoption, there is no subsidy necessary to induce adoption of SST under the NPV rule. Under the option-value approach, a higher subsidy is necessary to induce adoption of SST due to the need to compensate the option-value premiums. This may provide an explanation why current subsidy programs are not effective in inducing adoption of improvement management practices. The required cost-share subsidies vary across heterogeneous soil characteristics represented by the alternative distributions of soil fertility and soil quality within the field. This indicates that uniform cost-share subsidies are either not effective to induce the adoption of SST on all the soil conditions considered or not cost effective. This is because it is necessary to offer higher subsidies to induce the farmer with the lowest quasi-rent differentials. For example, under return uncertainty, it is necessary to offer 51.3% uniform cost-share subsidy to induce all the farmers to adopt SST (Table 1). As expected, the required cost-share subsidies are higher under the return uncertainty than those under both the return and cost uncertainty.

Impact of Cost-Share Subsidy Policy Uncertainty on Investment Decision


Table 2 presents the critical values at which it is optimal to invest when there is currently no cost-share subsidy policy in effect. As the probability that there will be a cost-share subsidy policy in the future increases ((S), the critical values of the returns increase. It is now optimal to delay the adoption of SST on all the soil conditions considered here. Even when the cost-share subsidy policy is not in place, the critical values are affected by the probability of its removal ((N). This is because at the random future time when the cost-share subsidy policy is enacted the farmer considers that economic conditions might be very unfavorable and the cost-share subsidy might be removed before they improve sufficiently to invest in SST. This reduces the value of waiting to invest now and therefore encourages the adoption of SST by reducing the critical values at which it is optimal to invest in SST.    


We also examine the uncertainty about enactment of cost-share subsidy policies assuming that there is already a 20% cost-share subsidy in effect (Table 3). When there is no uncertainty about enactment of the future cost-share subsidy policies, i.e., (S=0 and (N=0, a 20% cost-share subsidy leads to a decrease in the critical values at which it is optimal to invest in SST. This leads the farmer to invest in SST more readily now. As the probability that the subsidy policy will be withdrawn increases ((N), the critical value at which it is optimal to invest in SST decreases. This would further encourage the adoption of SST. This is because the prospect of losing the cost-share subsidy induces the farmer to invest more readily now. This effect of the subsidy program is not as strong as the delaying effect of (S on the critical value at which it is optimal to invest in SST. 


An increase in the probability that there will be a cost-share subsidy ((S) increases the critical values even when the subsidy is in effect. This is because a higher enactment probability means that the cost-share subsidy will likely to be restored fairly quickly even if the subsidy that is in effect is removed. This makes the imperative to invest in SST less strong. Thus, expectations of the likelihood of a cost-share subsidy policy switch have an important negative impact on the gains to delaying investment
.  


These results suggest that uncertainty about the enactment of stimulus environmental policies is likely to have a very detrimental impact on investment decision. If the policy makers want to accelerate adoption of different farming practices or new technologies for environmental improvements, the best policy they can follow is to enact a subsidy program right away, threaten to remove it soon, and promise never to restore it (high (N and low (S)
.


While the debate on whether to institute a subsidy program proceeds in the administration, the Congress, the media and the academia, farmers wait upon the outcome and their waiting implies a delay in the control of non-point source pollution. Uncertainty about enactment of cost-share subsidy policies can lead to a delay in the adoption of improved farming practices that have the potential to reduce pollution from agricultural activities. 

5. Conclusions 


This paper develops an option-value model to examine the implications of uncertainties about the returns and investment cost for the design and implementation of environmental policies aimed at speeding up adoption of new technologies or improved farming practices to reduce pollution from agricultural activities. It also examines the extent to which uncertainty about government policies would discourage farmers not to readily invest in new technologies. It analyzes the impact uncertainty about environmental policies in terms of cost-share subsidy policy on farmers’ adoption decision. 

Application of the model to adoption of SST indicates that uncertainty about government policies significantly impacts the investment decision of farmers. When there is currently no cost-share subsidy policy in effect, an increase in the probability of an expected cost-share subsidy policy would increase the critical value at which it is optimal to invest in SST and therefore would delay the adoption of SST. If the cost-share subsidy policy were actually in effect, an increase in the probability of a withdrawal of the program would encourage farmers to invest more readily in SST. Expectations of a cost-share subsidy policy change have an important negative impact on the gains to delaying investment. These results indicate that cost-share subsidy polices are most effective in inducing adoption when they are immediately offered to farmers and guaranteed that they will be removed soon. We also found that expectations of the likelihood of an environmental policy aimed at fining nonadopters have an important positive impact on the incentives to adopt SST. 


The results from this paper have implications for the design and implementation of green payment programs aimed at meeting TMDL Standards for streams and lakes for environmental improvements from agriculture. Uncertainty about enactment of a subsidy program can make farmers to delay the adoption of improved farming practices that have the potential to reduce pollution from agricultural activities. Farmers’ waiting for adoption implies a delay in the control of non-point source pollution. Therefore, the debate on whether to institute a green payment program should proceed quickly in the administration, the Congress, and the media.      

Table 1. Critical Values at Which It is Optimal to Invest under Return and Cost Uncertainty and 

   Cost-share Subsidies Required to Induce Adoption of SST under Uncertainty

	Distribution of Soil Characteristics1
	Return

(V0)
	Critical Values at Which It is Optimal

 to Invest (V*) Under
	Cost-share Subsidy as a Percentage of the Total Cost

	Soil Quality

(CV)
	CV of

Soil Fertility

(%)
	
	Return

Uncertainty
	Return and Cost 

Uncertainty
	Return

Uncertainty
	Return and Cost 

Uncertainty

	LOW

(25%)
	30

45

60
	23606

32834

39272
	48502

50879

52494
	77116

78849

80225
	51.3

35.5

25.2
	69.4

58.4

51.0

	LOW

(40%)
	30

45

60
	36053

43744

50377
	43722

44661

45131
	69878

71824

71838
	17.5

2.1

-
	48.4

39.1

29.9

	HIGH

(25%)
	30

45

60
	34765

49020

60356
	45782

49360

49884
	70497

77210

77513
	24.1

0.7

-
	50.7

36.5

22.1

	HIGH

(40%)
	30

45

60
	46676

60195

74140
	42062

44919

45125
	66762

72405

73253
	-

-

-
	30.1

16.9

-


1CV referees to coefficient of variations. Low soil quality indicates an average potential yield of 130 bushels/acre.

High soil quality indicates an average potential yield of 165 bushels/acre.

Table 2. Critical Values at Which It is Optimal to Invest When the Subsidy is Not in Effect 

   Under Return and Policy Uncertainty
	Distribution of Soil Characteristics1
	Critical Values at Which It is Optimal to Invest (VN)
With

	
	(N=0
	(N=0.25

	Soil Quality

(CV)
	CV of

Soil Fertility

(%)
	(S=0.25
	(S=0.50
	(S=0.25
	(S=0.50

	LOW

(25%)
	30

45

60
	59718

60290

61246
	64567

65897

69081
	58092

59883

60960
	64419

64873

65720

	LOW

(40%)
	30

45

60
	57032

58487

59940
	61052

63820

64628
	56223

57817

57971
	58589

61717

62035

	HIGH

(25%)
	30

45

60
	54586

59288

59396
	64024

65163

66586
	53872

56062

58011
	59476

64179

65604

	HIGH

(40%)
	30

45

60
	56133

59047

61784
	61890

64017

67328
	55098

58400

60006
	60309

63864

67115


1CV referees to coefficient of variations. Low soil quality indicates an average potential yield of 130 bushels/acre.

High soil quality indicates an average potential yield of 165 bushels/acre.

Table 3. Critical Values at Which It is Optimal to Invest Assuming that 20% Subsidy is in Effect  

               under Policy Uncertainty
	Distribution of Soil Characteristics1
	Critical Values at Which It is Optimal to Invest (VS)
With

	
	20% Cost-share ((S=0 and (N=0)

 
	(S=0
	(S=0.25

	Soil Quality

(CV)
	CV of

Soil Fertility

(%)
	
	(N=0.25
	(N=0.50
	(N=0.25
	(N=0.50

	LOW

(25%)
	30

45

60
	38801

40704

41996
	35514

37409

38683
	34068

35886

37110
	36790

38548

39772
	35636

37648

38556

	LOW

(40%)
	30

45

60
	34977

35729

36105
	32167

32767

33169
	30951

31498

31887
	34514

35273

36319
	31422

32223

34642

	HIGH

(25%)
	30

45

60
	36626

39488

39907
	33881

36257

36684
	32605

34791

35204
	34860

37421

37817
	33188

35681

36483

	HIGH

(40%)
	30

45

60
	33649

35935

36100
	31074

32927

33120
	29947

31643

31832
	40157

42746

43223
	35472

39079

41598


1CV referees to coefficient of variations. Low soil quality indicates an average potential yield of 130 bushels/acre.

High soil quality indicates an average potential yield of 165 bushels/acre.
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� Federal and state agencies have focused on voluntary participation programs to address agricultural nonpoint pollution. In particular, cost-share programs became the policy institution of choice in the 1980s and they continue to dominate today. The financial scale of cost-share programs is quite large. For example, between 1996 and 2002, the U.S. Department of Agriculture will distribute over $1.6 billion to farmers (Sohngen, 1998). 





� SST includes diagnostic tools such as grid-based soil testing to gather information about soil conditions and the variable rate technology that applies fertilizers at a varying rate within the field to meet location specific needs.


� Recent Congresses considered several bills to promote agricultural research and extension targeting SST (Cowan, 2000). Three bills related to SST introduced in the 104th U.S. Congress were not enacted. However, three relevant bills were introduced or re-introduced in the 105th U.S. Congress.


� In this section we only consider the impact of return and cost-share subsidy uncertainty on the investment decision. To make the model transparent and derive tractable results, it is assumed that there is no cost uncertainty.   


� The cost of the technology package for SST was provided by the Illini FS Agricultural Cooperative (� HYPERLINK http://www.illinifs.com ��http://www.illinifs.com�).


� According to the NPV rule, it is optimal to invest in SST because the expected returns exceed the total costs of adoption for all the soil conditions considered here. 


� We also estimated the potential environmental benefits of SST in terms of reductions in nitrogen pollution. The results indicate that SST reduces nitrogen pollution by 11% to 35% across the alternative soil fertility and soil quality distributions considered in this study as compared to the conventional practices.   


� We also examined the impact of uncertainty about a policy that is aimed at fining the farmer who does not adopt SST. Note that such a policy has been rarely used in agriculture to induce adoption. The results show that an increase in the probability that this policy will be implemented (with a fine at 20% of the total costs of adoption) leads to a decrease in the critical value at which it is optimal to invest, thereby increasing the incentives to adopt SST. Thus, expectations of the likelihood of an environmental policy aimed at fining nonadopters have an important positive impact on the adoption.  


� Another policy the policy makers can follow is to threaten farmers that they will be fined if they do not adopt the new technology. Credibility of such a policy in agriculture, of course, would be in doubt. 
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