
A GROUP INCENTIVE PROGRAMS FOR FARMER ADOPTION OF BEST
MANAGEMENT PRACTICES: AN APPLICATION TO THE NITRATE 

POLLUTION PROBLEM IN CENTRAL ILLINOIS

Viju C. Ipe
Assistant Economist

 615 East Peabody Drive
Champaign, IL 61820

and

Eric A. DeVuyst
Department of Agricultural and Consumer Economics

University of Illinois at Urbana-Champaign
305 Mumford Hall

1301 West Gregory Drive
Urbana, IL 61801

Prepared for American Agricultural Economics Association Annual Meeting, August 1999,
Nashville, Tennessee.

Copyright statement: Copyright 1999 by [authors] All rights reserved.
Readers may make verbatim copies of this document for non-commercial puposes by any means,
provided that this copyright notice appears on all such copies  



A GROUP INCENTIVE PROGRAMS FOR FARMER ADOPTION OF BEST
MANAGEMENT PRACTICES: AN APPLICATION TO THE NITRATE 

POLLUTION PROBLEM IN CENTRAL ILLINOIS

The paper demonstrates a group incentive program to encourage farmer adoption of best

management practices.  It is demonstrated that the best management practices may not actually

reduce farm profits but may increase farm profits and reduce environmental pollution.  This may

bring about a win-win situation for sponsor, the farmer participating in the program, and  the

society as a whole.  The results show that the farmers subjective beliefs about response of corn

yields and profits to nitrogen application differ from the simulated responses which in turn results

in the willingness-to-Accept for adoption best management practices significantly higher than the

expected program payments.    The program could be implemented as an educational effort to

demonstrate the benefits of sound management practices for larger adoption in the long run.  
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A GROUP INCENTIVE PROGRAMS FOR FARMER ADOPTION OF BEST
MANAGEMENT PRACTICES: AN APPLICATION TO THE NITRATE 

POLLUTION PROBLEM IN CENTRAL ILLINOIS

Improvement in quality of our waters for safe use is a policy priority in both the national

and regional environmental programs.  Having achieved significant progress in the control of

pollution from point sources, future improvements in water quality lingers largely on the pollution

reduction from nonpoint sources (U.S. EPA, 1995 ).  Among the nonpoint sources, the major

pollutants are the runoff of fertilizers and pesticides from agricultural fields.  When individual

farmer actions are not observable (moral hazard), it may not be possible to enforce strict control

measures like tax or fine on pollution.  A tax on the polluting input however may not be feasible

since a very high tax rate may be required to achieve desired objectives.  Randhir and Lee (1997)

from a study of Indiana farmers, observed that a tax rate up to about 400% on nitrogen fertilizer

may be required to reduce nitrogen pollution by 1%.  Best Management Practices (BMP) have

often been proposed as method of NPS pollution control.  BMPs in addition to their

environmental advantages are believed to increase farm profits (Cooper and Keim, 1996). 

However farmer adoption may be low because they will not capture the full benefits of BMP

adoption (Duttweiler and Nicholson, 1983).  Further, farmers believe that  BMPs may instead of

increasing profits may reduce their private profits.  Hence incentives may be needed to promote

adoption BMPs.  DeVuyst and Ipe (1998) proposed a group incentive program which will

encourage adoption of pollution abatement practices and bring about Pareto-improvement.  Thus

the above program compensates farmers for actual damages if any due to adoption of BMPs while

avoiding moral hazard problems and exploits correlated risks faced by farmers in a watershed. 

This study demonstrates the above program for a typical soil type in central Illinois.  The pollution
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problem considered is the nitrate pollution from fertilizers applied for corn grown under corn-

soybean rotation.  The abatement practices considered are changing the time of fertilizer

application and reducing the application rate.  

Definition of the incentive program

The program guarantees the farmers who adopt the BMP at least the same level of profit

on an average as those who do not adopt the practice.  Thus the program compensates the

farmers for the loss in profits if any due to program participation.  Under the program there are

two groups of farmers.  Those farmers who adopt the practice are designated the participating

farmers and those who do not adopt the practice are designated the non-participating farmers. 

Both groups of farmers are assumed to be in a watershed or neighboring watersheds with similar

soil and climatic conditions.  The program first calculates the long-run average and current

average profit for the two groups of farmers.  Then the percentage deviation of the current group

averages from the respective long-run averages are computed for the two groups.  The

participating farmers receive the incentive payment when the percentage deviation (from the long-

run average) for the participating farmers is below the percentage deviation for the non-

participating farmers.  A mathematical definition of the payment scheme is presented below.  The

incentive scheme is similar to the group crop insurance plan or Group Risk Plan (GRP), where the

insured farmers are compensated when the county average yield falls below a trigger yield

(Nanquet and Skees, 1994).

Let  be the desired management practice in order to achieve the environmental

objective.  Then, the current year, t, profit of the farmer who adopts the desired level of
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abatement is denoted as , where p refers to participation.   Let there be G farmers

participating in the incentive program.  For a group of G participating farmers adopting the

desired level of abatement, the current group average profit is represented as 

.  The nonparticipating farmers choose the management practices which

maximize their expected profits based on their subjective beliefs.  Let A   represent thej
*

management practice chosen by the non-participating farmers.  Then the current year, t, profit of

an individual farmer not participating in the program is denoted as  where n refers to non-

participating farmer.  The management practice followed by non-participants is assumed to be

unaffected by the abatement practice followed by the participants.  Let there be H farmers in the

non-participating group. Then, the current group average profit for the non-participating farmers

is  .  The program is based also on the long-run average profits of the two

groups of farmers, which need to be defined.  Let the long-run average profits of a farmer, i,

participating in the program be represented as  , where T is the long-run time

period considered.  Then the long-run group average profit for the participating farmers may be

represented as .  Let the long-run average profit of the j’th non-participating
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farmer be  and the corresponding group average profit is      The

incentive payment is then defined as

where,  is the long-run group average profit of the participating farmers,  is the current

group average profit of the participating farmers,  is the long-run group average profit of the

non-participating farmers, and  is the current group average profit of the non-participating

farmers.  

It is assumed that the yields and management practices followed by the participating

farmers are observable and that both groups of farmers are risk averse.  Then moral hazard arises

if the participating farmers do not adopt proper management practices and enjoy compensation

for lower yields and profits to sub-optimal management.  Since the incentive payment is based on

the group average profits, the moral hazard arising from such sub-optimal activities is eliminated. 

DeVuyst and Ipe (1999) provide a theoretical exposition of the elimination of moral hazard under

the proposed incentive scheme.  Another source of bias in the incentive scheme is the possibility

of participating farmers getting compensated for losses due to adverse weather conditions and

pests.  Since the payment is based on relative deviations in profits, the correlated risks are
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exploited to eliminate the possibility of participating farmers getting compensated due to random

factors like adverse weather or pests.  Consider the case of an adverse weather condition or pest

attack.  If these adverse weather affects the profits of participating farmers it is likely that it may

affect the non-participating farmers also (correlated risks) in a similar way.  When there is an

adverse weather or pest attack the current profits relative to long-run profits will be lower for

both the groups.  The participating farmers will then receive compensation only if the relative

deviation is larger than that for non-participants.  This is not likely to happen because of the

correlated risks.  Hence it is unlikely that the participants to get compensated for losses due to

weather and other random causes during a particular year.

Data and program simulation

Two different management practices are considered in this study.  Nitrogen fertilizers

applied in spring tend to be less polluting than when applied in fall (Illinois Agronomy Handbook). 

Hence changing the time of fertilizer application from fall to spring is one of the management

practices considered in this study.  The second BMP considered is reducing the quantity of

nitrogen fertilizer applied.  In order to simulate the program the practices followed by the

nonparticipating farmers (baseline practices) need to be defined in such a way that these practices

represent the practices currently followed by the farmers.  Drummer, a typical soil type in Central

Illinois is first selected for the simulation.  A recent survey of nitrogen application rates in the

Central Illinois area shows that farmers on the average use about 170 to 200 pounds of elemental

nitrogen per acre for corn, most of which is applied in fall (United States Department of

Agriculture, 1995).  Based on the results of the above survey, the Illinois Agronomy Handbook

recommendations and White et al. (1998) the baseline nitrogen application rate used for the



 The Illinois Agronomy Handbook recommends nitrogen application rate of 2001

pounds/acre for Drummer soil for a corn:nitrogen price ratio of 20:1. When corn is grown after
soybean the Handbook recommends a reduction in nitrogen application rate by about 40
pounds/acre.  The baseline rate in this study is higher than the rate recommended by the
Agronomy Handbook by about 25 pounds.  This is justified by the fact that the baseline rates
represent the current practices followed by the farmers.
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program simulation is 175 pounds/acre .  The baseline application timings are such that 75% of1

the total nitrogen is applied in fall and the rest in spring.  Thus the non-participating farmers in

this study applied nitrogen at the rate of 175 lbs/acre, 75% of which in the fall and the rest in

spring.  The participating farmers adopts the desired management practices in lieu of the

compensation offered under the program.  The participating farmers reduce their nitrogen

application rates at increments of five pounds from the baseline.  They also reduce the proportion

of nitrogen applied in fall. 

The program is simulated for corn grown under corn-soybean rotation.  EPIC-WQ is used

to simulate yields and nitrate run-off from corn grown under corn-soybean rotation for 80 years. 

The data for the first forty years are used establish the long-run average profits.  The data for the

second forty years are used to simulate the expected incentive payments, the total profits of both

the groups of farmers, the variance of the total profits and the water quality impacts of the

program.   Simulations are done in such a way that both the groups of farmers use phosphorous

and potassium at rates 0.43 pounds per bushel and 0.28 pounds per bushel of corn respectively. 

In order to compute the costs, nitrogen, phosphorous and potassium are priced at $0.20, $0.24

and $0.13 per pound respectively.    

The simulation captures the major sources of variability in farm profits.  The hypothesis

here is that uncertain weather conditions, and output prices are the major sources of variability in
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farm profits (Fleisher, 1990).  In order to account for the variability due to output prices, a ten

year series of corn prices collected from the USDA Feed and Livestock Statistics (various issues)

is used to calculate the returns and profits.  The forty year simulation data captures the variability

due to weather conditions.  The distribution of revenues are then obtained by assuming that yields

and prices are independently distributed.  In order to compute the profits, the costs of fertilizer

application alone are considered as all other costs are assumed to be the same for both the groups

of farmers.  Phosphorous and potassium fertilizers are applied at rates recommended by the

University of Illinois Agronomy Handbook.  Nitrogen is priced at $0.20 per pound and

phosphorous and potassium at $0.24 and $0.13 respectively (University of Illinois FaRMLab). 

Since the effect of fertilizer prices on variability of farm profits are negligible (Fleisher, 1990), a

price series for fertilizer prices is not used in this study.

Results

Four different scenarios are presented in this section.  In the first scenario, the only

management practice considered is a reduction in nitrogen application rate.  In scenarios 2-4, the

fertilizer application time is changed along with a reduction in application rate.  The simulated

program under scenario 1 is presented in Table 1.  Under this scenario 75% of the total nitrogen is

applied in fall and the rest 25% in spring.  The nitrogen application rate is reduced at increments

of 5 pounds per acre from the current application rate.  The simulation results show that the

expected payments are zero till application rate is reduced by 40 pounds per acre.  The expected

payment becomes positive for further reductions in nitrogen application rate.  For all levels of

nitrogen application, the expected total profits under participation are higher than the expected

profits under non-participation ($315.58/acre).  The variance of total profits under participation
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and non-participation affect the participation decisions of risk averse farmers.  The results indicate

that the variances of total profits under participation, for all levels of nitrogen application, are less

than the variance under non-participation.  These simulation results indicate that a risk-averse

farmer is better-off by signing up and participating in the nitrogen reduction program.  

Results are similar under the second scenario (Table 2).  In this scenario the timing of

fertilizer application is changed along with a reduction in nitrogen application rate.  Changing the

time of fertilizer application with no reduction in application rate resulted in zero payments but

increased expected profits.  Expected payments became positive as application rate is reduced by

40 pounds.  Under the third scenario (Table 3), only 25% of the total nitrogen is applied in fall. 

As in the second scenario, changing the time of fertilizer application resulted in zero expected

payments.  As application rate is reduced by 40 pounds the expected payments became positive.  

The payment was the highest when the application rate is reduced by 50 pounds.  Similar results

are obtained in the last scenario.   The above simulation results show that changing the time of

fertilizer application alone does not result in any program payments.  But it will increase the farm

profits and reduce pollution, a win-win situation for both the sponsor and the participating farmer. 

Further, expected payments are zero for reductions in application rates up to about 40

pounds/acre under all the four scenarios.  These results indicate that in addition to changing the

time of fertilizer application a reduction in application rate may also bring about a win-win

situation (zero expected program payments, increase in farmer profits, and the environmental

benefits which are analyzed in the next section).   These results indicate that the farmers currently

may be applying nitrogen fertilizers at rates higher than the profit maximizing levels.  Yadav et al 

(1997) also got similar results for corn growers in Minnesota.  
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Environmental benefits

The expected environmental benefits of the program are reductions in emissions and the 

consequent improvement in water quality.   The average annual emissions of nitrates into surface

water from one acre with and without the program is presented in Table 5.  The results show that

changing the time of fertilizer application by shifting from scenario 1 to the scenario 4 alone

(without reducing nitrogen application rate) results in 15.4%  reduction in total emissions.  Under

the first scenario a twenty five pound reduction in nitrogen application rate results in up to 24.4%

reduction in emissions.  When the timing of fertilizer application are also changed, emission

reductions up to 32.5% (scenario 4) could be achieved from a 25 pound reduction in nitrogen

application rate.  Emission reductions ranging from 36.7% (Scenario 1) to 46.9% (Scenario 4)

could be achieved by reducing nitrogen application rate by 50 pounds.  In all the four scenarios,

the emissions reduce at a decreasing rate as nitrogen application rates are reduced (fig. 1).  

The expected payments under the program and the expected reduction in emissions (Table

6), indicate a win-win situation for both the sponsor of the program and the participating farmer. 

Since the expected payments are zero for reductions in nitrogen application rates up to 40 pounds

in all the scenarios the sponsor benefits from the reductions in emissions and from not having to

pay for pollution reductions.  The expected payments for nitrogen application reduction above 40

pounds may be relatively low when compared to the benefits from the reduction in emissions and

the costs of cleaning up the polluted waters.  The participating farmer also benefits from higher

total profits and the reduced variance of total profits under the nitrogen reduction program.   

Farmer’s subjective beliefs and program participation

The simulation results show that both the farmer and sponsor of the program may be 
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better-off from the program.  The simulation results further indicate that the expected profits may

actually go up as nitrogen application rate is reduced up to about 40 pounds/acre.  However, the

actual participation of farmers depend on their subjective beliefs about the response of profits

from corn to nitrogen application.  Such subjective beliefs determine their Willingness-to-Accept

(WTA) for reducing nitrogen application rates and participating in the program.  When the

farmers’ perceived losses due to a reduction in nitrogen application rate (or any other abatement

practice) are higher than the actual losses, the WTA for adoption are biased towards the higher

side.  Previous studies on incentives for farmer adoption of pollution abatement practices also

indicate that the payments required for voluntary adoption are much higher than the current

payments offered (Cooper and Keim, 1996, Kraft et al. 1996).  This section analyzes the

subjective beliefs of farmers regarding the response of corn profits to nitrogen application and

estimates a measure of the WTA for reducing the nitrogen application rates by 25 pounds.  The

hypothesis here is that the perceived losses are higher than the actual losses which results in

WTA’s higher than the simulated payments.   

Let be the subjective profit distribution of farmers applying nitrogen at the

rate of N lbs/acre.  Then the subjective expected utility of the farmer given the subjective profit

distribution is

Before the implementation of the program the farmer chooses nitrogen levels to maximize his

subjective expected utility and the farmer’s decision process can then be represented as
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Let N  be the level of nitrogen fertilizer which maximizes the subjective expected utility.  Then, *
s

the subjective expected utility of a farmer prior to participating in the incentive program is 

Now suppose the farmer is offered an incentive program to reduce the nitrogen application to . 

Let  be subjective profit distribution given the farmer’s subjective beliefs when nitrogen

application rate is reduced to .  The expected utility when nitrogen application rate is

constrained at  can then be represented as

Then as in Fischer (1996) the WTA for participation in the program, is computed such that

.  

The WTA in the above equation is the payment required such that the expected utility of the

farmer after the adoption of the abatement practice is equal to the expected utility before

adoption, given the subjective beliefs.  

In order to compute the expected utilities, the subjective distribution of profits need to

estimated.  Elicitation of profit distributions are difficult due to issues like tenancy and ownership

of farms.  So the subjective yield distributions are elicited first.  The profit distributions are then
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consuming.
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computed from the yield distribution using a series of corn prices for the last ten years .  The2

subjective yield distribution is elicited  from a non-random sample of corn growers with the

Drummer soil type assuming a triangular density  function.  The triangular probability density3

function for the random yield variable, y, can be represented as (Law and Kelton, 1990),

where a is the farmer’s subjective estimate of the lowest possible yield, b is the estimate of the

highest possible yield and c is the most likely yield, the modal yield.  The subjective profit

distribution, , is then computed from the yield distribution using a ten year series of corn

prices.  The subjective yield distribution is first elicited at the current level of nitrogen fertilizers. 

The farmers are then asked to reveal their subjective yield distribution when the application rate is

reduced by 25 pounds from their current application rate.  The subjective expected utilities are

then computed from the yield distributions assuming a negative expected utility function of the

form , where � is the co-efficient of risk aversion is used to compute the

subjective expected utilities.  

The WTA based on subjective expectations of the farmer and the expected program

payments are presented in Table 7.  The results show that WTA for a 25 pound reduction in
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nitrogen application rate are much higher than the expected program payments.  This could be

because the farmer’s perceived response of yield/profit to nitrogen application is higher than the

actual (simulated) response.  Such subjective beliefs result in higher subjective expected utilities at

their current application rate than those simulated using EPIC WQ.  At the reduced level of

nitrogen application, the subjective expected utilities are less than that those based on simulations. 

Such differences in expected utilities drive the WTAs much higher than the program payments

computed based on simulations.  Sriramarathnam (1985) and Cooper and Keim (1996) also

observed similar biases in farmers’ subjective beliefs and WTAs much higher than the actual

payments offered.  

Conclusions

The simulated program shows that a risk averse farmer may be better off by participating

in the incentive program.  The farmers may currently be applying nitrogen fertilizers at rates above

the profit maximizing levels.  Hence reduction in nitrogen application rate may actually increase

farmer profits and the sponsor of the program may not pay for the initial reductions in nitrogen

application rates.  Similar results may be observed in the case of of other best management

practices.  The analysis of subjective beliefs of farmers indicate the possibility that they hold

wrong beliefs about returns to nitrogen application which in turn result in their WTA much higher

than the program payments.  These results however suffer from some of the inherent biases in

elicitation.  The sources of bias include biases in information acquisition, processing, output and

feedback (Hogarth, 1987).   Elicitation of probability distributions at the two levels of nitrogen

application may be itself create bias in the results.  The farmer may never have tried corn growing

withe the lower level of nitrogen application and hence may not have enough experience with
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such a situation.  The results however indicate that the farmers may hold wrong subjective beliefs

about the response of profits to nitrogen application, which in turn result in adoption of nitrogen

application rates higher than the profit maximizing levels.  Similar results were obtained by Yadav

(1997) and Bullock and Bullock (1994).  Our result show that reducing nitrogen application rate

by up to about 35 pounds does not reduce profits.  Instead it may increase profits as farmers

currently may be applying nitrogen at rates above the profit maximizing levels.  Hence the

proposed program increases farmer profits, reduce variance of profits, and reduces pollution while

the sponsor does not pay for up to about 35-pound reduction in nitrogen application.  Thus the

program will result in a win-win situation for both the farmer and the sponsor.  This incentive

program could be implemented as an educational effort by promoting farmer experimentation.  It

could be implemented as a short term demonstration program in farmer’s fields.  As farmers learn

from their own experimentation, the true response of yields and profits to nitrogen application, it

may result in a larger adoption of sound management practices.  Even when the payments are

positive, the total program payments may be much less than the costs of cleaning up the polluted

water, resulting in a win-win situation.  
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Table 1.  Incentive scheme under Scenario 1

N E(T) Min (T) Max (T) VA (T) E(%) E(%+t) Var
reduction (%+t)

5 0 0.00 0 0 316.59 316.59 4839.12

10 0.00 0.00 0 0 317.59 317.59 4809.64

15 0 0.00 0 0 318.59 318.59 4789.25

20 0 0.00 0 0 319.58 319.58 4712.32

25 0 0.00 0 0 322.13 322.13 4686.13

30 0 0.00 0 0 330.47 330.47 4669.27

35 0 0.00 0 0 329.52 329.52 4654.38

40 0 0.00 0.22 0 326.29 326.29 4646.25

45 0.78 0.13 3.12 0.23 325.24 326.02 4640.78

50 1.31 0.65 4.82 0.59 323.15 324.46 4634.21
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Table 2.  Incentive scheme under Scenario 2

N E(T) Min (T) Max (T) VA (T) E(%) E(%+t) Var (%+t)
reduction

0 0 0.00 0 0 315.69 315.69 4841.08

5 0 0.00 0 0 316.64 316.64 4833.47

10 0 0.00 0 0 317.72 317.72 4802.31

15 0.00 0.00 0 0 318.61 318.61 4781.66

20 0 0.00 0 0 319.59 319.59 4722.57

25 0 0.00 0 0 322.34 322.34 4717.14

30 0 0.00 0 0 330.23 330.23 4701.32

35 0 0.00 0 0 329.18 329.18 4690.77

40 0.001 0.00 0.13 0 326.49 326.491 4659.78

45 0.74 0.00 3.15 0.24 324.45 325.19 4649.17

50 1.68 0.54 4.45 0.79 321.45 323.13 4646.25
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Table 3.  Incentive scheme under Scenario 3

N E(T) Min (T) Max (T) VA (T) E(%) E(%+t) Var
reduction (%+t)

0 0.00 0.00 0.00 0.00 316.28 316.28 4827.86

5 0.00 0.00 0.00 0.00 316.81 316.81 4810.32

10 0.00 0.00 0.00 0.00 317.60 317.6 4789.91

15 0.00 0.00 0.00 0.00 318.64 318.64 4773.73

20 0.00 0.00 0.00 0.00 319.79 319.79 4754.18

25 0.00 0.00 0.00 0.00 322.57 322.57 4718.38

30 0 0.00 7.94 0 330.98 330.98 4708.57

35 0 0.00 9.09 0 329.85 329.85 4698.13

40 0.0002 0.00 10.20 0 327.69 327.6902 4695.56

45 0.73 0.00 11.31 0.24 325.52 326.25 4648.05

50 1.97 0.24 12.49 0.73 323.67 325.64 4628.31
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Table 4.  Incentive scheme under Scenario 4

N E(T) Min (T) Max (T) VA (T) E(%) E(%+t) Var (%+t)
reduction ($) ($) ($) ($) ($)

0 0.00 0.00 0.00 0.00 316.10 316.1 4831.72

5 0.00 0.00 0.00 0.00 316.68 316.68 4816.41

10 0.00 0.00 0.00 0.00 317.64 317.64 4810.56

15 0.00 0.00 0.00 0.00 318.78 318.78 4789.38

20 0.00 0.00 0.00 0.00 319.97 319.97 4764.72

25 0.00 0.00 0.00 0.00 322.58 322.58 4751.31

30 0.00 0.00 0.00 0.00 329.73 329.73 4738.62

35 0.00 0.00 0.00 0.00 328.69 328.69 4716.39

40 0.004 0.00 0.29 0.0009 327.45 327.454 4684.63

45 0.78 0.00 3.27 0.29 325.46 326.24 4646.94

50 2.01 0.31 5.68 0.64 322.31 324.32 4645.86

Variance of total profit under non-participation:  4851.94
Profit non-participating farmers: 315.58



21

Table 5.  Annual emission of nitrogen into surface water with and without the program

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Baseline 18.2621 18.2621 18.2621 18.2621 

0 18.2621  (0.00) 17.1548 (6.06) 17.0474 (6.65) 15.4486 (15.41)

5 16.9252  (7.32) 15.7012 (8.47) 15.3978 (9.68) 14.0322 (9.17)

10 15.9207  (12.82) 14.3878 (16.13) 13.9898 (17.93) 12.811 (17.0537)

15 15.0614  (17.53) 13.3169 (22.37) 12.7899 (24.97) 11.8607 (23.22)

20 14.3192  (21.59) 12.5404 (26.90) 11.9681 (29.79) 11.1068 (28.10)

25 13.7975  (24.45) 11.8782 (30.76) 11.4662 (32.74) 10.4293 (32.49)

30 13.2993  (27.17) 11.3072 (34.09) 11.0078 (35.43) 9.8057 (36.53)

35 12.8202  (29.79) 10.7990 (37.05) 10.5829 (37.92) 9.2846 (39.90)

40 12.3729  (32.25) 10.3596 (39.61) 10.1846 (40.26) 8.8967 (42.41)

45 11.9490  (34.57) 10.0130 (41.63) 9.8255 (42.36) 8.5288 (44.79)

50 11.5498  (36.75) 9.7368 (43.24) 9.4941 (44.31) 8.1983 (46.93)

figures in parentheses are percentage reduction in emissions from the baseline



Fig. 1  Reduction in emissions under the program
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Table 6.  Expected payments and emission reductions under the program
N Payment %  emission Payment( % emission Payment %  emission Payment % emission
reduction ($/acre) reduction $/acre) reduction ($/acre) reduction ($/acre) reduction

0 0 0 0 6.06 0 6.65 0 15.41
5 0 7.32 0 8.47 0 9.68 0 9.17
10 0 12.82 0 16.13 0 17.93 0 17.05
15 0 17.53 0 22.37 0 24.97 0 23.22
20 0 21.59 0 26.9 0 29.79 0 28.1
25 0 24.45 0 30.76 0 32.74 0 32.49
30 0 27.17 0 34.09 0 35.43 0 36.53
35 0 29.79 0 37.05 0 37.92 0 39.9
40 0 32.25 0.001 39.61 0.0002 40.26 0.004 42.41
45 0.78 34.57 0.74 41.63 0.73 42.36 0.78 44.79
50 1.31 36.75 1.68 43.24 1.97 44.31 2.01 46.93

Table 7.  Willingness-to-Accept for a reduction nitrogen application rate by 25 pounds per acre

Co-efficient of risk aversion

� = 0.0004 � = 0.004 � = 0.04

WTA ($/acre) 18.07 18.50 23.09


