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Introduction

❑ Three concerns that arise in BMP cost-share

program incentives

▪ Program participation spillovers

▪ Cost ineffectiveness when the farmer views two or more

programs as complements

▪ Marginal incentive to induce one additional program

enrollment should be lower in a joint framework

❑ We offer a practical method to estimate and predict

BMP participation while attenuating systematic

biases

❑ This paper

▪ Accounts for cross-program correlation potentially induced

by unobserved decision-making factors

▪ Predicts conditional and joint probabilities of cover crop

(CC) adoption given other programs joined

▪ Provides insights on program efficiency unavailable

through raw probabilities or univariate prediction
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Data

❑ Data comes from an original BMP adoption survey

with 2,089 observations in 2018, with 1,401 from

Ohio and 688 from Maryland

❑ The survey includes demographic characteristics,

farm operations, cover crop adoption and

enrollment of cover crop program

❑ Agri-environmental payment programs include

USDA Commodity program or crop insurance

(PROGCOMM), USDA Conservation Reserve

Program (PROGCRP), Federal and state cover crop

programs (PROGCC) and Federal and state

conservation programs for things other than cover

crop (PROGOTH).

▪ Table 1 shows the uneven sample distribution, which

indicates the interrelation between programs.

Results

❑ MVP estimation: joint determination and correlation

▪ In Maryland: EXPERIENCE(+), CONVTILL(+), SOYBEANS(+), et al

▪ In Ohio: CONSTILL(+), NOTILL(+), OTHERCROP(+), GCFI1Mto5M (+), et al

▪ Correlations in the unobserved components: all four programs in Maryland and

all programs expect the PROGCOMM in Ohio are significantly and positively

correlated, which suggest the jointness in programs enrollment

❑ Prediction of participation probability in CC program

▪ The predictions of conditional participation in CC program increase when more

agri-environmental programs joined (part of predictions are presented below)

▪ The predicted MVP single-program participation probability differs statistically

from raw participation probabilities; Much larger substantive differences are

found when one adds one or more other programs

▪ A greater deviation between raw percentages and MVP predictions were found in

Ohio than Maryland

❑ Marginal correlation in predicting BMPs enrollment

▪ The marginal correlations can be measured in a single, two-program, and three-

program scenarios (here only present the single program case in Table 2)

▪ In Maryland, CC program is closely associated with commodity program or crop

insurance, whereas in Ohio, CC program is highly correlated with conservation

programs for something other than CC
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Conclusion

❑ Those in states that resemble Ohio more than Maryland should

provide information about no-till farming and crop diversification to

farmers because of the significant and positive impacts

❑ The additional insights and prediction accuracy will be gained by

considering farmers’ BMP enrollment decisions holistically, rather

than piecemeal.

NUMBER PROGCC PROGCRP PROGCOMM PROGOTH
Overall Maryland Ohio

Freq. % Freq. % Freq. %

1 1 1 1 1 154 7.37% 90 13.08% 64 4.57%

2 1 1 1 0 106 5.07% 48 6.98% 58 4.14%

3 1 1 0 1 38 1.82% 23 3.34% 15 1.07%

4 1 1 0 0 41 1.96% 29 4.22% 12 0.86%

5 1 0 1 1 100 4.79% 74 10.76% 26 1.86%

6 1 0 1 0 196 9.38% 131 19.04% 65 4.64%

7 1 0 0 1 49 2.35% 38 5.52% 11 0.79%

8 1 0 0 0 151 7.23% 117 17.01% 34 2.43%

9 0 1 1 1 53 2.54% 5 0.73% 48 3.43%

10 0 1 1 0 188 9.00% 4 0.58% 184 13.13%

11 0 1 0 1 37 1.77% 13 1.89% 24 1.71%

12 0 1 0 0 122 5.84% 18 2.62% 104 7.42%

13 0 0 1 1 39 1.87% 1 0.15% 38 2.71%

14 0 0 1 0 491 23.50% 26 3.78% 465 33.19%

15 0 0 0 1 43 2.06% 18 2.62% 25 1.78%

16 0 0 0 0 281 13.45% 53 7.70% 228 16.27%

Total adoption of each program in the sample (%) 
2089 100% 688 100% 1401 100%

39.97% 35.38% 63.52% 24.56%

Table 1. Frequency of actual adoption of various programs (“1” = enroll in the program)

Table 2. Marginal effect of other programs on predicting probability of BMPs (selected)

Conceptual Framework

❑ The farmer’s decision to enroll in programs can be

modeled using the random utility model (RUM):

Pr(𝑦𝑖𝑗 = 1) = Pr[∆𝑉(𝑦𝑖𝑗) ≥ 0)] (Cooper 2003)

❑ Let 𝒀𝑖 = (𝑌𝑖1, … , 𝑌𝑖𝐽) denotes the program

combination on all J programs for ith farmer. 𝑌𝑖𝑗 is

a binary choice with 1 if the ith farmer enroll

program j.

❑ In a multiple choices setting, the joint probability

that 𝒀𝑖 = 𝒚𝑖 is given by

Pr(𝒀𝑖 = 𝒚𝑖) = Pr[𝐼1𝐴𝑖1 +⋯+ 𝐼𝐽𝐴𝑖𝐽 > 𝐶(𝐼1𝐶𝑖1, … , 𝐼𝐽𝐶𝑖𝐽)]

= 0׬
𝐼1𝐴𝑖1+⋯+𝐼

𝐽𝐴𝑖𝐽 𝑔𝑐 𝐼1𝐶𝑖1, … , 𝐼𝐽𝐶𝑖𝐽 𝑑𝐶,

where

a) 𝐴𝑖𝑗 is the cost share in the program j for farmer I

b) 𝐶𝑖𝑗 is the minimum WTA for procurement cost for

the program j

c) 𝑔𝑐(.) is the joint density function for cost

d) 𝐼𝑖 is an index to represent the bundle of all

possible programs combination with 1 if 𝑦𝑖𝑗 = 1

Method

❑ The farmer’s unobserved utility difference is

modeled by: ∆𝑉𝑖𝑗 = 𝒛𝑖𝑗
′ 𝜷 + 𝜀𝑖𝑗 , 𝑗 = 1,2,3,4,

where 𝜺 = [𝜀1, 𝜀2, 𝜀3, 𝜀4]
′~𝑀𝑉𝑁(0, 𝜮)

❑ The joint probabilities of the observed choices that

form the likelihood function are:

Pr(𝒀𝑖 = 𝒚𝑖|𝒛𝑖) = Φ4(𝜇𝑖 , Ω),

where Φ4(.) is the quadrvaraite normal distribution,

𝜇𝑖 = 𝑞𝑖1𝒛𝑖1
′ 𝜷1, … , 𝑞𝑖4𝒛𝑖4

′ 𝜷4 and 𝑞𝑖𝑗 = 2𝑦𝑖𝑗 − 1 .

The matrix Ω has elements 𝑞𝑖𝑚𝑞𝑖𝑛𝜌𝑚𝑛.

❑ Estimation

▪ STATA package mvprobit (Cappellari and Jenkins 2003)

▪ Random draw is 100

▪ The explanatory variables in each equation are identical.

Item Probabilities Maryland Ohio

Single 

program

7.25%***

[6.94%, 7.57%]

7.14%***

[6.99%, 7.30%]

15.48%***

[14.87%, 16.09%]

0.91%***

[0.84%, 0.98%]

6.82%***

[6.53%, 7.11%]

20.33%***

[19.90%, 20.76%]


