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cost, MFCP. However, when MVP, # MVPu,l the producer still optimizes by equating MVP,
with MFCP, however the level of input applied, x,, exceeds x, by x.. When x, > 0, the social
marginal factor cost (MFC®) and MFCP diverge and a deadweight loss phenomenon occurs.
Because the producer has already paid wg for x,, the external cost of the excess factor input is
represented by the shaded triangular area, which is approximately equal to %2 (w; - wl,:)(xa -Xy) =
a(wy - w];)xe. The full environmental cost ("real costs”) of a production strategy can be
approximated by estimating the area of this triangle and adding it to the out-of-pocket costs already
incurred by the producer. As long as x, is relatively small compared to x,, the easiest way to
approximate wj is by linear interpolation, wy = (x,/x,)WE. Interpolating wy as such is comparable
to the Hoag and Hornsby relative cost scheme.

Thus, the "nominal" or private net returns (mys which do not include environmental costs)

from a production strategy, calculated by netting total costs and total revenues, are

(1) Ty =Py — (wxpxa + WoXy +...+ Wx,) - FC
where p is product price, y is output, w; is the cost of input x;, and FC is fixed costs. Alternatively,

the "real" or social net returns (7 ; which account for environmental costs) are calculated as

(2) T, =py - (wxpxa + WXy +. 4 Wx,) - ‘A(wxs - wf)xe - FC ,

where x, is the excess factor input causing the environmental damage, and all other variables are
as defined in equation (1). The attractive feature of this method is that the "real" or social net
returns distribution reflects the environmental damage distribution (and therefore the risk of
environmental damage) without making a priori assumptions about the dollar costs of the external
effects such as in Carriker and Huang and Lantin. Additionally, conventional risk analysis

techniques (e.g., stochastic dominance analysis) can be applied to these distributions.

! Note that MVP, > MVP, and that x, > x,.



Data

The CERES-Maize corn growth simulation model (Jones and Kiniry) and the WGEN
weather simulation model (Richardson and Wright) were used to generate 50 individual-year per-
acre corn yield distributions at six different N-fertilizer rates (50, 75, 100, 125, 150, and 175 pounds
per acre) and two fertilizer treatments (single application and split application) on a Marshall silt-
loam soil in northeast Kansas. Both simulation models have been validated for northeast Kansas
(Carriker and Williams).

A N-budget approach (Power and Broadbent; Schepers and Fox), used to define potential

nitrate loading, is based on the nutrient balance equation

n

®) RN, = E (AP, + ARpA; - RMp, - Lpy) 0

where RN, is soil organic and inorganic nutrients remaining at time tn, AP, is soil organic and
inorganic nutrients present at time t, AR 5, is organic and inorganic nutrients added or returned to
the soil during the time interval At, RM ,, is plant nutrients removed with the harvested crop during
the time interval At, L, is organic and inorganic nutrients lost during time interval At, t is the
beginning time, tn is the ending time, and At is the time interval between t and tn (Miller and
Larson, p. 555). Assuming a one-year soil nutrient management scheme in which the objective is
to maintain, rather than deplete or enrich, the soil nutrient pool (i.e., RN, = AP,) and rearranging
equation (3) results in

4) Lp;r = ARpp - RMp

where Ly, is redefined as the surplus of organic and inorganic nutrients exceeding the needs of the
crop and potentially lost to the environment. In this study, the definition of potential surplus N is
defined, following Huang and Lantin, as the difference between the amount of mineral N applied
and the amount of N removed when the grain is harvested; the crop stover is returned to the soil.

Though this method measures only "potential" environmental loading, it is consistent with the

concept of fertilizer use efficiency.



A summary of the twelve per-acre yield and surplus N distributions is presented in table 1.
The highest mean yields occur at the 175 lbs. N/acre level? under both the single and split
application treatments. Though the coefficients of variation for yields are nearly the same at all N
levels within a treatment, the relative variabilities of yields at the extreme N levels are greatef than
at the intermediate N levels; this is consistent with the findings of SriRamaratnam et al. and
Williams et al. The lowest mean surplus N occurs at the 50 lbs. N/acre level under both treatments;
the largest coefficients of variation for surplus N also occur at this N level. Surplus N is lower for
a split application than for the corresponding single application at each N level3

Per-acre net return (over total costs) distributions, with and without commodity program
participation, are calculated for the twelve N management strategies based on enterprise budgets
for northeast Kansas dryland corn (Vandeveer) and the 1991 provisions of the Food, Agriculture,
Conservation, and Trade Act of 1990 (table 2). The resulting 24 strategies comprise six N
application levels using two treatments, a single pre-plant application of anhydrous ammonia and
a split treatment comprised of a pre-plant application of 50% of the fertilizer as anhydrous
ammonia and a pre-tassel stage application of 50% of the fertilizer as urea, with and without
participation in the government commodity program. It is assumed, for the commodity program
participation, that corn is grown on flex acres and that the surplus N level is 92.5% of the non-
participation level (7.5% of base acres, allocated to ARP, are not fertilized).

The environmentally-nominal and environmentally-real net return distributions are
summarized in table 3. Mean nominal net returns range from -$27.32/acre for the strategy of a
single application of 50 Ibs. N without participation in the government program to $157.97/acre for
the strategy of a single application of 175 lbs. N with participation in the government program.

Mean real net returns range from -$27.42/acre for the strategy of a single application of 50 Ibs. N

2 All N-fertilizer levels and costs are stated in units of mineral N.

3 The surplus N distributions were truncated at zero (i.e., no negative surplus N levels). Of the
1,200 surplus N calculations, only 11 were negative.
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the real distributions (unconstrained environmental damage information) in an N-Price/N-quantity

space, approximate constrained and unconstrained N-fertilizer demand schedules may be compared.

Results

In the absence of both economic and environmental risks, the preferred strategy would be
identified on the basis of expected net returns (table 3); in this case, the strategy with a single
application of 175 Ibs./acre of N with program participation is preferred with mean net returns of
$157.97 /base acre and expected surplus N of 59.2 lbs./base acre (64.0 X 0.925 = 59.2 lbs./base
acre). The same is true when environmentally-real net returns are considered.

The results of the SDRF analysis are summarized in table 4. When environmental damage
is not included in the decision-making process, the SDRF analysis identifies the 175 Ibs./acre N,
single application with program participation strategy (175/P1) as the dominant strategy for
producers with strongly risk preferring to strongly risk averse risk attitudes. This preferred strategy
fails to differ from that chosen based solely on expected net returns and does not enforce the
importance of risk in the decision-making process (Fleisher).

When environmental damage is incorporated into the decision-making process, only one
strategy is identified as dominant for the strongly risk preferring to moderately risk averse risk
attitude categories. Because environmental damage deflates net returns (inflates the variable costs)
for the less environmentally-sound strategies, strongly risk averse producers are indifferent between
the 150/P1 strategy (ISQ Ibs. N, single application, with program participation) and the 175/P1
strategy.

For each risk attitude category, the incremental values of N to the producer were calculated
for the nominal and real net return distributions. These values then were plotted in N-price/N-
quantity space for each risk attitude category and informal regression lines (not forced through the
point representing the preferred strategy) fitted to the data (figure 3). To save space, not all results

of this process are presented. The two panels in figure 3 present the results for the extreme risk






demand) regardless of risk attitude. The latter finding suggests that by better educating producers
about the potential environmental damage, and therefore localized health risks, caused by particular

production strategies, they would choose more environmentally sound production strategies.

10






MVP,

Facterzinput level
Figure 2. Divergence between private and social

marginal factor cost and between applied and
used marginal value product schedules
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Table 1. Summary of Yield and Surplus N-Fertilizer Distributions, Northeast Kansas Dryland Corn

N-Fertilizer Treatment and Amount Applied 2

Single Application ° Split Application ©
Statistic 50 1bs. 751bs. 100 1Ibs. 1251bs. 150 Ibs. 175 lbs. 501bs. 751bs. 1001bs. 1251bs. 150 lbs. 175 lbs.
Yield (bu./acre)
Mean 90.4 112.8 131.8 146.7 158.0 168.1 94.4 117.3 136.3 150.1 160.6 {71157/
E.V: 0.114 0.098 - 0.099 0.101 0.109 0.122 0.111 0.094 0.091 0.099 0.110 0.125
Minimum 61.5 81.3 88.3 96.7 101.8 103.6 65.3 82.6 934 101.2 103.2 104.3
Maximum 1121 131.5 1514 167.2 185.5 199.0 161578/ 139.6 158.4 172.4 188.5 202.9
# of Obs. 50 50 50 50 50 50 50 50 50 50 50 50
Surplus N (lbs./acre) 4
Mean 6.9 1745] 27.4 379 50.4 64.0 4.8 14.1 231 33.9 46.8 594
C.V. 0.633 0.319 0.266 0.227 0.195 0.187 0.861 0.402 0.287 0.231 0.197 0.194
Minimum 0.0 8.0 16.4 26.1 34.1 43.6 0.0 158, 10.0 21.9 29.5 39.7
Maximum 18.5 311 492 66.1 82.6 100.1 16.5 29.7 44.8 59.8 76.8 933
# of Obs. 50 50 50 50 50 50 50 50 50 50 50 50

a4 Pounds of mineral N per acre.
b All N-fertilizer applied pre-plant as anhydrous ammonia.
¢ Half of N-fertilizer applied pre-plant as anhydrous ammonia and half applied pre-tassel as urea.

d Surplus N is the difference between the amount of mineral N applied as fertilizer and the amount of N removed when the grain is
harvested.
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