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Environmental Risk Assessment under Environmental Standard and
Safety-First Constraints

Abstract
The uncertainty westher condition could pose some chalenge in achieving environ
mentd target. In this Sudy, we use a bioeconomic mode to cdculate the impacts of dterna
tive management sysems. Under different safety-fird condraints on the levels of environ

mental runoff, obtaining from APEX, optima net return of dternative cropping practices is
estimated.

|. Background

A concern of adverse environmental impacts in association with agriculturd practices
in the United States has been steadily increasing. A number of government programs to
lessen such problems have been introduced, including Total Maximum Daily Load environ
mental standards (TMDLSs), which soon will be effective. TMDLSs are under consideration to
reduce environmenta runoff of nutrients, chemicals and sediment. Best management prac-
tices, including crop rotations and dternative tillage practices (no-till and conservation till-
age), may hep farmers comply with TMDL standards, while minimizing losses in farm prof-
its. However, due to the uncertainty of agricultural nonpoint pollution, which depends on a
number of factors, such as weather, environmental standards may be achieved only &t a cer-
tainlevel. The uncertainty weather condition could pose some chalenge in achieving envi-
ronmentd target. Since achieving environmentd standard is unlikely, safety-firgt plays Sg-
nificant role in environmenta policies

To estimate the environmenta and economic impacts of various cropping practices
while taking into account the stochadtic nature of environmenta amenities, a number of risk
model s have been gpplied including chance-congtrained, Target MOTAD, and Upper Partid

Moment (UPM). To apply chance-congrained, a specific functiond form of the environ-



mentd variablesis required, which could pose some limitation to the model. Environmentd
variables could vary from ste to Ste due to weather and other physica conditions. This
specified of functiond form of environmenta variables has sgnificant impact on choices of
agricultura practices. For Target MOTAD, ingtead of specifying the distribution functiona
form, it treets the sample of variables as an empiricd didtribution, and the results of the opti-
mization are vadid aslong as the empiricd digtribution represents the true digtribution. How-
ever, the environmentd risk level is chosen exogenoudy, which pose skepticism to the modd.
For this study, an upper partid moment (UPM) is gpplied. Unlike Target MOTAD, the envi-
ronmentd risk level is endogenoudy determined after the desired compliance probability with
the objective is specified. To obtain environmenta runoff, Agricultura Policy Environmentd
Extender, or APEX (Blackland Research Center, 1999; Williams et d., 2000) has been used
to estimate nitrate runoff and sediment from various cropping practices of Degp Hollow wa-
tershed, Missssppi. We use a bioeconomic small watershed model to calculate the impacts
of dternative management systems. The model merges physica data and biologica datato
andyze various management decisions and to Smultaneoudy determine optimal management
interms of profit and environmentad quality. Under different safety-first congtraints on the
levels of environmenta runoff, obtaining from APEX, optima net return of dterndive crop-
ping practices is estimated.
[1. Analytical Approach

Our anaytica gpproach isatwo-part process. In thefirst stage of andys's, we de-
velop the biophysical modd in which we use APEX to estimate environmenta runoff and
yields under a number of scenarios. The outputs of interest from thismodel are expected crop

yields and expected runoff of nitrogen and sediment. In addition we have devel oped scenar-



iosin which filter srip practices are examined. In the second stage of andyssthe optima net
return under safety-firgt condraint is caculated using the Generalized Algebraic Modding
System (GAMYS) aong with information on yields, crop prices, production costs and envi-
ronmental parameters derived from APEX. Optimdity of the system is determined by maxi-
mizing net returns across the entire watershed.

Watershed Level Physical Model

Site information such as cropping practices, soil types, topography and meteorologica
data has been collected over a number of yearsin the project, but in this paper, we focus on
the year 1999 asthe basis for our analyses. Traditional farm modds assume that afarmer’s
production decisions are congtrained by various factors such as amount of land, labor and
other available inputs. An extengion of the traditional modd that we usein our andyssisa
bioeconomic modd. Our model is developed for the Deep Hollow watershed, and we ex-
trgpolate the model results over a 25-year time period. The underlying physical smulétion
model incorporates nearby weather conditions in the watershed, nutrient uptake and the tim-
ing of planting and harvesting of crops.

The bioeconomic modd uses the Agriculturd Policy Environmenta Extender, or
APEX (Blackland Research Center, 1999; Williams et a., 2000), which was developed as an
extenson of the EPIC (Eroson-Productivity Impact Cdculator) mode to smadl watershed
level by the US Depatment of Agriculture's Agriculturd Research Service (ARS), Soil Con-
sarvation Service (SCS), and Economic Research Service (ERS) in the early 1980's (Sharply
and Williams 1990 (a and b)). APEX is desgned to smulate biophysica processes and the
interaction of cropping systems with management practices, soils and climaes over long time

periods. APEX captures timing of planting and harvesting and the use of culturd BMPs, and



produces environmental parameters where water flows through smdl watersheds as surface,
channdized and subsurface flow. APEX has flexibility in dlowing for modd cdibration with
exiding data In this sudy, we are interested in calibration of our mode to correspond with
ongte empirica measures of environmenta parameters.

The watershed level modd uses data inputs that replicate physica, meteorologica and
agricultural characterigtics of the Degp Hollow Watershed. The watershed consgsts of 10
fidds in which the primary crops grown have been cotton and soybeans. Within the water-
shed, there are 6 different soil types: Alligator, Arents, Arkabutla, Dubbs, Dundee and Tensas.
In each fidld is a combination consgting of 2 to 3 il types resulting in 22 subfields of unique
soils (Table 1).

Approximatdy 20 inputs into the APEX mode are needed for each subfield in order
to peform smulaions from which to obtain expected yidds and nutrient and sediment run-
off. The inputs include weather, soil type, soil erodibility factors, topography (as measured
by average dope length and stegpness), distance from fidds to watercourses, relaive geo-
graphic location of fidds within the watershed, crop rotation, tillage practices and fertilizer
and chemicd use. As pat of the MDMSEA project, the soils and topography of these fieds
have been measured to a high degree of accuracy.

The crops consdered are continuous cotton and continuous soybeans under conven-
tiond tillage. We generated these outputs from the APEX modd in order to use them as i+
puts to the economic optimization model described in the next section.

In our study, we will aso cdibrate our model to correspond with ongite empirica
measures of environmental parameters. Uncertainty environmenta impacts due to sochastic

weather conditions will be smulated using APEX. Higorica data of precipitation, collected



from a nearby weether ation (Greenwood Lefore Art), are divided up to a number of inter-
vas, which correspond to the state of nature. The probabilities will be determined by dividing
the number of observationsin each interval by the total number of years.

Optimization with Safety-first Constraint

The optima net returns of total watershed under safety-first congtraints are estimated.
The safety-first concept is gpplied to investigate economic decison under environmenta un
certainty. Under safety-firgt rules, the decision maker concern with the probability of envi-
ronmental variables faling below target vaues. The UPM modd to evauate environmenta

risk gpplied by Qui et d. (2001) can be written as
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for dl x; and dy greater than zero, wheret is an endogenoudy determined reference leve for
the environmentd varidble, d; is zero or deviation abovet for sater, and g= q(1,t)
In our study, nutrient and sediment runoff are smulated using, whichisthenusad ina
mathematica optimization program usng GAMS. Therefore, an economic optimization
model and assess environmenta risk of reduced nutrient and sediment runoff by incorporating

the safety-first modd condraints.



[11. Preliminary Resultsand Conclusons

Regarding uncertainty of environmenta impacts (sediment and nitrate runoff) of crop-
ping practices due to stochastic weather condition are smulated under 15 states of nature, us-
ing APEX. Information on variable costsis obtained from on Site data. To calculate net re-
turns, five years (1995-1999) average market prices of cotton and soybean in Mississippi are
used.

For the basdline scenario, total watershed net returns dong with amount of sediment
and nitrate runoff are caculated. The optimal net returns of the whole watershed subject to
land condraint are estimated, using mathematica program, GAMS. The environmenta goas
are to reduce sediment and nitrate runoff by 25% and 50% from the basdline levels (0% re-
duction in pallutants). Under UPM mode, probability of achieving such god aswell as envi-
ronmental goalsis incorporated to safety-first condraint. In this study, probabilities of com+
pliance with environmental goals are set to 0.50, 0.75, 0.85, and 0.95. Even under the base-
line scenario of 0% reduction in sediment and nitrate runoff, there are 4 possible compliance
probabilities of 0.50, 0.75, 0.85, and 0.95. The environmenta constraint becomes more re-
drictive as the reduction level and the probability of complianceincrease. GAMS are used to
solve the optima net returns under the UPM environmentd safety-first congtraint.

For the basdline scenario, under conventiond tillage practice, the net returns, sediment
and nitrate runoff are $16,535, 12.6 tons, and 44 |bs, respectively. The environmenta goal
are 12.60, 9.45, and 6.30 tons for sediment and 44.40, 33.30, and 22.20 pounds for nitrate
runoff, which correspond to a 0%, 25%, and 50% reduction in the basdline environmentd re-

duction levels (Table 2 and 3).



Target vaue (t) of sediment and nitrate runoff, and sediment and nitrate risk levels q(t)
areaso reported in Table 2 and 3. As the compliance probability to the sediment and nitrate
runoff goas becomes higher the expected deviation q(t) above the reference t value becomes
gmdler. In other words, aless deviation from reference vaue is dlowed when the compli-
ance probability is higher. For instance, the expected deviation fals from 1.31 tonsto 0.03
tons as compliance probability for achieving 25% sediment reduction increases from 0.50 to
0.95, which implies areduction in the sediment risk level (Table 2). Inthisexercise, only
conventiond tillage practiceis consdered. For further study, conservation and no tillage
practices will be included, which the optima land alocation among the varioustillage prac-

ticeswill be estimated.
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Tablel: Composition of Subfieldsin Deep Hollow Watershed, MS

Field

1D Acres Soil % Soil
XP3A 248 Dubbs 7.75
XP3A Tensas 311
XP3B 120 Dubbs 225
XP3B Tensas 155
XP3B Dundee 104
XP3C 124  Dubbs 0.66
XP3C Dundee 104
XP10 371 Tensas 6.99
XP10 Dundee 8.30
XP10 Dubbs 1.80
XP1 17.2  Arkabutla 12.27
XP2W 295 Tensas 14.09
XP2W Alligator 318
XP2W Arkabutla 124
XP2E 295 Tensas 1450
XP2E Alligator 328
XP2E Arkabutla 124
XP8 9.0 Alligator 2.36
XPOA 126 Arkabutla 6.04
XPOA Arents 210
XPoB 106 Arents 157

XP9B Arkabutla 364



Table 2. Upper Partial Moment Model for Sediment Reduction

Prob. Sed. Goal NetReturns  t q(t)
b (tons) $ (tons) (tons)
0.50 126 16,275 931 1.65
945 15,744 6.82 131
6.3 15,212 433 0.99
0.75 126 15,930 1046 054
945 15,467 7.8 041
6.3 15,004 513 0.29
0.85 12.6 15,771 10.86 0.26
945 15,347 812 0.2
6.3 14,919 5.36 014
0.95 12.6 15,533 12.56 0
9.45 15,170 9.16 0.01
6.3 13,407 5.79 0.03

Table 3. Upper Partial Moment Model for Nitrate Reduction

Prob. Nitr God  Net Return t q(t)
b (Ibs) $ (Ibs) (Ibs)
05 444 15,987 3051 6.9
333 15,482 21.06 6.12

222 14,296 1384 4.18

0.75 444 15,546 3162 319
333 14,769 26.11 18

222 12,623 16.99 13

0.85 444 15414 36.21 123
333 14,487 26.98 0.95

222 12,003 17.92 064

0.95 444 14,773 42.16 011
333 13373 3215 0.06

222 10,631 21.66 0.03




