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ABSTRACT

A newly developed interregional linear programmiry mc-del provides a method to
measure the effect of land use restrictions on soil erosion for use in policy
analysis. The Natural Resource Linear Programming Model (NRIP) examines wnat
Government spends to compepsate farmers for taking fragile cropland out of
production as a conservation measure. It also enables the researcher to
cetermine what would he,.pen to regional crop production, net returns,
Govermment cost, and resource use if alternmative land use policies were
implemented. A sample anaiysis describes how the model is used in a recursive
framework to estimate the effects of cetiring 45 million acres of highly
erodible cropland.
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SUMMARY

A newly developed interregional linear programming model provides a method to
measure the effect of iand use restrictions on soil erosion for use in policy
analysis. The model examines what Govermment spends to campensate farmers for
taking fragile cropland out of producticn as a conservation measure. It also
enables researchers to determine what would happen to regional crup
produc”ion, net returns, Goverrment cost, and use of land, water, and inputs
if altemative land use policies were inplarented A sanple analysis
describes how the model is used in a recursive framework to estimate the
effects of retiring 45 million acres of highly erodible cropland.

'DPNauualmoemxxearPrograltmrig (NRLP) model contains 6 land groups,
105 producing areas, 31 market regions, and production activities consisting
of a set of crops in rotation under different conservation and tillage
practices. It evaluates how various policy actions would affect the
productivity or erodibility of each land group. Policies which can be
analyzed with the NRIP include constraining land use by productivity class, by
potential damage from erosion, and by geographic preference.

The model also prwidas a powerful tool to anzlyze other soil conservation
related policies. Simple modifications of the model would enable researchers
to analyze alternative land use policies such as employing optional
conservation-tillage practics a~d integrating soil conservation programs with
cammodity programs.
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LITRODUCTION

There is a growing need for information on soil ercvsion. Erosion threatens
the productive potential of soil and contributes to nonpoint source watet
pollution natiorwide. This technical bulletin documents a model, the Natural
Resource Linear Programming (NRLP) model, capable of measuring the effects of
land use restrictions imposed as conservaticn measures. The model's main use
is to examine Govermment expenditures required to campensate farmers for
retiring potentially erclible private cropland.

We introduce the model and its uses and then describe the design of the base
model. We specify the mathematical formulation representing the base model.
We present the land base data used in the base model and later describe the
derivation of coefficients used in the base mcdel. Results of a base run
soiution are presented. We conclude with a discussion of the system's
potential applications such as analysis of cropland retirement programs,
optional conservation-tillage practices, and integration of soil conservation
programs with cammodity programs.

BACKGROUND

Soil erosion can be reduced through changes in cropping rotations, through
increased use of conserration-tillage methods, through more efticient
management of crop resié¢ , by terracing, and through land use restrictions.

The land use restriction option controls camodity supply and soil erosion.
1and use restrictions shift production fram highlv erosive crops such as corn
and soybeans to less erosive crops such as hay and timber. One method to
restrict land use is to campensate farmers for the nec incame they forego fram
setting aside acreage. HNet income foregone varies from region to region and
among types of land within regions. An estimate of foregone net income is
needed to calculate Goverrment program costs. The NRIP can make thnse
calculations, and it can also examine the effects of resource use and
oroduction activities. Researchers can then use this information to campare
altemative land use restriction possibilities.

*The authors are agricultural econamists in the Economic Research Service,
U.S. Department of Agriculture.




MODEL DESIGN CRITERIA

The mode:l's main use is to examine Goverrment expenditures required to
campensate farmers for retiring hichly erodible or fragile cronland.  The
campensation due a landowner is the foregone net return to lard ard management
if the lard is idled or used for other econamic purposes. Data showing
current resource uses are needed to determine the effects of implementing
resource policies. Thus, a model designed to analyze land use restriction
options should have the following features:

(1) A Z2tailed land grouping to differentiate cropland queality among
regions and different kinds of land.

(2) The ability to similate relations between productica and resource
uses.

(3) The capacity to calculate marginal and averadge rent for lands of
diiferent quantities used in crop production.

(4) The ability to examine alternative methods of restricting land use.

The first feature requires a land base that reflects the level of soil erosion
for each type of land in each region. It also differentiates fragile land
from other cropland. Fragile land in this study is identified as cropland
having physical characteristics not conduc’ve to anmial crop production.

An important Goverrment task is to determine a least-cost metbad to induce a
land use shift toward land conservation. Such a shift would be converting
fragile cropland from intensive crop production to hay or pasture. An
optimization method is needed to accamplish this task. A profit-maximizing
linear programming model is adept at solving a problem of this type. The
model will have an abjective function defined to maximize net retumns to land
and management.

The second and third features can a2lso be satisfied by a mathematical
programming model. The NRLP model therefore was Gesigned to incorporate these
features. The model, for example, specifies relationships between output
(production) level ard input (resources) uses by a system of equality and
ineclality restraints. The optimization procedures produce a marginal and
average rent for each resource.

BASE MODEL OVERVIEW

A model designed to evaluate the effects of sltemative policies should
reflect wide regional variations in climate, soil, and crop production
practices. We therefore designed a base model that divides the 48 contiguous

States into 105 producing areas (PA's), based on the Water Resources Cauncil's
Aggregated Subareas (ASA's) (fig. 1).

Figure 2 shows the base model on which the NRIP model is patterned.
Activities built into the model include croppiny practices, crop selling, and
nitrogen fertilizei purchase. A set of rotations define the cropping
practices. The set of rotations are decision variables determined by crop
type, conservation and tillage practices, land group variations, ard regional
dirferences. The set of rotations are related through a set of production
restraints which include land, cammodity, nitrogen fertilizer, tillage
practice, soil loss, and water use. PA, land type, and crop type are used to

5




Figure 1
The 105 producing areas of the continental United States

assign values to restraints. Each crop has an associated upper bound on total
production possible for a given year.
NRILP MODEL STRUCTURE

The NRIP model quantifies the relationship between crop production, resocurce
use, and profitability using profit-maximizing criteria.

Objective Function

The abjective function in the NRIF model is to maximize the returns to land
and production management. This specific abjective function is used because
the returns represent the revemue that farmers forego when they restrict or
set aside cropland.

The abjective function is specified by:

Max Z =EEPijQij—ZZ?2G)im}ﬂ)im
ij iknmr

TZEE iy Xijgr - £ NPg (NFg + NRg)
ikmr s (1)

i =1,..., 105 for the producing areas.
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Figure 2

Schematic representation of the base model
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j =1,..., 10 for the following crops in sequence:
corn grain, sorghum grain, wheat, oats,
barley, soybeans, cotton, legume, hay{

v | ornmes Vo e o a) i 1
nonlegume hay, and com and sorghum silage.

k =1,..., 6 for land groups.
m = 1,..., 12 for conservation and tillage practices.
r =1,..., Rik for possible rotationc defined for procuction
area i and land group k.
s =1,..., 28 for the market regions.
where:
Pi5 = the price of crop j in producing area i.
Qi = the quantity of crop j produced in producing area 1i.

C(CT) jymr = the cost per acre for rotation r with conservati-n-tillage
practice m in lard group k for dryland (CD) and irrigated
land (CI) in producing area i.

XD(XT) jyr = the nmumber of acres in rotation r with conservation-tillage
practice m in land group k for drylard (XD) 2xi irrigated
land (XI) in producing area 1.

NPg = price per pound of nitrogen fertilizer in market region(s).

NF(NR) g = quantity of nitrogen fertilize:- applied to dryland (NF) and
irrigated land (NR) in market region(s).

Production costs for dryland {CD) an’ irrigated land (CI) exclude costs of
nitrogen fertilizer, land, and management.

Production and Resourre Restraints

Regional production and resource restraints are used to relate prevailing crop
production activities to resource uses. The production restraints provide
limits on the possible distribution of commodity production from rotation Rik,
using conservation-tillage practice m on la~d group k in producing area i.

The restraints are abtained from both Stat. and national da*a, described
later. The resource restraints set the maximum resource available for crop
production in each land group in each region. They are used to limit the
acreage oi each crop for various policy analyses.

1ind Restraints

Cropland in production is limited by cropland available in each producing
area.

land regions have land restrictions as:
Dry

Z X XDjxmr < DLix
nr (2)




Trrigated regions also have land restrictions as:

EEXIikmr< ILi%
mnr (3)

where:

DLijx = the number of acres of dryland available in land group k
in producing area i (i =1,.., 105).

ILjyx = the number of acres of irrigated land available in land
graup K in producing wrea i (i = 48,.., 105).

Commodity Balance Rows
Camodity prcduction in each region is camputed in the following way:

£Z 2 Ajymr XWikmr * Z2 2 bjgy Xy = Q4§ = 0
k mrej K mrej (4)

where:
Ajymr = Yield for crop j in rotation r using conservatic.a and tillage
practice m on land group k in producing area i
(B = irrigation yield).

Crop Production Pourds and Acreade Constraints

Both production bounds and acreage constraints provide a tool to restrict crop
production in each producing area. The production bound is:

Qij < OBij (5)
where:

QBj4 = the maximm quantity of crop j produced in producing area i.
The acreage constraint is:

2 wikmrXDikInr+ 2z VimXIi}mr<)mij
K m rej K m rej (6)

where:
W(V) i} = the fraction of dryland (W) and irrigated (V) acres for crop j
in rotation r using conservation-tillage practice m on land
group k in producing area i.
XAi4 = the maximun rumber of acres of crop j in producing area i.

Nitrogen Fertilizer Rows

Nitrogen fertilizer use in each producing area is calculated separately for
dryland ard irrigated cropland. The use on dryland is calculated as:

° 1<




Z I ZZ Fimr XDikmr = NFs =

ieskmr (7)
Fertilizer use on irrigated cropland is calculated as

£ SIEFjue X * & IZIEZCixm ijmr =~ NRg=0

iesknmr ieskmr (8)
where:

F(G) {)}qr = hitrogen fert.lizer needed to produce dryland (F), and
irrigated (G) ciops in rotation r with conservation-tillage
practice m on land group k in producing area i of market
region s.

Tillac » Practice Rows

The use of conservation-tillage practices is restrictad in each producing area
by the equation:

T E Wi + £ £ Xikmr = "Pim
kr kr (9)

where:

TAjp = the number of acres using conservation-tillage practice m in
producing area i.

Res- ~2 and Input Use Accounting Rows

Theaccamtingrowsareusedtotxackresanceardwate:us&foragiven
production pattern. These rows are converted into constraints for some policy

analyses.
Soil loss is calculated as:

Z Z Siymr Xikmr + £ £ Tikmr Xikmr = Skik
mr mr (10)

where:

S(T) ) = is *Me number of tons of gross sc.1l loss per acre resulting
from the production of dryland (S) ad irrigated (T) crops in
rotation r with conservation-tillage practice m on land group
k .n prowcing area i.

Slik = soil loss on land group k in producing ares !

Water use is calculated as:

LI X Ujymr XLjpme = WIj
kmr (11)

where:




Ujxmr = Per acre use of water for rotation r using conservation-tillage
practice m and land group k *- producing area 1i.

Wij = water use in producing area i.

ESTIMATION OF AVAILABIE IAND

The amount of land available for agricultural production is one of the maost
important restraints in the model. We usad 1987 National Resource Inventory
(NRI) dat~ to estimate both current and potential cropland available in each
producing area. The 1982 NRI provides crop acreages by county, reflecting
1982 crop year land use patterns. We aggregated the acreages in each
producing area for each land group, assorted by dryland or irrigated land.

land Group Delineation
Croplandaczwineadmprodmingamaareaggregatedirmosixlam

groups
according to specific criteria (table 1). The land capability class system
(7) 1/ served as our method for aggregating crop acreage data into eight

1/ Underlined numbers in parentheses refer to literature cited in the
References section.

Table 1--Iand group delineation

Land Erosiun 2verage
group | iand capability class | potential i crop yield

1 I Low Higb
IIva 1/
ITIwa

2 IIw, IIs, Iic Low Low
ITIw, IIIs, IIlIc
Iw, IVs, IVc

3 IIe, RKIS < 50 Medium Medium-high
IITe, RKIS < Su
IVe, RKLS < 50

4 ITe and IIIe High Low-medium
RKIS > 50

5 IVe, RKIS > S0 High Low-medium

6 v Medium-high Low
VI

VII

VIII

1/ Suffix denotes dominant limita*ion: ¢ = climate; e = erosion; s =
shallow, draughty, or stony soil; w = wetness; wa = wetness, but adequately
treated.
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capability classes (I-VIII). We further identified these classes by the
daminant limitation to continuous crop production, such as erosion, wetness,
stony soil, and climate. The land capability classes and subclasses were then
aggregated into land groups based on yield and RKIS values.

The RKLS value, which represents the physical characteristics of the soil (§),
was obtained by sample point from the 1982 MRI.2, The KKIS value reflects
erosion potential. Crop acres with RKLS values exceeding 50 are assumed to be
highly ercdibie. We made the assumption that cropland in each land group
would have approximately the same level of crop yield and erosion potential.
We therefore cambinred the land capability class system with the RKLS measure
of erodibility. The cropland in land group 1 cambines acres with the
capability class and subclass I, IIwa (where wa means adequately treated
wetland), and IIIwa. lLand group 1 has low erosion potential with high average
crop yields. Cropland in land group 2 includes crop acres in all subclasses
of lanG capebility classes II, III, and IV except e and wa. Group 2 has low
erosion potential and relatively low crop yield. Cropland in land group 3
includes crop acres of subclasses IIe, IIIe, and IVe which have RKIS's of less
than 50. Iand group 3 has medium erosion potential with relatively high crop
yields. The fourth land group consists of crop acres in capability classes
IIe and IITe which have an RKLS exceeding 50, while the fifth land group
contains cropland in casability class IVe which has an RKIS exceeding 50.

Thus land groups 4 and 5 have high erosion potential but slightly lower crop
yields than those of land group 3. Land group 6 consists of cropland in land
capability classes V, VI, VII, and VIII. This group defines fragile land. It
has the lowest crop yield and medium to high erosion potential.

Qurrent Cropland

Qurrent croplard available in each land group and producing area is defined as
the sum of the crop acres of the following 12 crops: corn, corn silage,
sorghum, sorghum silage, soybeans, cotton, wheat, oats, barley, summer fallow,
lequme hay, ancd nonlegume hay as determined in the 1982 NRI data. Table 2
presents a natioral summary of aggregated crop acres of these 12 crops in each
land group. The distribution of cropland acreage by land group in each region
is used as the upper bound restraint for the MRIP base solution. The crop
constraints are defined at the national, regional, and producing area levels
of aggregation (see equation 6). Crop acreage bounds are initially determined
by the crop distrilutions based on the 1982 NRI. These crop distributions are
adjusted proportionately to arrive at the actual national acreage for the
period being analyzed. However, the crop acreage bounds at each level of
aggregation may be relaxed as a requirement of the analysis. In analyzing
vhat effects a policy will have, for example, the analyst may relax the land
constraints to allow for interregional shifts in production. Otherwise, the
analyst is forcing the future to replicate current regional crop
distributiors.

Potential Cropland

We obtained estimates of acreage that can be converted from pasture, rarge,
and forest lands to cropland from 1982 NRT data. These acres are identified
as having either high or medium poti.tial for conversion to cropland. The

2/ A detailed definition of RKLS follows in the next section of the report.
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conversion cost is usually lower for the high-potential land. Table 3 shows a
summary of the national acreage with medium and high conversion potential for
each land group. We then constructed, for use with the model, the
distribution of potential cropland by producing area and land group, for both
irrigated and dryland acreage.

CROP PRODUCTICG:Y AND) PRODUCTION -
REfATED OOE:rTICTIENTS
Croppiny practices represent the <rop production activities in the model. A

cropping practice is defined as a sequence of crops, known as a rotation,
produced on a defined land grcup in a producing area using a specific tillage

Table 2—Summary of national cropland by land group 1/

ILand
group Dryland Irrigated Total
1,000 acres

1 58,037 9,690 67,727
2 86,284 15,746 102,030
3 142,071 15,837 157,908
4 21,115 218 21,333
5 8,976 268 9,244
6 13,991 2,214 16,205
Total 330,474 43,973 374,447

1/ Mcreage represents the following crop acres in the 1982 NRI: corn (grain

and silage), soybeans, cotton, wheat, oats, barley, soybean (grain and
silage), summer fallow, and hay.

Source: 1982 National Resource Inventory.

Table 3—-Sumary of national acres with a medium or high conversion potential

Medium potential High potential
Land for conversion to—- for conversion to-- Total
group | Dryland | Irrigated | Dryland | Irrigated | Dryland | Irrigated

J 700 acres

1 8.722 195 5,307 222 14,028 417
2 25,997 851 7,831 425 33,828 1,276
3 46,383 534 15,427 260 61,810 974
4 10,972 6 2,695 2 13,669 8
5 5,700 2 620 0 6,320 2
6 12,820 161 1,389 56 14,209 217
Total 110,5%~ 1,748 33,268 966 148,863 2,714
Source: 1982 National Resource Inventory.
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and soil conservation practice. The model includes 12 croos: barley, corn
grain, corn silage, cottan, legume hay, nonlegume hay, oats, sorghum, sorghum
silage, soybeans, summer faliow, and wheat. Each rotation is described by a
set of not more than four crops. The model also contains 12 possible tillage
and corservation practices. Each practice is a cambination of one of three

tillage methods (fall plow, spring plow, and minimm tillage) together with
one of four field practices (straight row, contour, strip, and terrace).

Each cropping practice has an associated set of coefficients reflecting crop
yields, production cost, soil loss, fertilizer requirement, and water use. We
estimated each coefficient. Estimation methods follow.

jeld fficients

The base yield for each crop is adjusted depending upon a number of factors:
the rotation in which the crop occurs, the land group on which it is produced,
the conservation and tillage practices used to produce it, and the producirg
area in which it is grown. These adjustments are cambined to produce the
yield coefficients. The actual yield for each crop determined in the model is
estimated in two stages. In the first stage, analysts determine the base
yield by using the modified Spillman functions developed by Stoecker (10).3/
The Spillman function estimates the base yield related to fertilizer
application level as the product of the various yield adjustments. In the
s~cond stage, analysts adjust for crop rotation by following the process
watlined by English and others (3). That is, when a crop occurs in rotation
with a lequme crop or summer fallow, the yield is adjusted upward. However, a
continuous rotation of a mutrient-intensive crop such as corn or wheat means
that yield must be adjusted dowrward. The conservation and tillage practice
adjustment is based on yield and tillage data abtained from the U.S.
Department of Agriculture's Soil Conservation Service (SCS) questionnaire.
Adjustments for the land yroup and producing area are achieved by first
creating a productivity index.

Productivity Index

The productivity index provides the relationship between the physical
characteristics of the land and its land capability class. The index is used
to adjust the yield coefficient based on which group and in which producing
a-ea the crop occurs. Estimating the productivity index is carried out in
tnree steps.

F1 ., productivity is indexed by land capability class and producing area.
The RKIS value corresponding to each land capability class is estimated from
the 1977 NRI. This estimate provides a productivity function that relates
crop productivity to RKLS values for each producing area.

Second, the RKLS values for each land capability class are aggregated to
produce weighted RKIS values for each of the six land groups. The RKLS values
for land groups 3, 4, and 5 are then camputed. For land group 3, only those
acres in land capability classes IIe, IIIe, and IVe with RKLS values under 50
are used in the aggregation process. For land group 4, only those acres in
land capability classes IIe and IIle with RKIS values exceeding 50 are used.
For land group 5, only those acres in land capability class IVe with RKLS

3/ Each State has a modified Spillman function.
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values greater than 50 are used. The RKIS values are weighted in the
aggregation process by the acreage associated with each NRI point estimate on
each land capability class and then cambined with the land group. The result
is an average PXIS value for each of the six land groups in each producing
area.

Third, the products of the first two steps are cambined. Corresponding to an
average RKIS value, a productivity index for each crop in each land group and
in each producing area is cbtained fram the relation between crop productivity
and RKLS value. Tne productivity index is then used to develop the final
yield coefficients.

Production Costs

Pmductimoostsareestinatedusi:gtheFirm'xtezpriseDataSystan (FEDS) .
Total production costs for each crop exclude cuuts of land and management.
Pmdtntimcostsamweightedfranthefﬂﬁregiastoﬂxeprodmm;ama.

Total production costs for each crop are broken into four major cost
categories (machinery, labor, pesticides, and other costs) and four other
expense items (nitrogen fertilizer, other fertilizers, water, and terracing)
(3). These costs are adjusted for contouring, strip cropping, and terracing.
Similar adjustments are made for tillage practices. The difference in farming
time between conservation and tillage practices, surveyed by SCS, provides the
basis for adjustments. Terracing construction costs are calculated from SCS
data (8). Prodtx:timcostsforacropmtatimarethesnnoftheweighted
cost camponents of all crops in the rotation. The average cost of irrigating
is then added to campute final production costs for each rotation carried out
in irrigated areas. Water costs were obtained from weighted prices of surface
water and ground water.

Surface-water prices are acreage weighted, average reimbursable costs of the
U.S. Department of Interior's Bureau of Reclamation water projects. Ground-
waterpriceswerebasedmvaluesdetexminedbymoskinardoﬂlers (2).

Prices of nitrogen fertilizer for 31 market regions were derived from nitrogen
prices normalized across States. These, in turn, were weighted by the 1974
Census of Agricul 's State and county commercial fertilizer use data (13).

Soil Ioss

The Universal Soil Loss Equation (USIE) was useu to estimate the gross soil
loes coefficient for the NRIP model. Gross soil loss represents the average
an..ual tons of soil displaced by water runoff.
The USLE, as described by Wischmeier and Smith (15), is expressed as:

A = RKLSCP (12)
where:

A = anmual soil loss in tons per acre

R = rainfall and runoff factor

K = so0il erodibility factor

Is
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L = length of slope factor

S = steepness of slope fac.or
C = cower and management factor
P = tillage practice factor

The value of RKIS for eacn sample point in the PA is multiplied by a
proportion of its representative area per land group in the PA. The result is
a weighted RKIS for each land group in each PA. These newly camputea values
of RKIS, together with the rotation and its corresponding C and P factors, are
used to campute the soil loss coefficient for each cropping practice.

ter i Fertilizer Uses

Crop rotations with an irrigation activity occur in P2's 4C-195. Each of
these rotations has a water use coefficient. The water use coefficients are
based on estimates of the net diversion water requirement for crop growth. A
net diversion requirement (NDR) for crops in PA i is estimated from the
equation:

NRDij = [(1-RFi)/(IEj) (DEj)] CIRij (13)
where:

CIRij = the quantity of water required in produciny area i by crop j.
IEj = the onfamm irrigation efficiency of crop j.

DE]j = the delivery cystem efficiency between the diversion point
and the farm for crop j.

RFj = the percentage of water unused by crop j which is returned for
reuse.

The parameters required for estimating NIRij were derived irom SCS data (11).

Nitroger. fertilizer use coefficients were defined by the net amount of
nitrogen fertilizer required for a crop rotation. The coefficient is derived
by solving the marginal condition in the Spillman function in estimating the
Ccrop yield for a rotation with legume crops. The nitrogen requirement
estimated from the Spillman function is then subtracted from the quantity of
nitrogen that legume hay produces during rotation. The amount of nitrogen
legume hay produced is estimated with the method Nicol and Heady developed
8.

INTERPRETATIONS OF THE NRLP BASE SOLUTION

Several outputs of the NRLP base solution for 1982 are useful for analyzing
the implications of retiring or restricting the use of cropland. Marginal net
reourn (MR) and average net returnn (AR) for retiring 1 acre of land are two
important pieces of information that can be obtained from the output. We
present an interpretation of these two estimates in a sample land use
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restrictior policy. We will use only two producing areas (PA's 41 and 42)
and two crops (corn and soybeans) to simplify the example.

The Lagrangian im of a rodi~ad NDTD VO S
TLagrangian tion of a

nme 1 O recduced NRIP model can be SHpIessEq as:

F=2- I ajx (EXDikr+SDLj_k-DL1'k)
ik r

= Z2Z Bj3 (ZZIZAjy XDjmr - Qi)
i) knmr

= ZI pij (Qij + SQi5 - QBjj) (14)
ij

where ajyx, Bjx, and pjy are the Lagrangian multipliers and where SDL{x and
5Qjj are slack variables. Values for these miltipliers and variables can be
abtained fram the base solution.

Because the model is linear, a global optimm is guaranteed if the Kuhn~Tucker
conditions are catisfied. The Kuhn-Tucker conditions are cbtained by setting
the partial derivative of the lagrangian function at zero.

Marginal and Average Net Returns

The base run solutior. produces “wo important estimates which are useg to
analyze various land use restriction policies. These are MR and AR for
retiring 1 acre cf land in each land group.

The MR is calculated by:
az* / dbLyy = o*j) (15)

where 2* is the dbjective function evaluated at the optimum solution, while
a*ik is the lagrangian miltiplier at ti. optimm. The value of a*ik
approximates how much the net return will be reduced fram the cdbjective
function value 2* if 1 acre of DLjy is removed from crop production. Table 4

shows marginal net reverues for PA's 41 and 42.

Values in table 4 can be interpretel ir the following way. The last acre of
land group 1 brings in a net return of $215 in PA 41 and $221 in PA 42, given

Table 4——Sample marginal net returns for an acre of cropland

Land group PA 4l _ PA 42




the crop production system the model describes. The MR values show that
farmland in PA 41 and PA 42 generally is camparable.

Average dryland net return (AR) can be calculated fram:
ARjjx = (€ T AjgrXDijlmrPij ~ DijlamXPijkmr) / £ £ XDjjxmr (16)
mr mnr

Table 5 shows the AR for producing corn and soybeans in each of the six land
groups within PA's 41 and 42. The values can be interpreted in the following
way. One acre of iand group 1 in PA 41 will bring an average net return of
$248 for yrowing corn and $166 for growing soybeans. It will bring $226 for
growing corn and $165 for growing soybeans in PA 42. Corn produces a higher
average net return than soybeans. The values also show that the average net
return for corn in PA 41 is comparable to that in PA 42. Camparability holds
for soybean production. Negative values in land group 6 for soybeans in PA 41
and for both crops in PA 42 indicate that it is unprofitable to produce either
crop on cropland defined by land group 6. These crops enter the solution
because they are planted in rotation witn other profitable crops.

Ancther estimate this solution generates is the margiial net return per unit
of production (MRP) Hije This variable measures the net returns from reducing
one unit of production’of a specific crop in each PA.

The relationship between ﬁijr Pij, and uj4 can be derived by taking the
partial derivation of the ILagrangizn ion F with respect to Qij.

The equation depicting the relationship is:
kij = Pij = Bij (17)

The value of Pij for corn in PA 41 is $3.08. Thus, reduction of the last
bushel of corn will reduce the net return $0.20 (u47,7), which is the
difference between the corn price of $3.08 and its opportunity production cost
of $2.88 (B41,1). The corresponding amount for PA 42 is 45,7 = 0, because
P42,1 = 342,1 = $§3.21. Since MRP is zero, a reduction of one unit of corm in
PA 42 will not reduce the net return from corn production.

Uses of Marginal and Average Net Returns
The MR estimated the net return to the last piece of land of a particular land

group entering into crop production without targeting a specific crop. The AR
calculates the average net return for growing a specific crop on a specific

Table 5—Sample average net revemies

PA 41 PA 42
land group Corn | Soybeans | Corn | Soybeans

Dollars




land group. 'memarginalnetremrnpermitofpmduction (MRP) camputes the
net return for producing the last unit of a specific crop.

The MR, in a land retirement study, can be used as an approvization of the
foregone net return after retiring 1 acre of land under the 1982 cropland use
pattern ir a region. The AR provides an approximation of the foregone net
return for retiring an average unit of cropland in which a specific crop is
grown. The AR may also accurately estimate the relative per acre Goverrment
paythmcasarytohﬁnefarmrstomdweacmageofspeciﬁccrops. The
MRD provides an estimate of the payment to a farm for reducing one unit of
production of a specific crop. A farmer in PA 41 should receive 20 cents for
reducing the last bushel of corn production fram the 1982 level, while a
farmer in PA 42 should receive no payment for the same action. Thus, these
values provide useful estimates for designing lan use programs, especially
supply control programs.

culati sament Cost for Jand Use Restriction Options

lhwmmitmstsﬂxerenmenttoimwelarﬂusedmgsmnbecalwlated
under bid or offer systems. It is assumed, under a bid system, that producers
mmitbidsrepmsmthgdeminimmpaymntmquimdtocmpemateﬂmfor
any loss of net returns resulting from land usc change. The foregone net
return for reducing each parcel of land thus equals the bid. On the other
hand, a specific per acre payment is offered to all farmers wrider an offer
systen,ardtheynayenrollasmnyacresasﬂ)eywishatthebaymntlevel.
FigmeBshavsmemlatiashipofﬂxetotalGovenmermpaMmderthebid
and offer systems. Total Goverrment payments for land retirement under the

Figure 3
Government payments under bid and offer systems

Net returns
per acre
(dollars)

C = -

A Acres reduced

16 22




bid system are represented by the area ABDE. Total Goverrment payments are
represented by the area ACDE under the offer system. The figure clearly shows
that the Govermment cost for retiring land is always less under the bid system
than under the offer system.

Gaverrment cost, calculated under the bid system, is the sum of the foregone
merginal net return for each piece of cropland retired. Because cropland is
aggregated by land group for each producing area, the aggregated acres of a

specific land group are assumed to approximate the marginal net return. The
sum of all the net returns by land group and PA produce an estimate of cost

under a bid system.

The followiny assumptions are required to estimate Goverrment cost for a
short-term land retirement option under a bid system: (1) No additional
administration or other costs are required for implementing a land retirement
program, (2) Retired land is paiu for according to its marginal net return,
(3) Production patterns w21l not change, and (4) Retired land is not put to
other productive use or econamic gain.

The model allows for adjustments in cropland use when users are

long-term land use restrictions. Farmers in long-term land retirement
programs may be allowed to put the retired cropland to other econamic use.
Use of the bid systan for calculating Govermment cost for long-term land
retirerent requires the following assumptions: (1) There are no
administrative or other costs for implementing land retirement programs, (2)
The net profit situation assumed in the base mode will not change, and (3)
Optimal cropping patterns are used in each region.

APPLICATIONS AND IMPROVEMENTS

The NRLP model has been used to examine three methods of retiring land aimed
at reducing crop production (14, 9). The first method was the least-
Govermment cost method. This method retiied marginal land in each region to
achieve a specific level of production cutback for the minimum Goverrment
expenditure. The second method targeted fragile land. Production was reduced
by targeting only land groups 4 and 5 (which have the most sheet and rill
erosion) ard land group 6 (which is fragile land). A third method used the
1978 program pattern. Production was reduced by cutting back output in each

producing area by following the Govermment's 1978 pattern of acreage diversion
and set-aside.

The model has also been used to evaluate production and conservation effects
of special long-term land use re-tvictions, whereby permanent easements were
purchased (1",

The NRLP model pruvides a powerful tool for analyzing other problems related
to soil conservation policies. Simple modifications to the model will enatle
researchers to analyze alternative land use policies such as cropland
retirement programs, optimal conservation-tillage practices, and integrating
soil conservation programs with commodity programs.

I1and Retirement

Manv long-teim land retirement programs can be analyzed with a modified base
model, usually achieved by eliminating, adding, or revising the restraints
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between crop production and rescurce supply. Data can be revised and updated
to reflect the long-term changes in productivity and profitability. Same of
the long-term problems that can be analyzed are (1) long-term conversion of
cropland to other uses, (2) long-term effects attributable to soil erosion,
and (3) efficient allocation of limited Goverrment resources for long-term
soil conservation.

Many short-term land retirement programs can also be analyzed by using a data
base system developed fram the 1982 solution of the base model. The data base
system provides detailed information such as current production cost, crop
yield, soil erosion, and crop prices for crop acres of each land group in each
producing area. Cost and consequences of various short-term land retirement
programs can be evaluated anmually. Soame of the prograr ; that can be analyzed
are: (1) strategies for retirin, fragile and marginal lands, (2) interaction
between commodity and soil conservation programs, and (3) dynamic allocation
of limited Goverrment resourcas to reduce soil erosion.

Tillage and Conservation Practices

Soil ercsion on same erosive land can be controlled by using different
conservation-tillage practices. Conservation-tillage practices are a
carbination of the following six elements:

(1) Types of tillage equipment (moldboard or disk plow) used,

(2) Time of tilling (spring or fall plowing),

(3) Intensity of tilling (mumber of times plowed),

(4) Crop residue management (removed or left),

(5) Type of tilling practiced (straight, strip, contouring, or
terracing), and

(6) Crop sequence (rotation) used.

Evaluating each cambination of practices on various land groups and producing
areas is very important. Each land group is likely to have a set of "best"
practices suited to its potential for soil conservation and crop production.

Because the production activities and conservation-tillage practices used in
the base model are defined similarly, the base model can be used as an
evaluation tool. Any activity can be preselected and built into the model so
that a particular set of practices targeted to various land groups can be
appraised.

Program Integration

Con.istency between Goverrment commodity programs and soil conservation
programs is vital. Camodity programs need to be assessed on the basis of
their cost and soil erosion consequences. Any newly developed soil
conservation program also needs to be evaluated for its effects on famm
incames and consumer expenditures. A program that leads to a desired level of
cammodity production while being consistent with soil conservation goals is
highly desirable.
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The NRLP model provides information on crop production, production cost, net
return, and soil loss on each piece of land in each land group in each
producing area. Data contained on plowing activities, potentiai cropland, and
land resources can be used to evaluate how changes in production subsidies
will affect conservation. The model can also be applied to studies of supply
control.

Model Improvements

One application of the NRLP model is to examine resource use of current crop
production in each of the 105 pruducing areas. The estimated current crop
production is imposed on the NRLP model in each producing area to achieve this
objective. But, there are problems associated with this approach.

Some minor crops are amitted in the base model, resulting in an underestimate
of resource use in each producing area. This shortocaning, however, can be
overor== v adding the production activities of minor crops to the producing
area.

The optimization method, rather than actual land use patterns, determines what
cropland is used in each PA. The optimization method assigns acres in each
land graup to various crops so that net returns in each PA are maximized for
the required crop production levels. Although production levels are
equivalent by definition, the difference between the land use estimate in the
model and the actual land use pattern in 1982 can be significant. The 1982
NRI data can be used to adjust the estimates for analyses that do not require
optimizing runs of the model.

Potential problems may also exist with the data base used to build the model.
These data need to be examined and improved. Productivity index data should
be compared with the results dbtained fram productivity models such as the
Erosion Productivity Impact Calculator (EPIC). Production cost data require
constant updating, particularly those costs associated with various tillage
and cunservation practices.

Since there are many ways to define fragilie land, it is possible that each
region may have different ypes: wetlands, wind erodible, and water erodible.
The data base should be designed to accammodate policies focusing on those
tyves. A researcher, by manipulating the data base, will be able to build a
new land base, calculate productivity indexes, and campute production costs
for the analysis of a specific land use policy or policies.

The limitation of the NRLP model stems from the assumptions of a linear
programuing model. These assumptions are proportionality, additivity,
divisibility, and certainty. Proportionality assumes dependence between

ion and other activities the model contains. The use of each resource
and the effectiveness of a production activity are directly proportional to
the level of the activity. Additivity assumes that there are no interactions
between any of the production activities. Therefore, the additivity
assumpticn requires that the total use of each resource and resulting total
measure of effectiveness equal the sum of the corresponding quantities
generated by each activity. The divisibility assumption asserts that the
activity units can be divided into any fractional level, so that noninteger
values for the decision variables are permissible. A similar assumption is
also applied to resource use. The certainty assumption maintains that all the
coefficients used ir each activity, and resources available, are constant.

23




Understanding the implication of the~e assumptions is important for using the
NRLP model ard interpreting its results. The limitations that these
assunptions present, hcwever, can be surmounted. There are same techniques
which can be used to avoid or lessen the effect of any of the assumptions.
They should be used to construct any NRIP model which will assess policy
problems, since policy applications require special treatment.

Model Update

The NRLP model was designed before 1982 NRI and 1985 RCA data were available.
Thus, our description of the model is samewhat outdated. The data sources
used to construct the NRLP have been replaced, but the model structure remains
unchanged. (See the appendix for methodology and data used to update the
model ).

Sample Policy Analysis Using the ‘NRIP Model

The NRLP model provides econamists with a means to analyze the effects of
agricultural and conservation policy on regional and national agricultural
production. Its ability to capture the shifts in input use, land shifts, and
production practices in response to price ctanves and regulatory constraints
allows economists to understand the consequences of agricultural policy.

We used the NRIP model, updated to 1985, to estimate the regional implications
of a lard restriction placed e highly erodible soils. We used a recursive
modeling technicue to link estimated prices obtained fram the price-response
equations of an econametric model with the supply response algorithms of the
NRLP model. The techniaue ties together a system of demand equations with the
NRLP model's system of supply equations (6, 1).

The NRLP adjusts acreage and yields based on price and cost changes, while the
econaretric model adjusts price and quantity demands based on production
changes. 'the two models are linked in a base year by forcing their national
solutions to have equal cammodity prices, acreages, yields, and production
ousts,

The program used in our example aims at retiring 45 million acres of highly
erodible cropland by 199C. Retired croplard was distributed across production
r.~ions by eliminating the most erosive and least productive land from the
Nk. .odel's acreage base. This step was taken to determine the program's
effects on the base estimates. The process was carried out incrementally,
until 45 million acres of highly erosive land were removed from the model's
acreage base. Econametric projections were then used to set both commodity
prices and supply necessary to support those prices (table 6). The NRIP is
then used to estimate the regional adjustments in crop rotations, yields,
conservation and tillage practices, erosion levels, production cost, and crop
acreages.

Results

Table 7 shows crop acreages of seven major crops for 1987, 1990, and 1995.
The general trend indicates that cropland acreage will remain constant from
1987-90, and will then increase 7.6 percent by 1995. Because regional
distributions of cropland were held constant by invoking regional acreage
constraints, the model yie 'ds little information on shifts in regional
acreage.

2b
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Although the quantity of croplar in production is important, production of
individual comnodities is of greater interest. shifts in the relative prices
of camodities will imcuce changes in crop rotations, tillage practices, and

1abl? 6—Commc..ity acreage and pric? projections

|

oo ity Unit 1987 1990 | 1995
Wheat Acres 1.000 0.969 1.085
Dollars 1.000 1.089 1.156

Corn Acres 1.000 .962 1.021
Dollars 1.000 .970 1.030

Soybeans Acres 1.000 1.079 1.140
Dollars 1.000 1.010 1.104

Barley Acres 1.000 .936 1.009
Dollars *.000 1.000 1.069

Sorghum Acres 1.000 1.076 1.144
Dollars 1.000 1.032 1.032

Oats Acres 1.000 .987 .955
Dollars 1.000 1.043 1.000

Cotton Acres 1.000 1.067 1.076
+Dollars 1.000 1.070 1.123

Table 7-- Regional crop acres, 1987-95 1/

Region 1987 | 1950 : 1995 —
1,000 acres
Northeast 5,566.0 5,603.0 6,177.0
Appalachia 11,748.0 11,845.0 12,613.0
Southeast 9,408.3 10,149.3 10,481.3
Delta 24,208.0 24,901.0 26,913.0
Corn Belt 67,265.0 67,967.0 72,485.0
Lake States 13,532.5 14,292.3 15,107.5
Nortbern Plains 41,747.6 41,808.6 47,5347
Southern Plains 21,489.4 20,433.5 21,362.5
Mountain 16,398.2 14,237.2 14,744.2
Pacific 8,254.4 8,122.4 3,750.4
Total 219,21 219,359.2 236,168.7

1/ Crops used were barley, coimn, cotton, ocats, sorghum, soybeans, and wheat.
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agricultural produc’ .on. .. is these yield responses and the consequent
production changes that shed light on agricultural policy effects.

Tables 8-11 show corn and wheat acreage and production. Corn and wheat acres
in each region change by the same amount across regions, consistent with model
constraints.

Note that the change in the amount of production of these crops varies fram
region to region. Extreme examples of these variations are the sharp decline
in corn production in the Mountain region and the large increases in wheat
production in the Delta, Mountain, and Northern Plains regions. Results
generated frar the model indicote that farming practices in the regions vary
in their ability .o raise yields while increasing net revermes. Practices
which are shown to change are the types of crops irrigated, the quality of the

Table 8--Change in corn acreage, 1987-95

Region 1990

Northeast -0.038
Appalachia .N38
Sautheast .042
Delta .038
Corn Belt .038

lake States .038
Northern Plains .038
Southern Plains .061
Mountain .041
Pacific .038

Total .039

Table 9——Corn production distribution by region, 1987-95

Region 1987 = 1990 | 1995

Northeast 0.03186 0.03182 0.03212
Appalachia .04714 .04712 . 04647
Southeast .01889 .01778 .01764
Delta .17559 .18060 .18061
Corn Belt .56309 .57479 .57432

Lake States .00175 .00177 .00175
Northern Plains .12953 .11522 .11701
Scuthern Plains .01655 .01702 .01608
Mourtain .00963 .00778 .00800
Pacific .00597 .00610 .00601

1.00000 1.00000 1.00000
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land used to produce corn and wheat, forms of tillage, and the quantities of
inputs used.

A key strength of the NRLP model is its ability to examine the effects of
agricultural policy on the Nation's soil resource. Table 12 presents
estimated total soil erosion for 1987, 1990, and 1995. Two important effects
can be cbserved. The first is a 25-percent decrease in total sc.l erosion
that results from removing 45 million acres of highly erodible cropland from
agricultural production. The second is a 0.5-percent increase in soil erovsion
that occurs as the acreage under cultivation rises in response to the higher
prices expected in 1995.

Table 10—Change in wheat acreage, 1987-95

Region 1990 | 1995
Northeast -0.031 0.084
Appalachia ~.025 .054
Southeast .000 -.094
Delta .029 .154
Corn Belt ~.031 .084
Iake States -.030 .075%
Northern Plains -.021 .096
Southern Plains -.037 .074
Mountain -.031 .084
Pacific -.030 .088

Total =.025 . 084

Table 11-—Wheat production distribution by region, 1987-95

Region 1987 | 1990 | 1995
Northeast 0.00735 0.00641 0.00633
Appalachia .03214 .03091 .02991
Southeast .02173 .02197 .01735
Delta .03857 .03995 .04055
Corn Belt .10905 .10514 .10536
Lake States .09479 .08746 .08620
Northern Plairs .34179 .34827 .35209
Southern Piains .11932 .11671 .11464
Mountain .14351 .14912 .15353
Pacific .09175 .09406 .09405
Total 1.00000 1 90000 1.00000
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Table 13 shows the effects of agricultural policy on net farm reverme. It
suggests that, nationally, net farm revemBs‘are éxpected to rise in 1987-95.
The rise, however, is distribuated unevenly across regions. The Corn Belt and
Southern Plains will have the largest dollar value increase in net returns

during this period. Tiae reason for this 1

value of agricultural production in those
positive to a negative net reverue. The deficit in the Northern Plains

shrinks, but expenditures contime to exceed rov
subsidies are incorporated into the enalys
net revemks. The only change in the regicnal
<he rise of the Northern Plains, resulting £

payment funds.

arge increase is due to the large

regions. The Northeast moves from a

Table 12--Regional wind and water erosion, 1987-95

emues. When production

is all regions will show positive
distribution, however, will be
ram a large influx of deficiency

Region 1987 1990 1995
1,000 tons of soil
Northeast 176,582.8 164,254.1 165,786.6
Appalachia 271,333.1 195,090.9 195,335.1
Southeast 186,254.1 122,069.9 125,227.1
Delta 290,970.7 163,027.9 155,155.0
Corn helt 971,751.8 655,206.6 645,112.5
Lake States 292,763.4 270,554.2 280,644.3
Northern Plains 605,013.6 406,849.8 413,874.8
Southern Plains 538,420.8 476,771.3 481,987.5
Mouitain 461,408.9 366,827.5 369,715.3
Pacific 89,064.0 75,237.2 78,136.1
Total 3,883,963.1 1/  2,895,889.2 1/ 2,910,974.3

1/ Colum does not add due to rounding.

Table 13-——Change in net returns, 1987-95

Region 1990 . 1995
Northeast -2.0 -1.6
Appalachia -.3 -3.3
Southeast -.5 1.8
Delta .1 .8
Corn Belt .1 .8
Iake States .2 4
Northern Plains -1.8 - .5
Southern Plains 1.0 1.5
Mountain 2.4 4.1
Pacific .3 .4
Total 7 1.0
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When analyzing input use change by means of the NRLP model, researchers should
supplement the model with data on current input use and future input prices.
Changes are best expressed in percentages. Table 14 presents chamrjes in input
use between 1987, 1990, and 1995. Between 1987 and 1990, there was little
change in acreage cultivated but a shift to less intensive crop production.
These trends, as well as the increased use of conservation tillage, explain
the decrease in tillage energy, machinery costs, nitrogen applied, and labor
costs. The increase in pesticide use is also due to greater use of
conservation tillage practices. Acreage in crop production increased 8.5
nercent between 1987 and 1995. This increase in tilled acreage together with
the use of conservation tillage practices explains the shifts in input use in
1995,

This example shows how the NRLP model can be used to analyze the effects of a
program that reduces tne amount of highly erosive cropland in agricultural
production. The same techniques could have been used to examine other
conservation facets of the 1985 Food Security Act such as crnservation
campliance, the sodbuster provision, and the swampbuster provision.
Conservation campliance can be modeled by placing restrictions on the model
which prohibits cropping practices resulting in extensive erosion. Extensive
crosion is erosion in excess of twice the soil tolerance level. The NRLP
wor” 2 then select the most profitable tillage and conservation practices
needed to meet this carstraint. The swampbuster and sodbuster provisions can
be examined by constraining the land conversion activities in the NRIP.

Tapble 14~—Change in input use, 1987-95 1/

( Change from 1987 in—
Item _ Unit | 1990 | 1995
Percent

Tillage energy Billion gallons

diesel fuel -2.5 3.5
Machinery costs 2/ Billion dollars -2.3 3.6
Labor costs 2/ Billion dollars -2.4 3.5
Festicide costs 2/ Billion dollars 3.4 14.0
Nitrogen applied Million tons -1.0 7.3
Potash applied Million tons 1.0 8.5
Phosphate arplied Million tons 1.2 8.0
Total acres planted | Million acres .8 8.5

1/ 1985 constant dollars.

2/ Calculations performed on the seven major cammodities of barley, com,
cotton, oats, sorghum, soybeans, and wheat.
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APPENDIX: UPDATING THE NRLP MODEL TO 1985

We describe the procedures used to produce a crop MIDSET for the NRIP mcdel,
cermed NRLP MIDSET. It is derived from the crop MIDSET used in the 1985
Resources Conservation Act (RCA) analysis, hereafter called RCA MIDSET.

MIDSET is a data set containing detailed input uses, cost of production,
yield, and soil erosion for each cambination of crop rotation and
conservation-tillage practices. The procedures condense the RCA's MIDSIT of
land groups into a NRLP MIDSET of six land groups. This MIDSET is used to
update the NRIP to 1985. Appendix table 1 shows the difference in land groups
between the two models.

Camparing the land groups between these two MIDSETS results in tr following
dbservations:

(1) ILand groups 1 and 8 of the RCA MIDSET are identical to land groups
1 and 6 of the NRLP MIDSET.

(2) Land groups 5, 6, and 7 of the RCA MIDSET are combined int» land
group 2 of the NRLP MIDSET.

(3) The land in groups 2, 3, and 4 of the RCA MIDSET is rearranged into
land groups 3, 4, and 5 in the NRLP® MIDSET.

Yield Coefficients

These three observations indicate that the yield indexes of land groups 1 and
8 in the RCA MIDSET can be used directly. Furthermore, weighted yield indexes

Appendix table 1--How the RCA and NRLP MIDSETS define land groups

RCA MIDSET NRTP MIDGET
Iand group IOC and SC 2/ | I0C and SC 1/
1 I, ITwa, IIIwa I, ITwa, IIlwa,
2 IIe IIc, IIIc, Ivc, IIs, IIls,
Ivs, IIw, IIIw, ITW
3 IITe ITe, IITe, IVe, RKIS < 50
4 Ive ITe, I1Ie, RKIS > 50
5 IIc, IIIc, IVc IVe, RKIS > 50
6 ITs, IIIS, IVs vV, VI, VII, VIII
7 ITw, IIIw, TVWw
8 vV, VI, VII, VIII

1/ ICC and SC dencte land capability class and subclass.
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for land graup 2 of the NRIP MIDSET will have to be developed from the yield
indexes of land groups 5, 6, and 7 of the RCA MIDSET. The new Yield indexes
are camputed using the following equation:

7
NYI;32 = Ek;b' RiTijk 2ijK  for a1l i and 5, (18)
Zi=s Ajjx

whemNYIlzistheyieldixﬂexforcropigrwnmlardgmxpzinpmducing |
areaj,whidxisdefimdintheNRIPmmEI‘:whereRYIikistheyieldindex ‘
ofcropigzwnmlanigmpkinproducingareaj, wh.jmdaisusedinthe!m
MIDSEI‘:aniwhereAijkismecmpacreagefori, j, and k obtained from NRI

data. 'IhenewNYmijz coefficient is computed using the equation:

NYID;5, = KPijs X Nlijp (19)
¥Iijs
A procecire to derive the yield indexes for land groups 3, 4, and 5 follows.
IetAlijkardAzi-kbetheacraofcrop iin land growp k (k =2, 3, or 4) in
aut.h RKID < 50 and > 50, respectively. ILet RYI;j4x be the RCA
yield indexes for i, j, and k (k =2, 3, or 4). The new yield indexes can be
camputed using equations (20)-(22):

For land group 3, in NRLP MIDSET we have:

NYIjj3 = k—i; (20)

For land group 4, we have:
2 Z
& RYI;ik X A iik
NiLjje = 2 ? ) (21)

z A%k
k2

For land group 5, we have:

NYI;yg = RYI 44 (22)
Using equations (20)-(22), we develop a table of yield indexes of crop i on
larxigmxpkinproducingamajbobeusedformeNRIPMHBET. The new

yield indexes are used to adjust the yield coefficients in the RCA MIDSFT.
New yield coefficients are calculated using the equations:

NYLDjj3 = RYIDjj5 X NYIjj3 (23)
ij2
NYIDj44q = %ﬂgijz X NYIj4q (24)

YI1i42




NYLD;y5 = R¥IDjj4 X N¥Ijys (25)
ij4
where RYIDj44> and NYID .4y for k =2, 3, and 4 are yields for crop i in
region j, 1h"RCA and NRLP”MIDSETS,respectively.

il Coefficients

The soil loss coefficients in land groups 1 and 6 of the NRIP MIDSET are
identical to the ccafficients in land groups 1 and 8 of the RCA MIDSET. The
procedures for estimating the coefficients for land groups 2, 3, 4, and 5 of
the NRLP MIDSET are described. The procedures allow researchers to calculate
soil loss coefficients by using Universal Soil loss Equation (USLE) data in
the RCA MINSET. The method for camputing coefficients for land group 2 of the
NRLP MIDSET has three steps.

(1) Campute weighted RKLS for land groups 5, 6, and 7 in each PA from
the RKLS values by using the 1982 NRI data.

(2) Camute the acreage (ACj4) RKLS of land groups 5, 6, and 7 in the
RC’MIIBEI'byusmgNRIgata The average RKIS T4 for region j is
camputed by using the following equation:

7
.E (RKLSij X ACij)

Ty = i=5 (26)
7

z Ai'

j=5

(3) Read rotation activities of land group 6 in the RCA MIDSET. The
USIE and RKLS values in each rotation are used to calculate the CP
by the equation:

CP = USLE (27}
RKLS

The adjusted soil loss coefficient from the rotation is computed by using the
equation:

NUSLE = CP X Tj (28)

Land group 6 in the RCA model is selected as the basis for computing soil loss
coefficients of land group 2 in the NRIP model. The estimated coefficients
will give higher soil loss than the averaged estimates of land groups 5, 6,
-and 7 of the RCA MIDSET. The discrepancy, however, probably will not
significantly contribute to total regional soil erosion because the summed
acreage of these three land groups is small.

The soil loss coefficients for land groups 3, 4, and 5 of the NRLF model are
estimated fram data of land groups 2, 3, and 4 in the RCA MIDSET. The
estimation procedure is carried out in three steps.

(1) Coampute RKLS for land groups 2, 3, and 4 of the RCA MIDSET for each
PA by using the 1982 NRI data.
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(2) Compue the weighted RKIS for land groups 3, 4, and 5 used in the
NRLP model from 1982 NRI data.

" A a—aE
2, 4, ama S5

we campute the weighted average RKLS for land groip

(T34, T4, Tsj) in PA j for the NRLP MIDSET, using the following
equations:

4
= Blyx x RKLS;,
T2 TR
z B‘jk
k=2

_ B%4, X RKISj, + B%j3 x RKIA43

szz + B2j3

Tsj = RKLSjq (31)

wnere Bli,, Bli,, and Bli, are cropland acres with RKLS < 50 for
]2 13 J4 2

land groups 2, 3,ard4;ard,wherij2, sz3,and82-4are

cropland acres with RKLS > 50. RKISyy, MSj3,a11dm<ZSj4aretlwe

average RKLS values for corresponding lard groups 2, 3, and 4 in PA

j. These values are also calculated from the NRI data.

T4~'

J (30)

(3) Use USLE and RKIS in land group 2 of the RCA MIDSET to calculate
soil loss coefficients of land group 3 in the NRLP MIDSET. Use USLE
and RKIS data in land group 4 of the RCA MIDSET to calculate the
soil loss coefficients for land groups 4 and 5 of the NRLP MIDSET.
The procedure uses equations (27) and (28).

Cost Coefficients

Production cost per acre for each nonirrigated production activity is the sum
of the following costs: machinery; labor; pesticides; phosphorous, potassium,
and initrogen fertilizers; terracing; and liquid propane gas.

The following application costs are added, in the case of irrigated production
activity: variable, fixed, and sunk. Most of these cost items will be
constant for a specific type of rotation in 2 producing area regardless of
land groups, except for the following items: phosphorus, potassium, and
nitrogen fertilizers, and liquid propane gas for drying.

Yield level determines the cost difference between land groups. Different
land groups have different levels of yield, and these costs are adjusted in
proportion to yield change. The following procedure describes how to estimate
the cost coefficients for the NRLP MIDSET.

(1) Cost coefficients for the second land group in NRLP MIDSET are
estimated in the following way:




(2)

(3)

where RYIj45 is the yield iidex coefficient in the MIDSET of the RCA
MIDSET. ij2 is an index calculated by equation (18).

By using YR, the new costs are calculated by the equations:

~d4

NPHOS;j2 = YRy, X PHOSjys (33)
NFOTA{j2 = YRjj2 X POTAjj3 (34)
NNITR{j2 = YRjj2 X NITRjjs (35)
NLEGjj2 = YRjjp X LPFjis5 (36)

PHOA . 50 POTAj{45, NITRj4, and LPFij are variables fi r phosphorus,

1um, nif.%ogen, ana liquid propane in the RCA MIDGET. The
variables NPHOS;45, NTTRj42, NITRjjp, and NLFGjjp are corresponding
variables used i the MIDSET.

Cost coefficients for land groups 3, 4, and 5 of the NRLP MIDSET are
calculated in the following way. The yield indexes YIj43, NYI;44,
and N‘.’Iijs, which were calculated from equations (21)-(33), are
used. Procedures similar to those shown in equations (32) and (36)
are used for the computation.

The cost coefficient in land groups 1 and 6 in the NRLP MIDSET are

the same as the coefficients of land groups 1 and 8 in the RCA
MIDSET.
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