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TRADE-OFFS BETWEEN FARM INCOME AND SELECTED ENVIRONMENTAL INDICA-
TORS: A Case Study of Soil Loss, Fertilizer, and Land Use Constraints. James Kasal. Nuatural
Resvucee beomainies Division, Beonomie Reseatch Service, U.S. Department of Agricutture. Tech-
pical Bulletin No. 155G,

ABSTRACT

Changes 13 faga meome assocated with alternatve restictians on soil luss, fertibizer use, and
the land wse iy are apaly zed. A lrear prograsunming wodel s wsed to estinate the elteets of the
restctions, which were deseloped as indicators of environmental quality . Lftects ot o partial Hood
contral program ot fann meome and the environmental quality mdicators are also exanined.

Under <ouditions asstimed 1 By analysis. testrictions on fertilizer use reduce et farm income
more thalt constiainis on ether soil loxs ar the Lind use mis, So loss constraims redoce net
tevente ard fertilizer wse wile mereasing the diversity of land use. Constrants on the land use
i reduce net revenue. soil foss, and fertitizer use. Al of the constraints, cither singly orin com-
Prnaten. deciease net resenue and fertilizer use. Flood retarding structures mitigate revenue
fosses oty ightly and Jo nat signicantly chaoge ellects produced by cnvitonmentat consteaints.

Publie polcies teguinmng lower erosion rates, reduced fertilizer use, or increased dwversity of
Lod e could effect rurat resources and foud and fiber production. Achieving uny ol those
eviranmental changes has aecompany ing trade-offs in frm ncoar,

Revwouly  Trade-ofts, Leonomic impact, Environmental quality, Small watersheds, Soil toss,
Fertilizer use, Spangl heterogeneity . Land use min, Linear programming, Evaluation,
Foviioninentul constraints.
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Washington, D.C. Ausust 1976
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HIGHLEGHTS

Wit are tue impacts on faan incume of selected
constainty that improse tte environmtent? The con-
stranks stidied were eftorts to reduee soil foss, to teduee
tertifizer e, and o merease spatial hewerogeneity
Gliversiey of Land wse), Ten hinear prograny solutjons.,
based on these three constrants and their combinations
plins o thood protection tactor, were develuped o depict
varving levels ol enviconmental enfuncement,

W public policy wandates such chapges, latge meen-
Dves o severs pengliies miay be necessary ta ollsel cun-
seduetiees wl tedueed lanm ieone,

At utconstramed sobution was developed o identily
the prolt maanusag patential of a case study nver
Pasit, Net L mvome cliinges resuliing from environ-
HE constrants were computed and compared with
L intonstrained solutron, Although soil loss contoul 1s
treaded e this stndy o< g Lactor consbriming Tarm
wivonwe, it s clear that wreheched soil Tosy wotld also
kower Pt meowne vver umie. Theretore, the cost of
#ivnenuental constraints tends to be overestimated,

[iw wnconstiained solution prodeced 4 wial net
el ob $24 37 mllon oroan average of $59.17 per
productive acre. The hnd use quy wsubtting frone the
uienistrattted sadutton vielded o spatial Tieterogeneny
undes (51111 or 83235 compared o g possible maximum
e ab XIS 230 SHE oo micasure ol the diversity of
the apencultoral landscape and reaches o maximum valoe
w i the proparon al all land uses are equal.

Sl foss restirctions had the fedst nregative imypaet on

teventue ub the three types ol constraints applied.
Restoicting soil foss to dess than 10 tonys per aere reduced

s B T |

Tofa! basin tevenue tu S milon, g decline ol about 9
peivent. But. ol pereent ol the unconstrained soil Joss
Progn contlihuting aereage (2602 tans per aere) was elim-
mated. The revenue cost of the 1U-ton constraint was
approsdnately 33 cents per ton tor the rediced soil loss,

A Scpon-peraaere suil loss constraint reduced soil loss
By S0 percent and revenue dectined by o percent to
S304 oulhoen. This was equivalent to a decline in
revenie of gpproxinaich 35 cents per ton of reduced
soll foss per avre.

Fectifizer restnctions wdueed net revenue more than
dud constrinnts on soil loss or land wse, Restricting lerii-
lerer use tu about current average levels reduced lertilizer
e by about 6 percent below the income-maximizing
level, Such a restriction reduoeed wital net evenue by 20
pereent o SE4S mudlon. Bach T-poumd reduetion in
rhler uwe results in g Yoent-per-acre deorsise in
revenue. Reducing Fertilizer use invreases suil loss by 27
pervent to 33 10 Lo PR dere per vear.

Roestiteting terudizer =0 a low fevel o use had an even
areater negatne eHect on revenue. Total revenue tn this
ciserounted o 8175 mgllion, ur 28 pereent below the
tiweistrated vase bach Topound reduction m fertilizer
pesnited w10 Teentoperacre decrease 1 revenue, Soil
foms wots creased Lo 33018 tons per aere per yedr.

Cunstraints un the land use were designed (o maxi-
mize the SHL As in thie uther cases. when a constraint
wis impased on the system, net revenue suttered, Total
basin revenve [ell by 17 percent o $20.) million. Seil
loss was also reduced by 19 percent and fertilizer use
decreased 33 percent. The SHI rose to 2.00158.

Applvig constraints in combination Imposes a more
restriciive set ol conartions, Simultaneous restrictions on
Il fertitizer Use and soil loss reduced revenue substan-
tidlly nore than when either variable was constrained
individually. Towever, the reduction i revenue {rom a
simutitaneons combination of constraints was less than
the sin ol revenue reductiony resulting from separate
canstiaints,

A combimation obf o fertilizer construint with a
restietion on the land use mix also reduced nel revenue
winle soil losses remained high. This conbination of con-
straints tended to equalize land uge and the SHI in-
creased to 205448, This indicated that reduced ferti-
bier use was complementary with a restriction on land
use in chonging the cropping patters. The SHI for this
solution was higher thas when the land use mix was
constralied by itselt hecause reduced tertilizer usage
furced 4 more equal distribution of acres amonyg corm,
surghuin, and soyvheans.

The combination of a low lertilizer constraint with
a S-ton-per-acee soil luss vonstraint was the most restric-
tive case studied. Total revenue For the basin amaunted
to only §13.36 million. This was a decrease of over 45
percent (ront the revenue abtained under unconstrained
conditions, Average tevenue per acre was $37.65. The
SHIL was 89314, relatively higlt when compared to
ather solutions,

The fast case studied added a partial tlood protection
program, that is, floodwater-relarding structures, to the
low fertilizer and S-ton-peracre sofl loss solution. The
addition of a partial tlooed pretection program to the
tight environmental constrains mitigated revenue losses
stightly, Total revenve amounted to 513.43 million or
an average of $37.98 per acre. Fectilizer use and soil
losses remained almost identical to those obtained with-
vut the flood contro] program, Even though the SHI of
1.89856 shuwed marginal improvement, the addition of
the structures produced no real discernible change in
land use. In general, tight environmental constraints
had rather lzrge nepative consequences, but the addition
uf floed pratection did not provide any significant
change in the effects of these constraints,

More alternatives need 1o be explored o fully assess
the various interdependencies that take place between
different environmental objectives. [n sun1, this analysis
provides sume  evidence that achievement of lower
ernsivn rates, reduced fertilizer use, andfor increased
diversity of land use would tnvolve significant reductions
m et larm income,
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TRADE-GFFS BETWEEN FARM INCOME AND SELECTED
ENVIRONMENTAL INDICATORS

A Case Study of Soil Loss, Fertilizer, and Land Use Constraints

Jurnes Kasa!
Agricieleiergt Locaomist

INTRODUCTION

Water and aelated ind resomce development pooects
such o Hood control, nugaton, or draiage works hasve
wiallt been fisttied on e basis ol economic effi-
aengy More tecentiv, the Anrenicen pubiic has been
pressitte deselopment progian dgeudtes for g bivadened
cotshietdtion ot the beneltoal and adverse etfects of
TS e devgiopieng

In wespondiny o thiese pressues. the Water Resoueces
Coundl, compased of edenal agencies with tespansibiii-
s i developny matanad resoveces, has specitied g
mutt-obectine approdch (o cwddnaton of development
wf prerects - This maliiobiecuye approach gives equal
werght toopationad econinatie development nd enviros-
mentat quality oy vpjectves o planag water and
related dand  pesouroes. Pubhe nmnvolvenient iy water
resonree devclopinent progects hias dlso inereased  the
unpertance of emiremmental quabity s oa planommg
vppative

Prosstifes to prosersy or enfrnee envireeimental vakues
ur tesonree phanning will probably mtensity. Therefure,
oy Gooosatty b0 develop antonmaton aof o only on
souehy s emsviotunentd goads but abo on the oppor-
Lty ooty fehe tvpes and diotnt of ccunomie gouds

Woater Resoaroes Connted, UWater sod Related Bamd Ree
wnnoes Daabinient af Poeaples wond Staadards for Plan-
e Pederit Reenters Vol 380 Moo 174, Part TH, Monday,
Sept. f 107 Washimeton, DL pp, 2478124782

that must be foregone} in achieving these gouals. Such
intormation should eontribute o the information base
on which government deusions regarding the use, man-
agement, ad development of natural resources can be
made,

This rescarelt does not endorse any speeific evalua-
tion technique nor does i present a betier method tor
planning and evaluation. The principal objective of this
study is to formulate a methodology for identifying and
analysing some of the trade-offs between farm incame
amd varions envirommental quality indicators.

This study was almed toward investigating ways in
which government policies and controls can be directed
or formulated to achieve desited social ebjectives of
environmental improvement through the use and man-
agement ol natural resources, Bevause local and national
coneetits about enviconmental quality have resulied in
the establishmet of new public programs and reorien-
it of existing enes, more information iy needed in
order to better understund the possible economic im-
pact of these changes.

This study was limited to agricultural activities even
thonah envirnnmental degradation i roral areas is not
catsed by agriculture alone, This rescarch sheds some
hght on the problem of preventing further environ-
mental degradation and how actons aimed at ameliora-
nug thys problent mteract with otier USDA responsibili-
ties of maintaming rutal income and employinent along
with asstite an adequate tood, teed, and liber supply.
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THE MODEL’

A trade-off is the exchange of estimated benelits and
costs resulting from alternative plans of action. Alterna-
tive plans of action considered in this study were
designed to have vorying degrees of increased farm
meome and environmental quality as their objective,
Environmental quatity benelits were not handled eaplic-
itly in the model: they were assumed 1o be equal to the
changes in farm (ocome rosuliing from impusition of
environmental constraints, Goly wmeome trade-olty wore
considered. The disaribution of these trade-ofls among
{armers and various incone groups is also important but
wis 1ot considered i the model.

A linewr proprammmg wwodel was developed as the
mast Leasible method for evaluating the varous alterns-
uves, Wath  lmewr  programming  anulysis. econamiv
alternatives can be evaluated as various traditional and
envirotmental owtputts are provided. Also, the hnear pro-
Srammig osvstem can be copustructed  to o take into
aecount quality s well as quantity conswderatons,

Eunnomic eliaency was retmned as the magor objec-
tive ab suciety . prolit masimization was used as ifs
measire. Fhe selected environmental constraints pro-
Juved changes in the revenue generated.,

The enviromuental lnear programming model used
hiere incarporates some features ol the Generalized Aan-
culineal Prodoction Avalyvtcal System {GAPAS and the
Forest  Range  baovieonmmental Peoduction  Analvtical
System (FREPAS), both developed n previous USDA

lor g omere detnled esplasaiion of the muodel, see the
appeniddn.

stutdies.®  Beefly, the model is g matrin of land use,
ipui-output coetlicients, and demand equations. The
system uses linear programming mathematics (o maxi-
mize peofils by combining seils and crop possibilities in
the most ellicient manaer. In practice, constraints,
watershed  subdivision, soil resource groups. consarva-
tion practices, lertilizer rows. soil loss rows, and land
use rows complicate the syglem.

While the model uses linear progranmming as o tood
i perfomming analysis and evaluation, the model is
hetter understood if # is deseribed as a compulerized
resouree inventory with controls to Mt the choices off
crops ta levels within reasonable physical, cobtoral, and
sociab limits, lts use is w0 simulate and measure the
chauge in resource use amd outpul that results from
clranging assumpiions, technical coetficients. demands,
and ather parameters. This model i3 poorly suited to
repradice reality by reflecting cachy and every variable
affecting current land wse, The system can best e
deseribed as 3 set of gelationslips which show direc-
tion and magnitude of relative reactions o aiternative
assumptians. The system is well svited to analyze
changes in land resource wse and the resuliing produe-
tivn effects ou apriculture,

YSee, respectively, MeDonaell Automation Cov, Creneralized
Agricultural Production Anefviical Svstem for the ULS, Dept,
Agr., May 1968, revised Dee, 1969, and RKenneth DeBower,
Ronald Lockard ot al, Forest Range Euvironmental Production
Svstenr: A Comparer Sysrem Developed for Forest Range Task
Foree, Forest Servive, ULS, Dept. Agr., Linepln, Neb,, June 1971,

ENVIRONMENTAL CONSTRAINTS

A vase stady approach wits wved o test our general-
wad concepiugl Iramewark. A small tiver basin sub-
divided into seven watersheds was selected o provide
the necded bavs data for this rest, Three envitonmental
comtramts weee selected  soil fossy, fertilizer use, and
spattal Belerogencity ot laitd dse mix.

SOIL LOSS

Sedient eroded matenal deposited i water budies
and ocarricd Dy water may be te most extensive water
pollstant known. Water qualiny s impaired by sediment
hevatse 1t provides the bioloaicat and physical mechan-

fHhe ner basin s annumed Lo averl Eaproper canmpuansons
Petmect pettdld vomditions and programmed ophimiy, The sown
b ttersheds e Bvadrolosic amits henvalier rebermed ta sanphy
v watenibunds

Fa

ism theough which a variety of pollttion processes tuke
place, Tt s also a transportation system for other poiiu-
tants, Control of erosion or soil luss. theretore, was
selected as an indicator of environmental improvement,

Constraining soil luss for environmental reasons is pot
4 new ides. Epvironmental arguments have been used in
the justification of Federal programs ot many years.
However, in recent years. because ol the greater aware-
ness of environmental problems., a new emphasis is being
placed on the reduction of soil loss. There are propusals
caltimg Tor a sediment control uet which would instatl
coatrals over nonagricultural, land-disturbing activities.®
Soil conservation districls are heing forced to il the
need [or some form of regulatory authority in control-
ling agricaltural sediment. Laws have been enacted to

Council on Iavironmental Quality, Fle Presidents i
ranmental Program, pp, 15-38, snd the President™s Message an
the nvironment, Feh, 8, 1972
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sttengthen State cionon contiol programns. {otserva-
tivn disticts are required (o establish soil loss limdis
and provide b ther puplementapon, Lipdowoens
would be teguired to employ enoston control practices
provided cestshanng (unds are avalable equal o 73
petvent of Ihe cosi ©

FERTILIZER USE

Feortalszer use was abo selected as an indicator of
envionmentad quality . Many contend that fngh jevels
of fertiicer e by agneubtore make 3 maqor contubu-
fon to the palluton and eustreplication of water
Bodies  Phospliorus n ustadly considered the sianili-
i element et process of lake ettroplucation,
Because ol the pollution potential of  pliosphates,
several Stages Bave epacted Jegslation to curb or ban the
use ot phosphutes o detersents, an acton popariiy
armeci at s whan vse. Adthough no action has been
frhen toopestiet aznenliral vse ol phosphotas, such
estriciiotis cotld be prposed.

Nittegenn. te prncipal agnculiurad watnent, iy abo
4 petental pelloter of surfave water ol groundwater.
With e contmued and apidly increasing vse of all
plast  sutrents, espeaally  mittopen. ferulizer will
lihely heconw a4 areater water poliution Lactor,

Hevase of the ologtead changes and hoss of esthietic
uiities associdied witii cattoplireation brought about by
HBPLaper of overise ot fettihizer, wore westictive limis

may e omposed on fettiliver use o agricutture, The
cuttont slortage o nabwal gas has alse ereated con-
certr girout the owaiabihy of sitrogen tertibzer, and
coubd lead te restictad tortidizer e,

LAND USE MIX

The thnd emuomuental constraint vtilized i this
Sty atteimpts b oguaiize Tand wse. The resulis of
this constramt are menured by omeans of a spatial
heteragenents mdes (ST, 0 measure of the evenness of
acreage distpbution among selected land uses, This type
af constennt s based un the kdea that diverse erop pat-
terps dare moie avthetally pleasing and fess svologically
Hadaidous thap e sigle e production patterns.

Beoatse of tie subjective nature of esthefic pleastire
and Vsl Beauty . the sueastrement of quality differ-
enwes prosents prgoer difteudies® [t hus been arpued

DTl Acks of the 6dth Generai Assembly of
Toad, DT Sesinoi
Por hiertier diousston ob ampamed water uaiity by fertil
peer, s Lovhoadnendd Fractiees and Water Ouahiyv, od. by Ted B,
Willnel and Geopge booSmith, Fowa Stade Univ, Press, Antes,
190

Yo perseets eskhictio enovmenl of an ares mae)y b oad
ofleg v vty iiiepent fnen tie ned idnadoal’s. Dhis is one ol
i o7 wisocs o crvironmhenidl guality voentroversy,

that landseape diversity, contamning different primary
uses. provides not only  situsbons of terest and
pleasure but in fact is honportant to human well-being ®

Despute theoretical and practical problems associated
witl quantilying  esthetic values, the Water Resources
Council, in their “Prnciples and Standards”, recom-
memds “protection, enhancement or creation of aes-
thetie areas” as one of four general classifications to
be wsed in onderslanding and interpreting environmentad
etfects. ™ 14 is also recommended that the meastirement
ol esthetic areas be made not only with respect to size,
bur also with respect o its distribution and location.
Theretore, for the purposes ol this study, we will
aceept that diverse crop patterns are more  estheticully
pleasing than moncculiure would be, The SHI developed
serses as o mweasure of the proportional mix of land use.

Development of the land use construint is aise based
on the eeological hazerd of monoculture, Some ecolo-
gisly and conservationists maintain that monoculture is
like a time bomb--although it is used to make a profit, it
cartics within it the ingredients for disasters.! ' The
rationale o that cultivated plants are biological weaklings
and tiat monoculivre exposes these plants to concen-
trated attacks by insevis and disease organisms, Such
attucks are countered by massive use of insecticides, and
so on, which urther aggeavates the problem by elimina-
ting the -natural predatory insects, birds. and other
species necessary or beneficial to crop production,

Other lactors associated with monoculture include
{1} increased agricultural pollution from pesticides, ferti-
lizer, soil erosion, and animal wastes; (2} high enegy
consumption; {3} increased  farm  mechanization;
(4} reducton in wildlife and plant species diversity:
(5} increased dependeney of farmers on a few commodi-
ties; (6} preater physical separation of production and
consumption; and (7} reduced flexibility of fanm opera-
turs (o shilt production between commodities in
response to changing market demands.t?

Imposition of 2 land mix constraint, then, does have
cconomic implications for agriculture, The imposition of
soil and ferilicer constraints also has the effect of
chanpring the mix of land use by resiricting croppug

*Sec Charles C. Johnson, “Emvironment: The Health Per-
spective,” talk at the 1970 National Agricultural Outtook Con-
ferenee, U8, Depl. Agr., Econ. Res. Serv,, Feb. 17, 1970,
Washington, D.C.; and Sigurd F. Olson, “Qur Nee! of Breathing
Spave,” Porspectives on Conscrvatipn, ed. by Henry Jarrett,
published for Resources for the Futore, lne by the Johas Hop-
kins Pregs, Baltimore, 1969,

Tewater Resources Council, pp. 24809-24816 (see footnote
I

P l-op instance, see Prank Geaham, lr., Since Silent Spring,
Faweeyt Publications, Inc., Greenwich, Conn,, 1970, Chap. 15,

Vior o more detailed examination of the problems assock-
ated with monoeulture see LLS. Department of Agriculture,

Monoculiure #t Agriendture: Exten1, Causes, and Prablemns -

Report of the Task Force on Spatial Heterageneity in Agricul-
trral Landseapes and Enterprises, Qet 19730
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patteins, The SHI measures the extent of titese changes.

Several other (ypes of constraints dealing with reciea-
tion, employment, fish, wildlile, sedunent yield, storm
runoff, and pesticides were considered tor moclusion w
this study but were rejected becamnse ot a Jack of data o

vther dilficultivs, Though this study analy zes the envi-
ronmental consiraings separately and in combinalions,
there are close interrelationships among the vonstraints,
Signilwance ol these ntenclationslups snd how they
affeet the analysis will be puinted out where possible.

ASSUMPTIONS AND DATA REQUIREMENTS

BUDGETS

Crop budgels were used to provde sevenue Jaa
requiied by the model, The budgets melide onby vana-
ble costs. No vverbead and fined eosts wte wmcluded.
Budget  computaiion  was  performed  using  severad
secondary distd sourees YA separate bidget was co-
puted for eacl of e basic cropy  carn, sorglivm, soy-
beans, continuos winter whedt, wineer wheat v Laliow
con silage, vals, alialla, and e hay. Rotaton budgeis
were eomnptied by combiming the basie crop budgets in
the proper proportivn. Use ol four fertiliver fevels alyo
reqguited o sepatate budaet Tor each fertibizer hovel of
vach ciop,

The mam budger was subdivided into two major cate-
pones prelurvest apd harvest costs. These  Twa costy
were further broken down o majo conmponent costs,
Nat all costs were changed i the preharvest group whea
the lertilizer level was varied. Tlus assumiption lacks
realism, but certain amounts of readinm had o be sacn-
ficed due to e restoctians and lack of dota. Prebarvest
costs were based on typical average cost and yield sitoua-
tons for the genewil area of study. Harvest costs were
based on a fixed yield level,

Two additional custs were computed to add Hexi-
bility and realisim to the basic budgets. One of these was
called  varfable harvest costs. These are not variuble

D3Prime sources of information inclede: 1) Thomas Al
Miller, Sefecred £.8, Crop Budyeis. Yields, inputs, and Variable
Coses, Vol BT, Great Plains Region, U8, Dept. Agr., Feon, Res,
Serv.,, ERS-459, Washington, D.C,, Apr. 1971; 2) D B Hbach and
I, R, Adams, Crop Yield Responses to Fertilizer in the Usiited
States, .S, Dept. Asr., Leon, Res, Serv. and Star, Rplg. Serv,,
Stat. Bul, 435 Washinglon, D.C., Auve 1968, 3} RS Stafll
Wocking Papers, Budgets for Comprehensive Missouri River
Basin Study, Aimeo, U5, Dept, Agr., Leon. Res. Sery, files,
Lincoln, Neb.: ) Glenn A, Hebmers, Glenn 1. Vollmar, aad
Melvin D, From, Wheat Production Costs jor Southicesters,
South Ceatrai and Eastern Nebrasha ond Relaiod Jinplications
for Southeasters Nebraska, Ouiv, af Neb., Coliege ot Agr,, Agr,
Fxp, Sta., Stat, Bull, 514, Jua, 1971 5 Gany Johnston and
AW, Fpp, Costs and Returns for Sovbeans, Corn, Giain Sor-
gl and Wheat in Egstern and Central Nebraska, ot Prelininary
Repore, Mameo, Dept, of Apn Peoa,, Univ, of Neb,; 6 Rodney L.
Walker and Darrel D, Kiletke, Fhe dApglicarion amd Use of the
Oklghoma Stere University Crop and Livestock Budeer tien-
eraror, Okla, State Univ,, Apn xpn Sta,, Res, Rpi, Po63, July
1972

Darvesl costs il g strict economie sense but harvest costs
that vary becotise of yield differences, These costs were
positive of aegative depending upon yields above or
below o fixed base.

The second addivonal cost added Lo eaclt baste pro-
duction budget was titled soil resource group (SRGY ®
ditferentinl costs, SR differenual costs retlect those
costs due o the increased power and labor reyuirements
mewrred in eutivating land with hesvy solls or steep
stupes. I addition Lo gusts assoctated with soil texture
amy stope, there are costs of maimaining soil conserving
mechanical practices, drainage systems, and other special
requitements on steeper stupes. The SRGs were grouped
into five categories for the computation of these differ-
ential production costs. The criteria wsed in placiag an
SRG within a particular category were soil texiure,
degeee of slope, and the use of conservation or non-
couservation practices, A constant cost-increasing factor
wis associated with each category which was apphed Lo
the labor and non-labor compunents of the operational
scaments of the bavie production costs, In addition, a
flat charge was added to cover maintenance costs of
mechanical practices reyuired (o conserve or drain land
in a manner which maintains the quatity of the resource,

in addition to the basic budget material calevlated Tor
eaclt crop and rotation deseribed above, variable yields,
and harvest and drying costs were caleulated for each
crop and rotation for each SRG.

ROTATION

While 17 vronpiug enterprises were incorposated in
the lincar programming procedure, only 14 can be con-
sidercd basic to the system. The three additional land

13 50§ resource groups (SRGY are defined as “a grouping of
fand capability units, or soils, that have similar crapping pat-
terns, yield characteristics, esponse Loy Tertilizer, management,
and treatment measures,” {Migsouri asin lnter-Ageney Com-
mitice, The Atissourt River Basin Comprehensive Framework
Study, apprndin: Land Resouree Avoilabilivy, Vol. 6, Washing-
ton, 100, Dec. 1971, p. 29, This classification transvends jand
revouree regions, land resouree areas, and political jurisdictions
since SRE s were designed 1o adapt soit inventory dala 1o rivwer
lutsin boundaries, For 2 deseription of SRGs used in this study,
see appendiy table 2.
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uses were pasture and rige, forest, and “ather™ lund,! 2
These hand uses do ot bave any speaitic budgew asse-
cted with them because ol inadequate data. Theretore,
these lamd uses are not permitted o fluctoare lecly
within the system. A minnnum sereage based upon
current wsage was asigned Lo each of these three lund
uses., When constraints ace placed upan the systeny, aere-
spe s allowed to shitt mito these land categories with a
81 net relurn. As 2 oresult, the nnnigium acreage
cach usage 1 maintained unless other crap enterprse
sviteny show g negative net retinn oy other constoints
furee lamd inte these uses. The three nonbudgeted uses
Jdo o have soil losses ussociated with thems, howeser,
Therelote, some vosts are associated with the entranee
af these land vses it the system.

Omission of budgets and the requirement of & win-
mum sercage for the tuee nonbudgeted fund  uses
distort the soluttons somiewhial smee the costs, 1 el
of sl loss, are entered e the evabuation while retums
are amutied. It s helieved, however, that this omissien
inttoduces a4 reasonable degree of realism o the
resulting selutions watheut appreciably Adistorting the
resulta. All thice o these land wses usually praduce
minimunt amounts of soil loss, thetetore, the costs
assoctated  wiils these uses e neglizible. The usual
edsotly win land o devojed o these uses ae ewther
hecause of the physical imtations of the associated
sudls  stewp slopes, tocks, and swamps or because aler-
native usey are not fegsible yoads, ditches, and farm
huarlding sttex. Allowing these land uses to be devoted
to crop production, especially under the unconstratned
solution, would ahoe teod w omreduee unrealistic dis-
tortiens utte vur evaluation. Theelore, it was decnled
that auposuy the equissments of & mmimunm aereage
based upon current usage was the most realistic assump-
tion to make,

Fhe 14 basic crepping eoterprises are rolation
systems wlhich are comptised of aine individual crops.
Rotativns were used to provide a more realistic deserip-
tien ol the farming enterprse system. The limitation of
the system ta o cunsiderarion ol only 14 rotations and
mne basie crops wits made to simpliy the anabysis, Ot
crops are Srown o the are, but they aee ol aunor un-
purtanee. Rotations selected are believed o be thuse
most conumenly vsed within the region. The 4 roto-
twons plus the three nonhbwdgeted uses (15, 1o, and 17
included in thiy anals sis wers:

T (Continueus corn
Contmtiots mile
CMON
CMUH
UBCB

VinOther™ Land teters fo acreage af pun-l ederal nual lands
wiiteh are aut SlassDey vropland, pasture, canse, or (anest lad,
I oincludes tzosicads, Laom mamds lences, woudbreaks, rural
franianm IL‘S[L’\.‘I'{(;"{. msesiment fracts, .il‘ll‘ ﬁ]!l'lﬂ.]l‘ WSS,

MBMB curn
WROCCs milo
wWeCr = soybeans
WMME wheut
10 COAAA curn silage
1 OMOAAA = fallow
12 MOLI ouls
13 Continuots alfaifa = allalfy
14 Tame bay tame hay
153 Pasture and Runge
16 Furest
17 “Other”

One unrealistic aspect af the enterprise systems used
i this study is the lack of Uvestock budgets. Although
Wivestack s important in the general farnnng gsrea anal-
vaed, our primary interest was with land use. Exclusion
ul livestoch Trom the analysis did not significantly
afteet this consideration, Fowever, livestoek enterprises
could direetly affect the environmental parameters by
meuns of tanaft from feld-applied manure and could
mdireetly  altect  environmental  parameters  through
crap enterpeises. Leaving livestock activities vut of the
model was also a necessary stmplifying assumption (o
enable clearer insights inta the trade-wll mechanisim,
Twa other basic reasons for the non-nelusion of these
enterprises were lack of data and lack of finencial and
TS TRSUUTCCH,

FERTILIZER USE AND RESPONSE

Fertilizer use directly afiects crop yields and net
refurs. Because of this relationship. a measurable
trade-olt was available, Nitrogen was considered the
principal nutnent in determining the yield respanse to
the various levels of [ertfficer. Other nulrients were
given secondary vonsideration except that their wawe of
applicution was increased to be in halanee with each
tnerease in nittogen. An exception to this was made in
the vield response Yor alfulle where phiogphoras was con-
sidered the prime nutrient in yield response.

Four fertilizer levels were considered sufficient to
reasonably  determine che trade-ofls involved. These
tevels  zera, low, average, and high -were set somewhat
arbitrarily hecause of the differences in yield eesponse
by dilferent crops,

The zero leyvel obviously carrespands to no commer-
cull ferulizer use, The low level corresponds ta a level
af use about one-ulf to Gwo-thieds the current avernge.
The asetage level corresponds 1o the cuctent average
psape e the study area. The hugh level corresponds to
the approxinmte tap of the production response curve
Fur each crop in the gencral study acei (table 1).

Fram the nine basic fertilizer application rates,
average wnnval rotation fertilizer rates were caleulated.
The rutation applivation rates depend on the crop com-
position of cachorotation {table 2}




Table | Average anppal basie erop fectilizer application mtes

Foru Luw ATTO SR High
Ly NPT N-I-R NPk N-BK

Forands per acet

Cuntitious winter

wheat . . 20-3-2 .72
Wnter whedt ou

tulivw 15-5-2 19-7-
Lam e d0-111-2
Soreham . .. 4082 el ERO-3MLS
Sovbeans . oL i 5-3-3 T-5-5 Ji-21k10
ats ... .. a Mi-3-] HR-T4-0 BO-200-10
Al . oo . n 50 U241 Db
Cornstlagte L L. 1" G120 BY-15-1 1H0-3H-b
b fuay o 1 mn--n ERTI WIS (1B R

Bll-1 5.

Hi-15-4

4
88-15.3 180-30-6
4

i, nitvoney, B, phosphorusg and K, potassium,

Lable 2 - Average annual pdation fectilizer application rates
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WoRL A~ A T
Car AL . 126
Mabksous, o o {26
MO H T .., 2
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S mttoper, P ophosghonis amd Ko potasian, FSee code
eaplamabon p 5

YIELD ESTIMATION

Vield estmtites were trwde tor 2ach of the nine hasic
Crops from g sarey ol sourees. Current aversge yields
preseured hittle problem. However, yiehl responses 1o
tertthiacr were somewhat more diffienlt, Crop Yield
Responise ro Fertilizer in the United States (1.8, Dept.
Agr. Stat. Bull, 431)was the principal source tor making
these  eslemaies A complete or  centinuoows yicld
respoise curwe for each grop was nat compoted. The
proceduie was contmead e estitoating lour puints on 2
e coprespoiding o the Towr levels of tertlizer
whected. Hhiese corespond o the zero, fow, average, and
fuel tertilizer applcation tiies (table 3).

1he base veelds lor each crop at the four fertilizer
fevels wepe tien expanded o provide the yield response
of cach crop atd terttlizer level for the 18 selected SRGs
app. wahie 2 Thus, mstead of & single yield response
conve o Pertiizer lor cach crop, an artdy of yield
fesponses dependhing upon the SRG wvolved was esti-

e e A T et s R

mated. This technique considers natural fertility of the
varivus soils as well as the varance in yisld response to
additional fertilizer on each soil, (For an example of
yield responses by SRG, sec app. table 3.)

"Table 3 -Base yields for selected crops and fertilizer use!

E Fertilizer level

Crap s st
Zere |, Low O Averuge ' High
by ——e e S S

Hushels

[

Conitnuomts winfet
wheat ! 5.0 3.0
Winter wheat an ;
fillow : 3.0 5.0
COM « oo e e 3.0 4.5
Sorghum ' 500 64.9
Sovheans et . 273 9.0
i 400 519

Tons
Allalia i . 1.8

Cornosilage . ooau el - .
Tame buy ' . 1.0

'The base vield for weh grop and fertilizer level was sel
equivatent to the estinuied yields on SRG 730 tsee apy. tables 2
und 31,

tn order o estimate vields Tor the various rotation
svstems, yields Tor each basie crop lertilizer fevel and
SRE were combined in the needed proportion. A rote-
tion of carn, soybeans. corn. soybeans (CBCB} would
produce oneltall of the cory yield estimate and one-half
of the soyhean estimate Tor each year of the 4-year rola-
tivn.

A basic budget was developed for cach crop. These
basie crop budgets were designed to reflect yields shown
in table 3 at the zero fertilizer level. The yicld estimates
by crop. lertilizer level, and SRG were then used to
calewlate the variable harvest costs apprapriate for each
SRG budget.' s All SRG yields above the base yields for
the zero fertilizer level shown in table 3 were assumed
to have harvesting costs higher than the Dasic budget.
Those SRG s with yields below the base yields for the
zero fertilizer level were assumed to have fower harvest-
ing costs than estimated for the basic budgets. Yield
estimates were also used in computing drying costs for
corn and sorghum. Tt was assumed in making the drying
cost estimates that one-hatf of corn for grain was dried
while one-third of the sorghum was dried. The base
drving cost was estimaced at 7 cents per bushel for hoth
corn and sorglm,

VeThe simplifying assomption made here is that crop rota-
tions have no beneficial effect an yields over conlinuous
crogping,
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NET REVENUE COMPUTATION

Net revenue computations were made for each SRG,
crop, tertilizer fevel, and consersation practive, Revenue
ligures were not computed for pastwe and range. fopest,
aitd other” cropland wses. No ocost data were available
Lo wark up budgets for these Tand wses. Net revenue was
a valeulation of price tunes yield mtnus variable costs.

Prwces were deterimined by taking @ S-vear average
LEU00-"0Y 7 ol prices recetved by turmets as reported o
Nehrasha Agncubtural Staistics tor the southenstern
secten of the State:

S-veur
(rop areragy price
Carn gha g
Wiheat {hu oy
Oats (huy
Soraiann (buy
Sovheans () 2482
Cory silate Ttou) TL23
Al f o 21.20
thicr By (on)

2320

Sob3d
1.us

Ul

AT

The wheat prce includes the 3avear average ol the
wheat  corttfivale payments (average wheat prce ol
ST.270 plus dverage certihicate amount of SU,004),

SOIL LOSS CALCULATION

Soff ks calvalataons were made duoogit the we of
tie unrversal soldoss equation.t * This equatian provides
¢ procesdune Top computing the expected average annual
sall foss flom abternauve fand practices on a particular
baisd area. The univenal soil-loss equation is ASRKLSCP,
whete A 1 the predicted sail loss o tons per acre per
vear, R othe average anmual raintall erogion index, K the
soll eradihidity factor, 1 the leageh of slope in feet, §
the slope madient tacton, C the cropping mangement
factar, and P othe erosion conteol practice factor. By
plactty appropriate salues oo these Baetors, the sail-loss
equatian can be used e predict soi losses under alterna-
thve prosfuction technngues on viariouy tvpes of soifs,

The magnitude of the several variables uweeded in the
computation of the sl losses were availuble from Soil
Consenatienn Jersiee (808 sources, Some inferpreta-

FUOMage recent price data would attect the level ol ael
erenie but b s lelt that tan wounld oot subsianbally change the
resuits ol this spudy aowe e samie prices were wyed in each solp-
tan, OF antper anportanes s Hie releiive difference betwoen
soiifions.

Palter H Wischmwier amd Dwaght D) Smtln, Predic g

CRangalt o rewion Fosses from Cropland Fast of the Rocky Mown

amees, US Depr A, Agre Reso Serv. in coaperation with
Punhue Agr Eap. Sta., AHL282, Washineton, DO, Mas 1965,

tions and assuniptions were nevessary o completely 1
in the soll foss esthmates made lor each ol the 17 row-
tons used in this study. A separate soil oss was com-
puted for ench SRG by crop, by feitilicer level, and by
canservation practice, This amounted to 136 different
soil loss cstimates for each aof the 700 series SRGs (up-
fands), No soil losses were assumed to oecur on SG0
series SRGs (bottomdands). Buttomlands were assumed
te have ledde i any water erosion problems and there-
tate o have no soil loss ussaciuted with them, (See
explanation of SRO classilication system in fovimote 14
anad app. wble 20

Calewlations for the R, K, L, and S variables in the
sail less equation were obtained lrom S5CS and presented
tele dilfiewdiy, Some problems were encountercd in
determining the proper  C and P ovalues for some land
uses. These problems were associated with the agprega-
tion needed in order to make the detailed data usable for
QUL purposes,

A value of 1.0 for P was used for all crops grown
under nonerosion contrul condidions, Le,up- and down-
hill tillage. P ovalues of 5 to 1.0 were used {or crops
grown under the erosion control practice of contouring.
Contour  Farming 15 the only conservation practice
recognized i this formula, The P value varies, depend-
mg upon the percentage of land slope and the use of
contour furming, This provided two P luctor values lor
ench rertitizer fevel of ench crop rotation of each SRG.

The ¢ value (crop management factor) was calenlated
i correspond Lo each P value. Sinee the C factor is influ-
cneed by the rotation and yields of various crops as well
as the dllage practices tollowed, there is consideruble
variation in its value, For each P value representing
erosivn control (contouring}, a C value representing con-
sersation dllage was computed.’ * Another C value was
alse computed for each P value representing nonerosion
control.*®

One dilTiculty in determining applicable € values Tor
pasture, forest, “other,” low, and conservation use
land was to ascertain the amount and Kind of canepy
normally associated with these land uses in the study
area, Hoving determined the appropriaie P values, these
were used as an indicstor for sclecting reasonable C
values for the problem land uses. IF the land were Tarmed
iy an up-and down-hil manoer, the canopy associated
with these uses was assumed to be 20 percent weeds on
sumimer lallow and conservation use lands, 60 percent
prass on pasture land, and 60 pereent weeds on Vother™
land. Forest land was considered to be unmanaged aud
to have a poor stand. If the kand were operated in a con-

P Uunservation tillage includes such things as Histing on the
cantour, W plhating, stip tdling, the amount ol residee el
ar removed, as well as the amawnt and Xind of canopy assoviated
with the crop managemont,

!¢ Nunconservation tillage takes info account the amount of
residue lelt or pemoved as well oy the copventional tillage prac-
Giees stk as surfave planting.




serving way, slnmer {allow and conservalion use weie
assumed o have o sodd loss equivalent to o eU-pereant
HrdSs canopy, pasture a 935- to 100-pereent grass Canmapy
with “other” land g 95-to 100-pereent wesd canopy,
Forest land was considered to be unmanaged bur to have
a goud stand ol trees,

The vartation of sol loss on the difterent SRGs and
Crop fotaticns is wemendous. Soil loss per acre per yvew
1 oas low us U4 tons and as high as 400 tons, The 300-
ton fgure is somewhatl tarealistiv in the sense that these
steep-stoped lands are abmost impossible (o il o an up-
and dewn-hill nuncer with continuois row ctops.

SPATIAL HETEROGENEITY INDEXN (SH1)

In attempts to measure diversity ob the apdeultwal
landscape, ane bwces the el it no teady measure
avadable, Some lechanigues whiseh attempt Lo Quantly
diversity we Tound m intoimation Greory 2 The »ob-
e by that all known syatems desged 1o medsure
diverstiy are vne-dimenstonal: that . ooly the portions
of euch use of e wtd' wiea are consideied. Available
midices tell us tle, i any thing, about the inenms of
the various land uvsex. Alo, the prosinnsy relations of
the different uses are wot quantilivhle, That s, 0o dis-
nngtion opoitfomnmaton s availuble to deternniue which
Tand uses are in proseuty to cach other. There i also
the turther prohivm of tme, How are rotation practices
meviporated into the diversity ol use? 2 Thewe is o
Kitownn inde s system that e porates all of the dinen-
stons of diversity

The system adapted and described below for compar-

UL Fheil, Avomostics ond Inforpmtion Teorv, North
Holland Puldistung Co., Amsterdam, 1967,

TS Lept. of Agrivulture, Monoculicre in Agrieviture ..,
chap, 2 gsee Taatnote 121,

ing the degree or amount of diversity s an mdes system
that ix sensitive ta the number of Juad vse calegories
wd the evenness of acreage distribution umong these
cateporivs. The SHI s computed by mubtiplyutg the
proportians of fund o escl use by the natawal fog of
the prapuortion and then stming the guantities, SHI =

—li‘il pitinpil\\lu‘re S s the spatial heterogeneity index,
pj i the propartion (percent’ of fand w the Ilh category,
wird Liod wse cutegortes tange fiom Lo oo The rapge ot
this index is dependent an the ounmber of ind use
categories involved. 11 an area is devoted to only one
Land use, the tadex value would be sere (because the
natiral log ol 1 s O) Al area with 50 Land use cate-
forics, each comptising 2 percent of the land area, would
yield an index ol 341202, Ten uses evenly distributed
would provide an index of 2.30254.2* The value of the
index rises at o decredsing pate os equality among cate-
sories increuses,

lo this study, nine loud use caleguries were con-
sidered, Ao even distribuion of acreage among the nine
categories produces @ masimum St of 2.19823.

The linear progrumming model ased in this study was
ot destgned (o compute the SHI tor the various water-
sheds or the totil area. The progeam Jdid simmarize the
acreage in each ol the sclected land wses. The actual
gomputation ol e mdex was done by hond outside of
the progiamming prabieni.,

The vine land vse calegoties selected for use in the
SHE computation were: 1) carn, 1) sorghum, 3} soy-
beans, -y small grain, 3) lorest and orchad, @) other™
lsnd, 71 hay. §) pasture and range, and 9) sumner fal-
lowy, conservation use, and idle. These lard eses were
consoiidated tran the 17 ¢rup rotations,

TS, Dept. of Aprfeulture. Monoculture in sgriewftiere ..,

Oet, 1973, {Ancther example of the use of this index syswem

ts used i chap, 2, pp. 6-171.

PROGRAMMING SOLUTIONS AND RESULTS

Tew linear program solulions are discussed in this
andlysis with cach solution based wpon & different set or
level of coastraints (table 4), The number of solutions is
minimad for an snalysis of this type. but it is believed
that these solutions give some insight intu the impacts
and trade-ofts mesulling from the constraints used. Many
more solutions would be needed to detlermine and pre-
sent g complete magginal trade-off analysis between the
yarivus constralngs.

Orgginally, plans ealled {or at least one alternate to
be copstrained at 4 low level of fertilizer use along with
a4 3don, sail loss restriction plus a restriction ou the fand
use k. As 1t turned out, the stmaltaneous imposition
of all three constraints af the prescrihed levels proved Lo

be unsolvable, Therelore, the land use consiraint was
modified by increments until g leasible solution was
obtained. This oceurred only when the land use con-
strainl was completely removed. As a result, none of
the 10 alternate solutivns presented here uses ull three of
the constraints simultancously. Table 17 presents a
sumymary of results for the 10 solutions.

UNCONSTRAINED SOLUTION (NO. 1)

The uncenstrained solution gives us a view of the
profit maximizing potential of the basin as well as its
component watersheds.  This selution was not con- 4




Table o - Ten finear program solutions and vonstraines for each

Solutien Nu.-[

Lieseriptiun of consiraint

1 Uneonstramed,

2 Suid luss vonstrained lar cach SRGT to less
than L0 tons per tere per y ear,

3 Suil luss constrained for cuch SR to less than
5 NS por acie per e

4 Iertitizer wse vonstzained lor cach watershed to
an average level of use,

s Lerifizer use coastrained tor eich watershed to
A low Jevel ol use,

& Land use mix ¢onstrained on the basin (o pro-

vide 2 high St

Soil loss constraned lor eacls SR to less than
5 tons peracre per vear and lertilizer nse con-
stratned Tor cach waterslied ta an average level
ul v,

B i bertilizer use constrained for eacl watershied to
o lew Jevel vt use and the Jand use mis cun-
straipedd te provide o high STIL

4 Suoil luss constrained For eaeh SRG to less than
5 tons per avre per year and tertilizer wse con-
strnined Tor vieh watershiad o a fow level of
UNC,

1Y Sl loss constrained for cach SRG Lo less than
3 tany per acre per vear and fertilizer use con-

¢ stradned tor each watershed to i low level of use
plus partial Hood protection through elements
wl g P 566 wats rshed program,?

-

Ylhor o deseription of SROs, see text {votnote 14 and ap-
pendis table 2,

* The Watershed Protection and Flood Protection Prevention
Act ol 1954, P.L. 83-566, 83rd U8, Congress. Act is admin-
istered by the Soil Consurvation Service, U5, Dept, Agr.

strdinesd i auy way except fur wstrictions on cropland
acres Dy SRG and the ucteage restriction on furest land,
pastire amd rangefand, and Mother™ land which were
built into the model, The aereapes of forest, “other,”
aigd pasture and rangeland were lixed at current levels of
wse Dy mweans of @ lower Hmit, Because no budgets were
wchided 1w the program for these fixed land uses, no
revenues are generated or assoctated with these acreages;
however, soil loss is assoclated with each fand use. In
eilect, the Tower limil acreage on the three restricted
land categories briogs them into the program al a zero
protit fevel, The ondy (ime that these activities compete
Lor acres is when net returns to alternguive activities are
zero or negative or soil loss constraints prohibit ocher
usage.

Revenue Effects

selution No. b shows a total net revenue lor the basin
ol approximately $24.37 million. This revenue is gen-
craled rom 411894 acres of the 568,500 acres in the
hasin, The remaining 156,600 acres are in the nou-
revenue generating uses {forest, pasture and range, and
“uther™), This is equjvalenl to an average revenue per

productive acre?® of $59,17 for the basin, The uverape
revenue per acre varies by watershed from $32.27 to
S62.10. This variztion in average revenue per acre anong
watersheds can be attributed to the distribution and
amwount of SRG acreape within the varivus watersheds.
Since each SRG has a different productive capability,
the average revenue per acre by watershed is signiticantly
altected,

Soil Loss Effects

Sl loss associuled with solution No, | amounted o
ever 128 million tens, This is equivalent Lo an average
sl luss tate of 22,0 tuns per acre per year [ur the entire
basin acreuge, However, since only 490,997 acres of the
basin acreage contribute to the soil loss,*® the average
suil loss from contributiag acreage is about 26.2 tong per
aere.

Average soil loss Tor the individual watersheds on up-
lund areas (700 series SRGs ) ranges {rom 2041 to 28.54
tons per acre per year, The differcnce in average soil loss
among watersheds can be aceounted {or by dilferences
in the mix ol 700 series soils.

The high average soil loss does not give a very true
picture ol the actual soil loss associated with each SRG.
Seil losses by SRG vary {rom less than 0.4 ton per acre
per year to over 64 tons per acre per year. Of the 13
SRGs in the 700 serics found in the basin, only four
have an average loss greater than 15 tons per acre per
yadr. But two of these SRGs produce over three-fourths
of the 12 million plus tons of soil loss (table 5).

Feriilizer Use

Crop production under the unconstrained solution
(No. 1)is devoted almost exclusively to continuous corm.
Of the produetive acres, 408,507 acres are corn with the
remaining acreape divided equally between soybeans and
sorgilum. All of the corn is produced with high fertiliza-
tion levels, This results in over 41 million bushels of
grain, o1 an average yield ol about 101 bushels per
acre. A total for the year of about 73.6, 12.3, and 2.5
million pounds of nitrogen, phosphorus and potash,
respectively, were used in the production of crops

¥ Productive acres refer to those acres which enter the
solution as a budgeted rotation, The fixed acres of forest, pasture
and rangeland, and “other™ land are not included as productive
acres in the sense used here even though most are productive in
an agricuitural sense, Average revenue data presented throughout
this study are caleulated on a productive acie base.

5t was assumed that the 77,503 acres of bottomlands {500
series SRGsldo not have significant soil loss, It is recopnized
that 500 scrics SRGs are somewhat subject o flood bazards. A
potential for flead plain scour and/or sediment deposition there-
fore cxists. In our analysis, these are considercd 1o be of minimal
significance as a contributing fecior to soil loss,




Tabie 3 ~ Annuzl s0it losses Tor esch SRO for the unconstrained
solution (No. 1)

Sod fass

Arca Soil foss POT 4T

Aerey Tony Tons
3041 16,847
124,582 1,161,323
89 548
2,57 16,622
P89 568 6571040
e LRY 1,225431
1??
549,195
Y
BYa8
177

T8

9
90,997

—

(R T 2 N R
el el B P LY. |
e T e e e

[ut] 12849 392

FSee enplanation of SRG chassification system in footnote 14
arsl appendiy table 2,

throughaut the busin, This is equivalent w about a
[749-30-0 annual application rate per productive gere.

Average fertilizer use shows only minor variation by
wialershed, Total nuwients applied to productive acres
range from 21600 to 210.27 pounds per acre per
seac,** The range of ferthizer use B8 narrow because
almest afl ot the basin acceage s devoted to corn produc-
tion with high fertilization tates. A greater variety of
craps within the basin would tend to increase the dilTer-
ences w tertilizer use between watersheds.

** Productive basin sereage is ssed to campute average fertil-
ieer use, The productive acre base is used beouuse these acres are
the vnly ones which are allocated lertilizer within the problem.

Land Use

The SHI is tow For solution No. 1. This is not unex-
pected since all of the productive acres are devoted to
corn while most of {he nonproductive acres are in
pasture and range, These two land vses comprise over 91
pereent of total land s the basin. The index for the
basin given wnconsirained conditions is .84235.77 This
campares Lo a probable wmaximum index of 2,19823.

The SHI (or the individual watersheds ranges from
70970 to 1.07028. Table 6 demonstrates the dominance
of corn production dlong with the variability of the SHI
between watersheds.

SOIL LOSS CONSTRAINED SOLUTIONS
(NO3.2 AND 3)

Two linear programming solutions constrained only
soil loss (Nos. 2 and 3 in table 4). Alternate solution
No. 2 constrains soil Tuss (o less than 10 tons per acre by
SRG. Allernate solutiun No. 3 constrains soil loss to less
than 5 tons per acre per year by SRG.

Revenue and Soil Loss Effects

Solution No. 2 redures soil loss 1o 4.97 million tons
and net revenue to S22.20 mitlion Tor the basin, The
average revenue per produclive acre under the {Q0-1on
soil {oss constraint (No. 2) amounis 1o 553.89, while the

7 Five decimal places are reported because of the nurrow
runge of the index und the slope of the function at higher levels
ol the index. No cmpirical tests have been conducted to deles-
mine at what level diffezences can be detected visually,

Table 6--Land use distribution and SHI for the unconstrained solution {No. 1)

Land wse

Watershed

Basin
4

==
L%

ot v ta

76.1

Sl grain .
borest and orebard |,
“Other”

o)
H

o
o

Pasture and range . ...
Summer fallaw, van-
servation use,
and idle

L8323 76908

Percentage of land use

70.5

nedex

87519 54889 1.07028 .B34581

10




average soil loss on 700 sentes RO Jeres b LU 12 tons
pei aere per yeat 2 ¥ The reduction of slightly over 61
percent of the swil losy s accompanied by about g
Y-pereent reduclion in total revenue, The average costs
ol reducmy soll loss o 700 series §RG acres trom 207
tons to 1012 tons per aere is about 33 cenis per ton.
This cost per ton of soil loss has a wide varation among
watessheds runging from 10 to 37 cents,

The Nu. 2 selution has o sanving effect among the
vanous watersheds, The basinwide revenue chunge in-
duced by the 10-tor constraint 5 35,28 per acre per
yeu, vet only one of the seven watenheds has an
averdage sevenue change larger than tus {see table 7Y
Revenue changes among waternshods range trom $142 1o
$12.39 per produoctive iere, soif loss by watershed ranges
tran 480 ta BELE tons per acre, The elative averuge
revetise position of the watensheds s alsa changed by
the mposttion o the soil luss consirami,

Reducing sonl Joss o less than 3 tons per aere lowens
total hasm evenue o S2041 miliion and sodl Toss (o

237 milhen tony, Under tlhus Noo 3 solution, average

8 Lyen though the constrant vally for soil loss of less thap
10 tons per aere, the average suil foss over the 708 sepes SRG
avges is stichth above that, This anomaly resuils because tiree
SRGs (740, 7o, 7701 with kigh sod foss probiems are unable
to mwet the Hl-ten constramt. Theretfore, spectil adjustments
i the cons{raing on these SRGs were required in order 1o avond
an infeasible solution, This problem was eatved Iy the simmum
level of aereape required in pasture aad rangeland, The Conserva-
tion Needs Inventory (Nebraska Conservation Needs Committee.
Nehrasha  Conservation Yeeds, 909 US. Depr, Aar., Soi
Cansery, Servd was osed to derenmine whail proportion of this
landd use was adequately treated aod what proportion neceded
treatment It was found that a signiticant propartion ab pastore
and taaee was inoneed of adeqgquate teeatment. The portion of
pasture amd panpeland that was in need of treatment had asso-
cutfed with 1t bigher levels of soil loss than found in oug soil lass
censtraints, Therefore, the average soil Loss over ol 7600 series
SRO acres is shehthy aboye 10 tons per acee.

resente per produciive ace v S oo D maamiag
ditference moavernade  resenwe among wiatessheds o
SEeSs  The wraton among syawinsheds can be attib-
uted 1o changes m prodoctive aaes and the propurtion
ol the vanous SROs within cach watenshed. The sl loss
averages 5.05 tons per acte per year an 700 senes SRE
avtes. ™ Howewer, soil loss tor mdwedual watenhieds
ranges from a high of W11 tons per acie Loa low of
3.28 tuns per aere. Phese differences can onee again he
attubuied e e SRG nny i the watessheds, The
unrealistic high soll loss of over 10 tons per gere witha
Stont st loss constraint van be attributed 1o the muodidi-
cations made W prevent an mfeasthle solution {see foot-
nuote 2¥). There iy a generad tendeney tor watensheds
with higher remaimng average sotl fosses 1o have higher
average revenue, but the relationship is not perlectly
correluted, Fromn this, i1 cas be concluded that even
though a reducton in soil loss s accompanted by a loss
w tevenue, uther influences are present to aceentuate or
muedily these changes. The amount of suil loss that needs
1o he controlled vaties by watesshed, depending upon
the crosion suscephbility vy cach watershed,

Differences in average soil loss between the 10-ton
amd A-ton sofutions wamount e .87 tons per acre in the
00 series aeres. The additiopal reduction in soid loss
costs @i average of $4.23 per acre or gbout 87 cents per
ton per dere. This cost vaties at the watershed fevel from
about 2 cents o $1.62. On a pereeniage basis, soil foss 1y
reduced about 48 percent, while evenues Jdecline ahout
8 pereent between the (0. and 5-ten constraint alierna-
(Ives,

A comparison between the miconstrained and 3-ton
alternative shows that soil loss is reduced about 80 per-
cent. while revenue dechnes abuut 16 percent, The

T he average soi loss {or the basin iv again abave the set
constraint, The explunation given in lootnote 18 applics,

Table 7 -Revenue luss associated with cach ton of soil loss, by various soif loss constraint ranges

Uneonstramed ta J tons

Unvoostrained 10 3 tons

10 tons o 5 tons

Revenue
last
per tan

Averdes
reyenue
clunge!

Averaee
soil Joss
vhange?

Average
revenue
change?!

verage |

|

Revenue
lost

Revenug
tust
per ten

Average
suril Lass
chunge?

Average
revenue
change! ;

1

o Average
" soll fass
change? [ perfon

erdlars f )011.;& Poliars

i 0.57
012
013
12
a.18
018
(.35

1362
367
P74
10,59
6.98

7T

t1.35

e gy e Py
Rl s e )
Chohd T O ke b D

N . 16,05 0,33 4,51

fons Daollars Diflars Tons Dotars
(.63
1.55
15.10
R.93
8.56
.04

6.3Y

153
262
9.33
5.69
7.49
546
5.85

.42
0.1
1.62
1.57
0.74
0.12
1.09

25.26
17,25
25,03
19,11
21.34
14.74
20.13

04,54
.21
.68
{1.55
0,33
4.5
.56
4.23 4.R7 (.87

2092 (LR

Y Average revenue computed with productive acre base. * Average soil s computed with 700 series SRG acres.

i
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overall cost per ton per acre ameunts to about 43 cents.
The range among watersheds is from 15 cents to 68
cents per ton per acre,

A pnime consideration in determining elfects of soil
loss conpstzantsy on the average revenue gencraling capa-
bilitics of 2 basm or individual watershed should be the
SRG composition of the area. BEven when the composi-
tion of soils among watersheds appears to be rathwer
hamogeneous, major chanues i average revenue pro-
duetten can take plice. Soil loss constraints have
large differential cffect on SRGs. The erosion potential
ul soils teeds to be carefully examined i order to pre-
Jict the magnitude of evenue changes that will oceur
whet a soil loss canstunnt s ipphied,

Fertilizer Use Effects

Sei Joss comstraits alsae reduee terblheer usage be-
catist erostoft centiol  procedures  gegquie fiflerent
Jeppiig patterns. Comp produciion on Inghly erosive
Laad s ssvttehed o gltalia production. Smee alfalfa
prodiction bas o lower dertlicer reguirement, overal
tertihiver use dechines The 21431 pounds ol togad
auinents wed per oo e the Moo 1 osolation Valls e
['¢ ™4 pounds peroacee e e Noo 2 osolation and
TS24 poindy pet acte 1 the Noo 3solutton, This s
reducion i total tertiliedr e of about 29 pewcent be-
fweelt (e unaatined amd 3en sad loss solution.
Chgnges o pdnedmal potoenpt wse vary . Nittogen and
potassitin e dechies 22 percent. while plrsphorus
e Hcreases 23 percent amoeng the ugsonstraned and
f0aon so Jow solutons, The clunges w0 mdividual
mutuent o between the 1U-2on and 3-ton solutons
dimennt to g Jdechie of 23 percent for nitregen and
potassitin aid un wcrease ab 14 peecent tar phos-
phrcorits. Nfrogen ad polassiim vse deelynes 41 pereent,
winle phosphotus use incredases 41 pereent between the
nnconstianed and S-ton sod losy wlution. These changes
e dne o shibs i the aoreapss and kinds o crops
arown. Com and sogghum, higher users o mtrogen, are
rephaced by altaiba, abeavs tser ol phospltusts.

Land Use Effects

Sarl leas cumstrangs cause the SH o e {rom
1235 nor ghe unconstraed sobuizon o 121733 for
teee EU bt wond doss sofupon to B2 (or the S-ton soil
joss aolution, Ths change w SHL W brovght abouot as
Gt ote sotd QoIneTva. 4 JTeps uocutr (see table ).
A et tighter et loss comstratil s imposed, eota pro-
duction deoreases and bay taltaliad production increases,
Focost Pond other™ and, and pasture amd rangeland
Lorases chaere wery litthe. Lhas s because these acres
have o bowd gunnoui and Bave sore pet cefuims asye
Jatvd warth therr use Iowas abve teund that the range
vt toe SH vaises among watenshods decreaes as the soil

‘Table 8—Land use acreage, v onstrained and soil loss
constrained sedutions

Solution aumber?
Lanud use
No. 1 No. 2 No. 3
Acrex

Cora ouuvunnns 403,507.0 316,289.6 242,870.8
Sorghum , .. ... 1,693.5 969.2 594.5
Soybouns ... .. 1,683.5 596.5 5946.5
Small grn ., .. Q 186.3 0
Forest il

archard . ... 19,0460 19.046.0 19,646.0
*Olher™ Tand 24,36%.0 24,5760 24,576.0
v ..o, ... 0 93.666.1 166,888.2
Basture and

LANEC - v - 113.161.0 1129840 113,526.0
Sumimer fallow,

SORSCELALIONn

wse, amd wile ¢ 186.3 4]

Fuee table 4 for 2 desedphon of selutions.

losa constraint becomes more restrictive. This mdicates
that suil Juss constraints foree the watersheds to becone
more homogeneous with respect 1o each other, while
and use Dbecomes wore helerogeneous within cach
watershed,

FERTILIZER CONSTRAINED SOLUTIONS
(NOS. 4 AND 5)

There are two program alteraative sotutivos which
show the direet effects of an average level of fertilizer
constraints Nos. 4 and § (see table 4). An average level
ul fertilizer use {solution No, 4} is an approximation of
curreni average use on nomeripsted croplind in south-
eastern Nebraska. A low level of fertiization {solution
Na. 37 is eyuivalent to about two-thirds the average Jevel
of usuge, Both fectifizer constraints were imposed at the
watesshed level, The placing of the constraint at this
level aflowed for variation In usage between SRGs with-
m watersheds but prevented usage from shifting among
waltersheds.

Revenue Effects

Ay fertibizer use is reduced from the levels ulilized
under unconstrained conditions to an average level,
tetaf nutpents are reduced from 88.36 million pounds
to 35,8 million pounds, and revenue falls from $24.37
mitlion to $19.45 mifhon. Thus 18 equivalent to approxi-
mately o 60-pereent reduction in total nutsients and a
2)percent drup I revenue, A productive acre base
produces i avergge lertibzer use of 214.51 pounds per
aore with o constrauts but oaly 8697 pounds of
putents prer acry with solution No. 4.
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fndividual nutrients show varyg amounts of chunge.
Nitrogen use dechines by more than o1 peccent, whike
phosphorus and porassivin show decreases o about 54
and 30 percent, respectively. in genersl, @ I-pound
reduction 10 nutnents s aceompanied by a reduction of
approsainately ¥ cents it act revenues per acre,

Solution Nu. 5 decretses total net revenues 1o 17247
million. Average revenue per produchve acre falb o
S92 4 wlnle the average feriihizer use per acre drops (o
3787 pounds. The addiional 29-pound reduction
tertthzer use iy aceompanied by an additional S4x2
decline in per-acre evenue a drop of 1606 cents
per-acte revenue per pound of tertthzer. Fhe dow lewel
feetilizer selution reduces nutnent use about one-tued,
while net revenue falls about 10 percent sompared wath
the average fevel Leutilizen soligron,

the total dufeience Detween thie unconsizanzed dmd
lowe Tevel feptihizer alternatises ot a prodactive acre basts
B S10.760 o average revenue and 15054 pounds i
avepape nutrent use, The pereentage dechaes are dhout
~3 poreent lor fertilizer and 28 pervent lor revenue, The
peracte revenue mpact ol a kow level lernbizer con-
sttt is 10,7 cents por pound per acre. The weinadual
nutnents show neaative changes 1 use of T percent Tor
mitrosen, "2 peieent tae phosphiorus. and 34 pereent tor
Perbassaun.

Soil Loss Effects

Avenage soth Toss paraere wabo attected by terabizen
s lngints, Wien sotl foss constiams wete jmposad.
terndicer e decdmed. However, when lerplizer use
destrased  threaziy o lerlileer constiant, soil Tusses
tictvase prmaniy because of the resullng crepping
pattert Juoge s e sayheans dee brought it e
st Becatise of the feriftzer constranis, erodability
s as i fosudt ol the peduced seddue wind canopy
anet avease ol weses o SRGOTOU senes sols an-
CTease a0 U T foms per acte Leom 20017 tony per aere
with the N U osobtion e 3310 tuns per acte withi the
NeAselatwnt

The oo 5 suliuton turther oeases basiwnle
averas® et fo G 341 tons per acre. The saration
averdae st less amony watensheds abwo wereases. Thoye
watensiieds  posacasiiy thie lughest average st fusses
how the Lirsest serd Toss ngteases. There s @ dilterenae
ol 1151 tons o aseraae sl loss amons watenhieds with
sofl Loses pabizmy Host 2ol oy o 37 68 o pet

AT

A evamisation of the average soth foss by SRG gves

e el Tt Ty wivi) B eslplingfes see fieh,
thtey ane 3% Dread o0 Lessars Prosn sogly i thies pesionn See estisnes
Py R e Npesmer, KT santon,and G Themenani, “Water
Yredd imd | peton Resporw to Lassd Masasement™ J Seal ad
Wt et e lady A 1473 pp (681

an mdication of the suil joss changes taking place {see
table 9], Three SRGs account for the mmjority of the

Table F—Average soil loss on 700 series SRGs for
unconstraised and fertilizer constrained solutions

Saleton number?

SRG!
Nar. 4

Tuns peracry

5,54 5.54
9.78 1004
7.80 8.64
5.83 5383
43.25 45.63
16,78 16,97
0.35 0.35
76.58 76.58
3,50

64.19

295

1.98

32.35

34.18

Usee evplimation of SRG elssilcation system in footnule 14
and appemin tible 2, 2 See table § for a deseniption ol solutions.

suil loss werease. These are SRG 730, 731, and 740.
These three SROs alse make up a significant proportion
of the total acres within the basin, SRG 730 shows a soil
Togs per acre of 34,60 wns with the unconstrained solu-
tion, 43.25 tons per acre in the average tevel ferlizer
solutton, and 4363 tans per acre in the ow level lertil-
irer soluton. SRG 740 jumps from an average soil loss
per gere of 5484 tons o Ta.58 tons in the average level
fertilizer solution, But no additionsl change was indi-
cated between tire average and low lewel solutions.
Several ather SRGs also show soil foss inereases of lesser
nuigitudes as tertifizer constraiots are applied.

Land Use EfTects

The SHI is also aflected by constraints on fertilizer
tse. s shitts 1 dand tse oceur in reaction to added ler-
tihret constraints. The index for the unconstrained
altenagive o 84235 15 aliost doubled under the aver-
age tertilizer level alternative o LOU8S6, However. as
the lertilizer constraint s ughtened w portray o low
tevel uf tertilizer e, the mdex falls o 133932, This
Wiy (o indicate that as one reduces fertilizer use, the
objeetive ol a more diverse fand use patiern b {aeilitated.,
but to a pont. Al what level of fertihzer constraint the
SLE would be the Jughest cannot be deternmined from
the linnted number ol observations in Higs study. Table
HO preseitls the respeetive Jand use acreage {or the solu-
tions discussed here.
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Table 10—Land use acreage For unconstrained and fertilizer
vonstruined sofutions

Solutiun number’
Lind use
Noo | Nuo, 4 No. S
Aores
Corm ... ..., J08,507 LN I a3 167
Srrghum L L, L 1,694 {30,641 174,364
Savbeans |, . L6494 171,k PTG
Small pran L, 0 1} u
Lrarrest and
wichand .. - . 19,048 19tda [RREETS
Cther land 24,39y 24,87 24399
Tay ... .. n 214 i
Pasture amd 113161 112984 prlned
FIREE . . ...
Suntmer taflow,
e Ivation
s, gnd wdle 1 3] 0
AR R - .

FSec table 3 for s descniption of selutions,

Yield Lffects

Reduetion m Jertihizer use i achieved by altering the
ceoppig pattern theoughout the basi, Cropping prae-
tees are changed bttie, o amy | by lerulizer constrains.
Phe negative effect on farm incone 1 fhe eapecied
result of g tertilizer lnntation, I addition to the chunge
I cropping patters which brings abow the produoction
of lower revenue crops, lower yelds are eapected he-
witte al’ the tertilizer restrction. The positive relabion-
shup Between viehds and lertilizer applicanon was built
mto the model. However, an examination ol the solu-
ton eestlis would appear o contradict this haste
assomptton. Table 11 shows the average yvields for the

Tabte 11 -Average erop yields for unconstrained and
fertitizer constrained solution

Solutian number!

-

Crup T -
Nl NoLa No. 5
Bushels per acre
Lom ..., FEN RN (1260 1694
Sorghum , ., ... 26,28 49,51 R el
12,24 2% .55 35,87

Suvbeam ..

L8ee table 4 for a desenpbon ol wlutions,

three mayor craps for the alternatives under considern-
ton, with seenngly surprising results.

The apparent anonnlies can be explained 1w the [o)-
lowing wiuy. As corn aereage decreases [fum over
HUBH00 acres o approximately 118,000, and then 1o
about 63,008 acrey (table 10}, the average vield in-
creases from 1M bushels per aere to almost 117 bushels
per acre even though fertibizer usage bas been severcly

testircted. What has happened iy that the rate of Tertil-
teer application oo corn grown has not changed. Corm i
stifl grown with o hagh rate of fertlization, Bur, us
naturally fess prodoctive SRG acres are removed from
cor production, the average yield of the remaming
e produclive corit acies rlses.

An opposite line of reasoning explaing the rising
sorghum yields, Sorghum in the unconstrained solution
is relegated to low-yielding SRGs. But, as more produe-
e SRG o acies are shifled from comn o smghum
production, the average yield lor sorghwm rises, Such a
fne W yields can take place even though less fertilizer 1s
wsed  becase an alternate surghum-soybean rotation
wlieh hus a buile-in complementarity s introduced, The
farge difterence between corn and sorghum vields (which
nonmally tend to be similac) substantiates this reasvning,

When analyzing responses to lertdlizer restrictions. it
must be remembered that the wate of application is not
the peincipal way in which fertilizer wse is reduced.
Change in the cropping rotation and pattern i the
poneipal way Fertilizer use is reduced, especially under
the average leve) vonstrint.

The yield increase of soybeans is the result of a
combinatton of elfects. The average vield increases from
about 12 bushels per acre under unconstrained condi-
tons o uver 27 pushels per acre under the No. 4
sotution and then decreases slightly to about 26 bushels
per acre uader the No. S solution. The same reasoning
that explains the yield changes for sorghum can be used
o explain most of the changes in soybean yields. As
cort auredge iy decreased, more productive fand s
shifted o soybeans and the yield dillerential between
SRGs brings about a higher average yield even though
fess total fertilizer is used, Actually, the shift from corn
to sovbean production aceounts for most of the redue-
tian in tertilizer use hecause soybeans have 2 much lower
teetier requitement,

The decrease in averuge soybean vield between the
No. -+ and No. 5 solutions ean be accounted for by the
fact that, wnder the average constraint, abou- 50,060
acres of soybeuns are grown with a high fertilizer use
cura-soybean rotation and this rotation is completely
climinated in the No, 5 solution. The Nu. § solotion
produces more acres of sovheans bt they are grown in
2 sorghunesoybean rotation with average und zero levels
of fertilizer use. As 2 consequence, the average soyvhean
yield falls, The tertilizer-yield response effect is stranger
upder the No. 5 solution than under the Nu. 4 sulution.
The lertilizer-yield response of soybeans vader the fow
use selution is also stronger than the SR yield ditfer-
eitind effect.

LAND USE CONSTRAINED SOLUTION

(NO. 6)
The land use constraint was apphed singy to anly
one  alternative solution No, 6. Other  constraints
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clranged the Tand we my and tirereby the SHL bul the
Lipd wse Jtobtten was g0t prespecitied, The con-
stratnts phaved on s solutton calied for fower and
appet s on the o1l basn acreage withim each of
fine land uses. The Tollowmg upper and lower s
were npused.

fund we foswer finat Upper Hmnit

Aeres

SUAHN
HUUL0
43 00
45 B0

Uty
Sorghun
Suy beains
Sunali gran
Fotest and archad IR
Lther fand RENEHYY
thiy 3400
Tgsture amd range (LI
summner tallow , cone-

SETA AL I, diid

nlie S5 000

175000
175000
100000
HO0 BUG

ESRRY

. U0U
[RVIESIHY
225000

140,000

I mos tistatives the fower T was the constrainug
factor. Phis, uf coubse, was expecied siee o other con-
strats were apphied.

The hughest or wdeal SHE i obtained when the propos-
fiopot all land uses v equal, n setting wp the lad use
CORSLLIEE, L was tevognized g atlanument of the ndesl
was Jitfeasible s well oy unicalistie becatse three Jand
tses Turest, “other,” amd pasture and ngeland -have o
Ned punimom acreave under all conditons (see discus-
sion on page Siin the constrained solution, all of the
land uses are at or pear the lower limit except for corn
which was the most profitable crop (table 12),

Iable 12 ~Land use dutribution, anpconstrainel fund mix and
constrained solution

-

Solution numbed?

N d I No, &

Comd . ... 4880

P52,130
RO, 00k
4550
45,008
19,846
24 340
45,008

112,984

Surehium (IO RIN
Soybean. N 16935
Smallgeawn .. . ... i
Farest aml orchand 19,0460
Otlwer {aind . 15.3099.0
Hay ... .. Lo 1}
Pslare sl range IERRTINY
Spnmer Laflow,

LU IR :

pse,aml ondle .0 L 0
o - jF .

ser talle o for g desenptiop of solubons.

45,000

Revenue Effects

As m oall cases when 2 constraint is limposed on the
programnng system, net revenue is reduced. in the Sk
canstrained solution,  tolal basin revenue fell (0 520,14
million of gbout 17 percent compared to the uncon-
strained sulution. Average revenie per productive acre
NHOURLS W $48.56 compared to $59.17 per aere with uo
constralns.,

Soil Loss Effects

impusition of the land mix constraint reduces soil
loss throughout the basm. Average suil loss with the con-
stramnt 35 1110 tons per acre per year over SRG 700
serws acres, or 19 percent below the unconstrained solu-
tion, Reduction it soil loss due to the land use mix
constraint results from more acres of less erosion-prone
rotatiung entering the solution, The constraint does not
requite conservation measures to he used, but the crops
produced are more protective of the land,

Fertilizer Use Effects

Salution No. 6 reduces fertilizer use throughout the
bustt. The constraint on land use reduces the acreage of
carit and increases the acreage of soybeans, small grain,
and hay, Since soybeuns, small grain, and Ray have much
lower fertitizer requirements, total fertilizer use falls.
Total average nuirdents ate 214,51 pounds per produc-
tive acre in the unconsirained solution and 144.22
pounds with the land use constraint, a decline of alraost
onie-third. Individual nuirients show different amounts
of deercased use. Qverall basin nilrogen use fails by
about 37 percent, but this decrease varies from about 30
to 52 percent, depending upon the watershed. Phos-
phorus use declines about 9 percent at the basin level
but varies at the watershed level from an increase of 6
peregnt o a decrease of 28 percent, Potassium use falls
by about |8 percent with a variation among watersheds
from a d-percent increase to a 37-percent decreasc.

Land Use Effects

As would be expected {rom constraining the land use
mix. the SH rises to 200158, This compares to an
abselute maximum index of 2.19823 if the acreage dis-
tribution Tor all ninc land use categories was identical.
The No. 6 sofution has a varying effect among water-
sheds beeause of the different amounts of land shifted
to different pses within each one, This is reflected in the
varying SHI.-from 1.70377 to 2.02998 for the indi-
vidual watersheds.




FERTILIZER AND SOIL LOSS COMBINATION
CONSTRAINTS (NOS. 7 AND 9)

Two solutions combuie constiatints on ferulizer ity
and sanl loss, Solution Noo ™ constrans tertthizer e gl
A aerage leved with soil foss held at Jess than 3 tons per
ot Solutn Na. 9 constoains Fertilizer use at fow
evel with sonf loss abo beld at foss than 3 togs A ERIEY

Reyenue Cffects

Combimugg tertizes aid sond foss Conistragits has the
expedted resutit of educns wvenue substangualls more
than when etther ol L cotsitangs s tsed tdnidualhy
Phe Noo 7 sofution teduces the totat iasin evenue o
sUv o anilion, o 335 percent below the totdd tes eiae
ohtared wnder uncarsttaaed conditens [he how level
fertthrer and Son son Joss constiamls (%N Y1 reduce
Borlab tevenue Lo ST3 3eomglnon, o 4802 peroent below
wacansiraned conditegs

Revenne under the avetaee fevel lestiinrer and il
fows onstramt 1 about In poreent less s wien unly
the average fortilizer consttamt was ised. Resenue ltom
e combination fow lesed tertthset and suid ioas salugron
IS percent fess i the tevenue when enly the loy
fevel feiuliser solubion was med. Averaze revenue pe
pronductive dore s 33890 urdet the Noo 7 solutton and
S3Te% unpder the Moo 9 solutiot. These 1evenues e
strnticantiy dess than the aeragze ewenoes of the sty
applicd, Ston sotl loas (SN 3 selunon, the average
tetilzor (Ne ) wlution, and tiwe fow tesel Tertthzer
(N S solutian (see tabje 13,

Lable 13 Average revenur, soil 1oss, fettlizer use, ani
S lor sefected satutions

e g r e
f Average
Salution Aenie |oAsRae ¢ lertiver SHI
number! Ty IR ‘. sk fuss [1RSY
e o me A - mem e e M e
Oadlurs Tour Poynds T
RN {10 2451 A42A5
EENI 8.28 15202 [ m2g
47,23 Lle 86,90 L6880
o A2 REN sTeT 1.A3032
R L 528 5672 1.71386
1 37eS 528 OR.51 LEIIY

W Lalle 4 Ler o deseripiaen ol seolufons,

Soil Loss Effects

Under hoth combinauon solugons, sail foss at the
hastn level s the sgme becavse of the identical suil loss
consirint uaposed  Jowever, there are dillerences
ditong watersbeds w the amount af $)il loss. This vaga-
by takes pliee since the sod loss constramt wis

apphed at the SRG level and the combinstion ol Ja low
leval fertibizer constramit with the soil oy constiant is
wuch more resteictive thas is the combination with an
average level lertihver constrant. The changes whieh
take pluce in watershed sail Josses are due to changing
crop patterns and practices whicl are induced by the
dtlierent tectbzer constrants.

The change @ copping patterns and  practices
between (hese two soluttons felps vne (o understand te
VAL af averdge revenue as well as e clangig rela-
tive postion ol cach watesshed. The sail loss i any
et walensiwed oot determinable from the constrames
thenmelves sinee the soll Toss 11 a0 wirtershed elurnges
undel cach combination of constramts in relatonship to
what S copping pattern s Jollowed and what cropputy
Mactices ate employed. When lerdlicer use 15 con-
stined by atsell o adb of the watershieds have o higher sot
Wy under the lower feridizer situation than they do
undet the average tertihizer use sitwation. But, when soil
has and fertbizer e wre constramed in compunction
with vne another, e eflect of the comstiaints is not Lol
utlerpthy by the watersheds hecause af the QilTetent
SRG conipoattion af cach watershed.

Fertilizer Use Effects

FFertilizer use afso changes ay a result of the varwus
consttainis. The average tertilizer under wilcon-
straed comditions was 21451 pounds per productive
acte, Avergpe lerttfizer use under the Na. 7 soluton was
5072 pounds per productive aere while it way 683
potids tnder the No. Y solution. Siee ferulizer use was
constianed at the watershed level, there was not inter-
watenfred shiiting of lertilizer use. All watersheds use
fess tutal Ferithzer tinder the mote estrictive constraint,

Ferttlizer use i these combunation solutions is very
stiilar 1o {hat wiich occors when ferulicer is con-
struined by stsell, There is only tractional difference in
the average use of Tertilizer between the two solutions
whicle constrant fertilizer tse ai an average level, Feciil-
vrer use tn the Noo 9 salution is hipher than in the No, §
soltttion whieh constrans only fertilizer usage at a low
level (see table 13). An explunation ol why this fncrease
veetrs cai be trreed te the cropping patiern dilferences
existing hetween the two solutians,

[154H

Land Use Effects

Basin and  watershed SHIs show the differentia
effects of the various constraints. The combinution
canstidined solutions have higher SHIs than any af the
sulutions where soil loss or fertilizer are constraged
tndividually (sce table {3), This indicates that the com-
binition ol constraints forces more land into less
prodoctive uses and thereby inereases the amount of
Iand use diversity,
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LOW FERTILIZER AND LAND USL CON-
STRAINLD SOLUTION (INO. &)

Lite costiaiti= o this solifiog (S ST aie g wonih-
Haitonr of sobdinn Nos > oand o oo bertiier ase -
colisbraihied Lo bow Teved (8N Band B s ase e
Iy coptntited on e bust Lo ponade a fimb SHE N oL e

Revenue Bileets

NabToE N S cases Total Bt reseiue Lo pinneit
fo SR pmileon o 3 s pereent Below thie tolad
feventy entaend e R U sbaeed solulion, Averae
vt v vA0 b e prondictive gont coapaed wath
AVCLECS IMvemke ol S3ET per ace nuoomstianed,
SA24L per g wt the N 3 osolutioii and Sababe per
ACTE 1B Neeowosolufion Avenase teweniie by owatendiand
wanaes Lo S04 te S0 T The difierenee of Shtin
anens waienhieds o the cnnboniion Moo S salinton
cernpnes witie ddrterenee of s 3 sewhen te dow eri
er eotsitantie s wsed abone aed 3TA Y when the lowd
U st s aed alone,

Soil Loss Fllects

Tordd seid bty aie Igine: g g fonid wikict
Ut omsinatiod votnditens. Tafa’ sotd doss b Mo »osotu-
G Bios APROAILalely BRdwdy pebween tiut tound
Wit 1s T o COmMPoRGiE Gnninamts wete apphed idi-
vidbeadts FEa ave stk Bose ts Loss i this solutien (han e
wot 11 the owy tertdiser solutene bug buzher than o the
Tathd iy soft N Avene sod oss ot TUU IS acTe T
2T s wtdh the Noood combtndieonl O opstrainits,
Aot oaNe. 1 AT oNe A and IO (oL o) e
Latd tny vonstnn (Ne o tends te fower the avenaze
safl Tovs wile the tepslirer comtiamt (Nl 50 tends Lo
HILTEANG 3l detasels,

T Jo N wnphaato mereies the saration of soil
Josses 2munig waiersiwds cotapared to the unconstruned
sotutnon Eves Lyamd mdividually apphied solutions Nos.
Soamd oo The masmmum average suil loss difference
g watenheds 1y Lot fons for Neo ¥, 1158 tor
Nosto LI dee N Soand 513 Tor Ne L

Fertilizer Use Effects

Since ferfinrer use 15 restricted too fow level the use
of nutiienls 15 predetermined even though total potas-
stum use decreases shghtly and mtrogen use moreases
shahtty, compared with the usgge i the low tectilizer
constiamed salution Average total Teettlizer use is 59,14
pounds per productive acre m this vombination solutien
and 3797 pounds i the low tertifizer sulution. Average

petzoeoen Wse e proaductive aore undes the combination
GOy LD [t ST L R3S pounds, avetage pliosphorts
e 1y 8227 pominds, nul asetage patisim use s 259
powids.

Land Use Etfecty

e SHIE o brghwe (208033 umdet the Moo S solution
than 1 s (2000551 winder the dapd pus camstiunt.
Comtbupg the Tind iy and low teittlizer constzamts
Tas i difterential eftect on the watensheds because of e
douty ol Lo shated o ditlerent wses wathin the
wdividugt watersbeds, This s rellected mthe SHI winch

L]

wdties o TR 723 o Jub o8 anong watersheds.

Yield Elfects

Average yiehds i the Noo S solution generally temd to
be lower than the average yields i the Nootoor Noo 3
solutions [table 14). This 15 aitnhuted to the fertilizer

Tabte 14 - Average vields urder three solutions

A - T

Sudutian number!

[ : |
A b o S
Alfalta 07 54 -- 1.3}
Sin beans thie) 31 587 18.82
Curat thny .. L1126 11684 9742
Sapubinn bt 9151 53121 ST495
Late hay 087 .. {5y - 220

i
| P
Wheat thay 170 - 378

Nu G
et

Ugee fabie 4 o deseniptsen ol sohutioas, * The land e
conntzint related ol iy Smee attaifa is more profitable, no
taimne Ty canie miie the solpban and this Qwere was noovckd.

restriction. However, other changes also take place to
aceentuate the elfect ot redaced lertilizer use. Allulla
yicldy tall dramatically when compared with the average
yields of the land mix constamt. Pertitizer application
tates on the allabia are reduced and there §s a shift in
acreape to the production of tame hay because ol the
constraint on phusphaoris e,

Sorghuny and corn Vields abso show a large downward
change m average vields under combination conditions
campared with those in a laind mix constraint solution,
All ot the sorghum in the combination solution iy grow
af a fow rute of fertilizer application, whereas a high rate
is used under the single constraint. Acreage shills also
take plave. Sorzlum acreage is held to a minimum in the
combination soltion. These kinds ol acresae shilts
change average vields because ol the productivity
dilferences in SRGS.
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FLOOD PROTECTION CONSIDLERA T10N
(NO. 1)

Alternate solutum No. 10 vonstdered twa dapects of
Pl Son oed protection (see lootnote to table 43 10
addition Lo constnes o seil loss and ferohizer use
(No YY) The aspects of Huod protection canstdered were
the waler mmpounded acreage ot Toodwater structinal
meastines and e reduced average annual aeres douded,
Aivexplanation vt how ood proteetton was eiuded 1
the hinear progranimisg wadel [ollowsy,

Avieage temoved Tom production thwugh the can-
stiviction ol Hoedwater stitelures was determiined Irom
watenhed waork plans and SCS wollg data, Acieage
removed from prouncion By the faod pooks wins con-
sulered ta by the serface acreage of the permaneny pual
plus 125 pereent ot the Hoodwater pool. Floadwater
povls are temporanly Toaded dnmng and munnediely
abter peoods of hugh tunall The mundated sereage was
ailvulated tor cach watershed and was then allocated
bebweets bottondands and aplamds, Based  an some
Abeady planned watensieds, permanent pool avres were
vansidered to be distnibuled 30-50 between battomlands
and uphads . Floodwater poud eres kst te production
were allocated on the basin ot 28 pereent boutamlbands
amd 8 percent uphaonds A Burther alfocition was then
nhide ol bottomlands and uplands 1o 5RG classtia-
tans Ty was doate inaeeordanes with the current pro-
purlion al SRG aereage m the respective watersheds, For
example. it 20 peceent ol the buttoimband vt a watershed
was o SRG S0, then 200 pereent ol the mundated
bottorland was issuimed to be SREG 310 acres. The aeres
of el SRG that were devoted (o fixed kind uses were
eho determned. This was done calewlaving  the
curent pusporiion or these tyes on each SRG and allo-
Gty the inundated aveeage acoordingly .

Puhatteement benefits from flood protection were
based v acreage protected by the projects. This acreage
wis vomputed meothe followmyg way, Printawes ol the
average annual acres Hooded with the most hikely project
alternative and without project protectimi by watershed
were ohrined from SCS. The differences in tlooded
acieage hetween those with and without this protection
were determined tor each watershed by increment. The
incremeitts used were Noading depths of 0 to 1 fout, |
to 3 feet, and 3 feet and over, 11 was assumed that food
protection ol agnieuitural kinds ehaoges the praductive
vapability of those lands. Therelure, in decordance with
this assumption, it was decided that  the acreage
enhanced by flood protection underwent a change in
5RO dclassilicaton. The benefits 1o aeres in the 0- to
Idoot mcrement were assumed to be equivalent to
upgrading Land Trom SREG S22 (0 SRG SO, Acres in the
[+ to Seleet merement were changed fram SRG 535 to
SRG A2 and acres in the 3-feet and over increment
were shntted from SRG 562 to SRG 535, These four
SRGs were tsed heeause of their susceptibility to
looding problems, in geeral, unly bottomland acres

18

were treated in this way because of their Hood hazard
potential, but additional adjustments were needed in
some cases hecause of indwvidual peculiaritics ol water-
sheds, Acreage was uot shilted o or [ram an SRG that
did not already exist in g watershed. This was donce in
arder to aveiu changing the entire makeup of the linear
progrim coetliclents.

[t should be emphasized that the whale procedure
used to amalyze the changes hrought about by (Mood
prateetion dspects ol P.L. 566 programs is not a com-
plete assessmient ol UL, 566 heaelits, Table 15 shows
the total acreage changes that were made by watershed
- order o introduee the flood proteetion prograni.

Table 15 - Acres enhanced and cemaoved through
watershed program

Watershed number Inhareed deres T Acres,remaoved
- e e o L]
Lo, 4,193 1,294
e Y2716 BO8
Y 1 0
T 426 72
S, e 1,658 600
b oo, 1,683 264
T, 2,570 67H
Basin total ... ... 13,346 3.71é

' adyasted down from an wrgnud estimate of 3,454 because
there are not enodgh soil acres 0 series 500 to accommuodale s
farme o chiunge.

The acreage enhanced and removed as shown in table
I5 was included in the model by making various SRG
acreage adjustments by watershed. These are shown in
table 16,

The analysis vsed is partial since it covers anly the
production and enhancement benefits to cropland and
the acreage removed from agriceltural production by
water retention, The cost side -inunduted acres--is
prabubly fairly accurate beeause data on this physical
aspect are quite accuraie, However, the benefit estimates
arc conziderably more conservative because the estima-
tion of acreage protected is less accurate than acres
lowded, and whatever adjustments were necded heeause
of data gaps were made on the conservative side. No
consideration or gccount was taken of land treatment
nractices, grade stabilization structures, or downstream
effects. Reasons {or this lack of consideration included
2 lack of data and an inability to handle the necessary
changes in the wmodel, Therefore, changes which do
appear in the lollowing analysis are not only partial but
are also conservative,

Revenue Effects

Since two of the consteaints used in solution No. 10
were the same as in solution No, 9 (5-ton soil loss and
low Jevel fertilizer use), a comparison between Nos, 9
and 10 was made in order (o assess the effeets of Nood
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Soil Loss and Fertiizer Use Effects

Sod Joas aind ferideeer use, Foaed at the same levelsin
soltions S o7 andd 110 show onhy ounor diflerences
hetseen the twe soluttons What diterences dud oeeur
watt e gitained proopaily to the way i which the
conntratits were applied amd the changes 1w avreage
necded qoclude the partal Boodwdter protechan
programe The mverage o o for the basin was 5.25
tagts Pt adte 1 sodution Nav 9 amd 3207 tons per acte in
Nen T [he avenage sodd loss Ay owatershed o No Y
pagiged o 383 fons poracre (0 933 1o peracre &
dilterence 0t 30 tois Average soil loss by watershed
0 Nen 0 pdgeed Lot 3,00 Tons pet dote {o 8,54 tons
peracte ddrivienee b 4RSS tons,

Fatgl tersferer use tor the basin in these twe soju-

Table 16 Acredge adpustnents In SR and watesshed fuz wncfusion of watershed program
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Vooptersizend tieidne
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Nl 370 336 4,244
b 30
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ter B atine valties i apecitind as positise, TSee exphination of SRG classificayon m

tans 1s the some Tor both nitrogen and phosphorus.
Totdl potassitg use mereases by a snall amount when
Hood protection is added. As a result, average fertilizer
wsape per praductive acre in solution No, 10 increases
slights . This is hecause feetilizer usage is constrained at
tire basin level and the fluad protection solution has o
suzitler goreage hase,

Land Use Effccts

The addition of partiol Boodwater protection to the
model produced some changes in the SHL At the basin
level, the index rises with the addition of floodwater
pratection to 189856 from 1.89314, However, at the
watershed level, the index does not always react in the
same way. in fact, only two of the seven watersheds
show an increase in the SHI. The other five show 2
declining Index. As in other measurements, differences
hetween these iwo solutions (Nos. 9 and 10) are not
preat, but partial foodwater protection does produce
minar chaonges in land use. The change in, or the wsagni-
tude of, the SHI at the walershed level does not peccs-
sarily indicate the change or magnitude of the index at
the basin level, Therefore, even though live of the seven
watenheds have o Jower index, the hasio index can still
he larger.
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OVERALL SUMMARY AND ANALYSIS

Throughout this study, the primery concern has been
with the trade-olls that have resulted from the unposi-
tion of the varinus constraints either singly or in combi-
nation. Predicting the directional eflects of any given
cunstraint oo the other variables is by no means as dit(-
cult as estimating the magnitude of the changes, H{ow-
ever, when the constraings are used in eombination, even
predicting the directional effects is subject to ecrar. The
interaction between constraints i diflieulr to sort out
even whe one is aware an miteraction is taking plce,
The interaction and relationshyp between the variables
do nol always work in the same direction or to the
sanie depree when each constrant s applied indmadually
or i cambmation. This disparity s tvpitied by the fact
that us seil foss is conatrained, teetilwer use Lalls, but
when fertihizer use is constrained soil loss increases.

Table 17 summanizes basin-level toral and average
reventie, soil loss, and tertilizer use tor the ten alters
mie solutions analy zed in this study {see whle 4. The
SHI tor eaeh solution s alo wcluded. Table 17 iy help-
Tulin vistalizing the magnitude of the ditferent variables
and how they change between solutions,.

Table 18 s also @ summany table whicl details
dverage eevenue and fertilizer use vver productive acres,
average soil loss per 7000 serles acres, and the SUI tor
cach obf the alternate solutions plis the difierences
between the unconstrated solution and each altemna-
tve. This table is helptul 11 deteemining the strength al
the varous constraints and the effect ol the vonstrains
un the four mayor variables,

SOLL LOSS CONSTRAINTS

Constrants used in this study vary in the degree to
which they altect net revenue s well as every uther
envionmental parameter. Soil loss restrictions are the
least detaimental n revenue of the three ivpes ol con-
stramts used. In pepersl, constraining soil loss by SRC
reduces revenue and fertilizer use and inceeases the
SHI. Achieving various levels of erosion contrel bas
aecompanying  trade-offs i farm inceme.  esthetic
quality, and production input requirements. The [O-ton
it toss constraint reduces toral revenue about ¢ per-
cent and tertlizer use about 16 percent, while 6l
percent of the sail loss is eliminated. The revenue cost
per tan ol soil toss eliminated is 33 cents. The S-tan soil
loss constratnt reduees soil loss by 80 percent with a 16-
pereent decrease in revenue and a 29percent decrease in
fertihzer use. Revenne cost per ton of soil loss elimi-
nated 15 45 conts,

Attention should be drawn to the Faet that the reduc-
ton 10 soil Joss is achieved by altering the cropping
paitern and practwes throughout the basin, The alier-
tuen of the cropping pattern means that Tower net
revenue crups are produced, while the alteration ol the

cropping practices means that producton costs are in-
creased. The erosion-ceducing options built into the
linear program mode] are lower net revenue producing
because ol the higher operating and maintenance costs
associated with these erosion-reducing operations.

Sotl loss constraints have a large differential elTect at
the watershed level, Average revenue for each watershed
decreases but the relative revenue-producing capacity of
the watersheds with respect to each other is changed,
Soil loss constraints have a stronger revenue effect on
some watersheds than others because of the dilferent
soil loss potentials ol each SRG. Therelore, prime can-
sideration in detennining ellects ol soil logs constraints
on net revenue 8 SRG compusition. Lven when the
composition ol soils among wutersheds appears o be
rather bumogeneous, nijor changes in average revenue
can take place. Theretare, the erosion potentiul ol water-
shed soils needs to be carelully examined in urder to
antieipate the mugnitude of change that can be brought
about by a soil luss cons raint,

FERTILIZER USE CONSTRAINTS

Fertilizer restrictions have a more negative elfect on
net revenue than do restrictions on either the land use
mix or soil loss. The average level fertilizer constraint
reduces total fertilizer use by 60 percent while revenue
declines 20 percent and soil loss is increased 27 percent.
The low level fertilizer constramt reduces total (ertilizer
use 73 percent and net revenue 28 percent, while soil
luss increases by approximately 20 percent. [n general,
a l-pound reduction in nutrienis is accompanicd by 1
reduction of approximately 9 cents in net revenue.

kven though all constraints used in this study
decreaged fertilizer usage, the muost effective means of
reducing this usage was through a direet constraiut.
The principal way in which the programming modlel
achieves lower fertilizer use is by changing rutations
tather than redueing fertilizer application rates on high
fertilizer requirement crops. The highest possible fer-
titizer application rate is maintained wherever possible,

Since the fertilicer comstraint was imposed at the
watershed level, it was hypothesized that the effeets of
the constrpint would be similar on all watersheds. This
did not prove e be eatirely true. In the solutions
studied, it was found that the effect of 4 fertiiizer con-
straint on individual watershieds is preconditioned by
the proportion of productive acres within the various
watersheds, The higher the propartion of productive
acres it o watershed, the mare restrictive is the ler-
tilizer constraint. The variahility in average revenue
among watersheds was reduced by a lertilizer capstraint,
Changing the level at which a lertilizer constraint is
applied ur the rates of flertilizer application would
prubably have different results. However, given the
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Table 17 - Summary of results for the 10 solutions
Sedution number?
Ttem - - : ey S, - :
No. 1 N 2 Na, 3 Need 0 NS0 Nk Ne 7 New 8 No.9 7 No1o

Total revenue (dollars) . .1 24,372,675 22,195,560 20410620 19453247 17466,222 20136294 15963726 14,912,019 13,354,327 13,430,324
Tetal soil loss(Ty. .., . 112,849 542 4,967,978 3573281 - 16,251,425 0 16,781%39 141359 2K9 2RTRKLIA 13,313,803 2,577.083 2,576,950
Tatal tertilizer (pounds) . | 8,355,988 74,()33,924 62,473,388 35,796,275 IRTTON0 - $9440.440 0 2 E3T 616 24.37K,347 24304008 24,306,465
Total N {pounds) . ... . 73623408 - 57,010,391 43,716,749 2R425,000 19329000 46,253,406 2% 425000 19897500 19,897,800 19,847,500
Totd P (pounds) .. L .. 12,272,762 - 15,122,814 17,299414 5,665,775 3,411,000 11,134,260 5,685,000 3,411,000 3,411,000 3,411,000
Total K (pounds) . . . ., ] 2,459,818 1,900,719 1,457,225 1,705,500 1,137,000 2,022 780 1,427,616 1,069,847 995,518 997,965
Total productive acres? 411,894 411,894 410,952 411,894 411,894 412,130 409,761 412,130 354,787 353,620
Average Tevenue per pro- .

ductive acre (dollars). . 5917 53.89 49.66 47.23 42,41 48.86 38.96 36.18 37.65 37.98

2 Average soil loss per 700
seriesacres® (T). ., .. 26,17 10,12 5.25 33.16 34.18 21.10 538 27.52 5.25 5.27
- Average total fertilizer

per productve acre :

(pounds). ..., ..., 214.51 179.74 152.02 86.90 57,97 144,22 86.72 59.14 68.50 68.74
Average N per produc-

tive acre (pounds), . . 178.74 134.41 106.38 69.01 46,93 112.30 69.37 48.28 56.08 56.27
Average P per produce- '

tive acre {pounds), . . . 29.80 36.72 4210 13.75 8.28 27,402 13.87 §.27 9.61 9.65
“Average K per produc-

tive acre {pounds). , . . 5,97 4,61 3,55 4,14 2.76 4.91 3.48 2.59 2,81 2.82
SHI. .o v, 1.21733 1.30924 1.60886 1.53932 2,00158 1.71386 2,05448 1.89314 1.89856

' For a description of each solution; see table 4, *To-
tal -productive acres refers to those acres which enter
the solutions as budgeted rotations, The acres of forest,
pasture "and rangeland, and “other” land are not in-

cluded as productive acres in the sense used here even

though most are. preductive in an agricultural sense.

3700 series acres are upland acres which have associated
soil losses. 500 series acres are bottomland acres and did

not have associated soil losses, 700 series acres are

490,997 for all solutions except number 10 where the

700 series acres are 489,319.




fable 18- Average covenue, sodl loss, fertilizer use, and SHU for the 10 solutions, plus change
from the waconstrained solution (Ne. 1)

‘ —

Pertibizer SHi

Revenue So loss

v

! i
Solution! - Fo-
T Averge? Uty

Aserape? | Change

Averape? Change Tadex Change

Ihallurs Diothars Teny
3407 2617
53,84 he AR
49,66 Y s RIA
47,23 1. REA L
31441 REM R
J6.80 = 20
RERVY Rt 528
6N 23 JT.R2
1703 3t A2 s
A7.9N

Lo

2
21 5.2

TTor aodesription o cavh s
? Average soil loss calewlated an a 700 series acre base,

thiie and vesouree constraints of this study, these possi-
hilities were wot avadable for investiga wn. Considera-
Bons of these Kinds are newded before many delinitive
conclusions can be drawn with egard o fertilizer
tes{rictiong,

Fertilizer constraints increase average soil losses as
well as the variation i soil loss amonp watersheds. This
wibicates that to partially olfset the aesative revenue
effeets of reduced tertilizer use. higher soil loss crop-
prg patterns were hrought wito the solution. This is
a logical result when no discounting for possible future
vield dzereases is used. The greater part ol the increased
soil loss takes place on three SRGs, and because of the
smportance of these SRGs in the total makeup of the
watersheds, all soil loss computations are affected,

The SHE is increased through fertilizer coostraints,
hut individuat watersheds are affected difterently. The
virbion mowatershed budices s reduved considerably
by the (ertibizer constraints. Under unconsteained con-
ditions, the watershed with the highest average fertilizer
use had the lowest level of spatial helerogeneity and the
watershied with the lowest average fertilizer use had the
ughest. All other watersheds showed a corresponding
invense rehationship. When fertilizer vse is constrained,
this twverse relationship is reversed. Fertilizer constraints
are helptul in achieving a more diversified landscape but
reach a pomt where thiy etlect is nulliffed,

LAND USE CONSTRAINTS

B orecogimized that the actual imposition of tand use
comntiaints (o achicve areater spatial heterogencity is
rather ipractival, But g aumeric measure of the spatial
heterogenciny assoctuted with other program alternatives
prosides another way to appraise their value,

Tins Fosnds Panmds
214,51
F79.74
152432
tH MY 8680
R 57.97

.07 144 22
20.92 Bh, 72
.35 59014
a2 68,50
2090 68,74

LB4235
121733
1.300824
160886
1,53932
REEHRE S
171386
205448
1.89314
1.89856

1605
MLO2

34,77
62.39
127.61
156 54
.2
127,74
153.37
146.01
145,77

37498
ABGRG
L1665
GLYRD7
[.15923
AR
1.21213
185079
1.4562!1

stution, we table 4, P Aserage cevenne and fertleer use cileukited onoa produetive aere base,

+

The refationship between spatial heterogeneily, fer-
tilizer use. and soil loss tends to confirm the hypothesis
ol those who claim that monoculture aggravates agricul-
tural pollution problems, A spatial heterogeneity con-
straint reduces revenue, soil loss, and toial fertilizer use
at the basin and watershed levels. However. the impact
of this constraint has a differential effect on individual
watersheds, Differences among watersheds in average
revenue capabilitics increase even though the level of
average revenuc deercases for all of the watersheds.
Average soil loss differences among watersheds also
increase under a land mix constraint, while the level of
average soil loss decreases. A large reduction in fertilizer
use oceurs throughout the basin and the individual
walersheds, Nitrogen use is the most severely curtailed,
with lesser decreases taking place in the use of phos- -
phorus and potassiom. Individual watersheds also show
large variations in the amount of nutrient use, The jand
use mix constraint increases the basin’s SHI. Bul the
variation of the index among watershads is also in-
ereased, leading to a more diversified land use in addi-
tion Lo larger differences among watersheds, Watershed
variations may result from constraining land use at the
basin level rather than at the watershed level, However, -
this cannot be verificd since none of the aiternative
solutions tested this possibility.

Since oaly one of the aliernate solutions employed a
fand use mix constraint in combination with another
constraint, 1t is hazardous to genernlize what other
combinations would do to the SHI, n the one alterna-
tive solution where a combination constraint of this type
was enploved, the index was higher than when the land
mix constraint was used by itself. Combinations of soil
loss and fertilizer use constraints alse produce higher <
spatial heteromeneity thay do single variable constraints.
Table 19 displays the acreage in each land use {or the 10
solutions diseussed in this study.
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Table 19 —~Land nse acgeage for the 10 solutions

Selution*
Lamd use
Nu, 1 No. 2 Ne. 3 Nu.-l—* Mo, A Nu. & Ma. 7 No. B Na. 9 No, 10
Aoeres
Corn ., ....... 408,507 316290 242871 117918 63,167 152,130 76,196 80 000 33,085 32,948
Sorghum ..., 1,693 969 596 120661 174364 50,000 41,309 106,670 94,7488 94,709
Soybeans ., .. .. 1,694 597 597 1700 74304 45,000 108,361 G460 00,638 89,806
Seaadl gram L. 4 186 0 i 3] 45000 4] 45,800 18.138 18.079
Forest and
orchard .. ... . 19,046 19,046 1946 19,046 19,0406 19,046 1946 19,044 19,282 19,868
Other lamd 24,499 24,576 14 576 238758 24,39y 24,340 24876 24 340 24 3448 RA
MHavy ... ..., 3] 53,666 110,888 2.204 3 45000 143,894 45,000 100,000 100,000
Pusturape and l
aNge .. ... 13,060 112,984 113926 11298 13161 11298% 115008 112984 170,09 i16,746
Sumitner taliow,
cunwr v tion
ELCLIREITLINTE: L I ¥ 186 il | U 45 040 ¢l 45,000 18,138 18.079
futal .. ... Sa5,500 SA8,500 Sala0n 3655 SAR.AH 568,500 568,500 S6B.504 564,784

568,500

ot a descoption of cach solution, see tahle 4,

COMBINATION SOIL LOSS AND FERTILIZER
USE CONSTRAINTS

When lernibieon aud said loss consteaints are applied in
combiation, o more estrictive st of conditions is im-
posed on the system. As a resul, the watershedy ad
basut show fower net returss, Lower net evenue is {le
princtpal trade-oft resulting from the more restrictive
conditions, o general, the SHI increases with each more
restrictive soeton, therehy  partiaily olfsetting somwe
aegative trade-olts,

Combimation tertilizer and soil loss constraints, while
enducing the level of the variables, do litde i anything to

interwatershed ddterences. o fact, this combination of

constraiets  freguenthy  mwereases  differences  winong
watersheds, The burden of meeting soil loss reduetion m
conthinalion constrmts was shitted among watersheds
as lerilizer use was changed,

COMBINATION LAND AND FERTILIZER
USE CONSTRAINTS

Combining 3 land mix constreint with & low {ertilizer
constratiat brings about the eapected large reduction w
average revenue as well as in the amount of tertilizer
wsed., Since the fertilizer constraint is apphied at the
watesshed fevel, only o small variation in fertilicer
use amony watersheds is possible, Soil loss s Tower under
the land min-tertilizer use consteaing than in the uncon-
strained solution, but the vartation among watersheds is
inereased. Since the land mix constraint temds to lower
soil loss and tertilizer constraints tend to mevease soil
luss, chie result of the combination is approximately
midway between the effects ol the two constraints

applied individually. These two constraints do increase
the SEHI more than either constraint individually .

It general, the combination of low Certilizer and land
min constraints have a rather disastrous impact in terms
of revenue upon (he basin as well as the individual water-
shieds. Ferlidizer use is held al a minimum while the STH
is near maximum, This type of constraint combination
improves visugl esthetics of the river basin and reduces
putentinl water pollution from nutrient contamination.
However, the major water pollutant -soil loss ~continues
unabated even though net farm income is severely um-
pacied.

FLOOD PROTECTION CONSIDERATION

A partial flood protection program was considered n
this study to determine the effec such a program would
have on constrainis used in this analysis. Although the
inclusion of a Nood proieclion program was only partial
and rather conservative, it was discovered that the pro-
gram did little to alleviate restrictions imposed by the
consiraints. Revenue, soil loss. fertilizer use, and land
use were affected only marginally. Soil loss differences
were more evident at the watershed level but what dif-
terences did oceur can be attributed principally to the
way the constraints were applied and the changes in
sereage needed 1o inchwde the {floodwater program. In
general, the consequences of tight eaviroumental con-
strainis are rather large, but adding 2 Mood protection
program to the problem did not provide any significant
amelioration to the effects of the constraints. What
minwr evidence there is of program effects at the waler-
shud level is miore a consequence of the uncven applica-
tion of floodwater structures among watersheds than the
result of the program itsell,




Table 26 -Average yields for the 10 solutions

Solution number?
Crop ¥ .
Newl v No.2 | Nold L Ny, o Nuo, 5 No. b N 7 N, 8 Na, 9 No. 10

-—— - S —
Comthud o) LOEd {306 EELATRY 112,60 694 115,26 11246 109.28 106.28 91.42
Sorghum (bu L, ] 26,04 REJRES I4.50 4953 532 42,581 6i)11 66.55 66,71 5795
Soybeans by L] 122y A0 S 27.58 25.87 M4 321 3176 31.47 28.82
Wiheat (bay L - ~ELLNY - - - R - 36.67 37.04 34,78
R FENE S ) - - R 47 1.08 - 3.5y 2.80 190 2,80 1.30
T by 113, L. . - - - - - >3 2.40 2.40 22
S S —— .

Por x desenption ot cach solution, we table of.
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APPENDIX

PROGRAM

Fhe linear program (LR used was IBM's MPS:3060.

Data on vields, fertilizer use, soil loss, ind net
revenue per acre were developed for all SRG s, The per-
centage of crops within each rotation for the spatial
heterogeneity categories was also expanded (o all water-
sheids und SRGs.

MATRIN GENERATOR

The various types of data must be m the proper
format tor mpot e the 1.0 No ocaleulations were
required since all input duta were presiously put into the
proper vocfticient form, The following are types of
jnput:

Card A7 Acres by Watershed, SRG Utese are the
right-hand side (RES) of the acre rows,
Yields, Certilicer Use, and Soil Loss by
Watershed, SRG. and Crop -these are the
cell values Tor the product raws,

Nel Revenue hy Watershed, SRG. Crop

these values are the coelficients of the

obpective function which are to he maxi-
mized.

Production Goals products include crop

preduction, fertilizer wotals, and soil loss

totals, These production goals are the

RES s of the product rows.

Rutation Pereents -for the ealeulation of

the SHI, coefficients (percentages) are

needed to sllocate rotations to the wine
land use eategories.

Card H22 Bounds vn Crop Acreages absolure acre
lower und upper bounds ure specified on
individual crops. The specification of an
upper limit bul a zero or blank lower limit
results 1w a lower limit of zero acres. [f the
epper Hmit is left blank, the upper limit is
infinity. A zcro in thwe upper fimit results in
a rere acredge upper limit. [ no bound or
limit 1s desired, no card is needed.

Card B:

Card R:

Card |

Card M-

DESCRIPTION OF MATRIX

A generalized scheme of the matrix is shown in
appendix table 1, The rows and colums have the fol-
lowing interpretation:

Rows

{Ohjective funclion - maximize revenue.

Land use - equality - tetal acres in a watershed. SRG,

Products - crop production - greater than or equalily -
ratations add various amounts ta production of products.

Fertilizer use - geeater than or less than - fectilizer for
three nutricnts will be accunelated for each watershed
and the otal basin, Initiaily, this is wreater than zero
RS, but is ater changed to a less than RES.

Suil fuss - same as lertilicer use plus an accunwlation
of tons lost by SRGs and by watersheds,

Spatial heteropeneity catepories - greater than or
equality - this is a sununation section for later use in
caleulating the SHI outside of the program. This accum-
wiation is made for the nine land use categories for each
watershed and for the total basin.

Columns

There is only one type of column. Each column
represents 4 watershed (W} SRG (8), crop (c) combina-
tion. The watershed-SRG possibilities {65) are derived
from ¢ard A, The crop puossibilities on these acres are
derived Trom card B. There is no initial or cureent crop-
ping paitern other than the constraints placed on speci-
fied crops through the H2 bounds cards.

Runs

[n the initial run, all row types except the land use
section were greater than or equal o zero, In subsequent
runs, the row types were changed and RHS constraints
were applied. Parametric ranging was also used on some
of the RHSs. The aclivity coefficients were not changed.
A revised procedure was used in making subsequent

runs.




Appendix table §-Environmental linear program model, abbreviated Lxampie

T i i Ty =
I : : i | otype I value
— e e JE S . Y S, ———- PR L
Max revenue y212 7149 1594 g1 1241 7488 69,49 I Iy
Land 1se
WS 1 ! 1 1 ! = Ae
Wa,8 1 H - LYY
Products vuelds
Cont HE 6l 122 11s 57 o Bu
Mo : P2 3 122 29 ot Bu
Beans ) iv Y o Hu.
rordileror
W i N [ T HY {43 isn 145 1 thy,
“I*P ; s i 2w i hk o 1 i, *
W l‘!\ f i ~ & ) = TR
WaX ; 18t ist > v I;:::
Wl ,' o 2 T G,
“_!.]\ : ) & ‘9“ 1 [bw,
Tetal, N P % 1813 145 jso [50 LT 145 = U ibs,
lotas, P ; Lt by b kil 3ir Uy In = 1 s
Total K b & N b & 6 B = 0 Ihs.
W L
LF 384 34 384 11,78 12.48 = i Ton
W s 554 334 7 tToa
alal : 25 354 5.8 554 354 11,75 1248 = ti Ton
Wy, [ 554 5.4 558 2 Ofon
W[S: ' 11,75 1248 = 0 Tap
8 B! 554 5.8% 554 5.54 Z 0 Yen
5a : 11,75 1348 = 0 Fun
S .
Wi Ll = 1 0 50 ! Z 0ac
“‘l. it M t n i 35 H 25 ; A,
W bty - u n .25 #1 23 = fAc
L & : 0n o 0 A,
Wiails ! N 1 = A
WA L3 N T > e
.- R } - i A,
TotiL £U Lo T Su g l 3 Z  aac
Total, T~ ' t 1 L35 i | ¢ LI = TR
foraf, 113 { v u 35 " i\ n 15 2 0Ae
L
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Appenduy tabie 2

SRL Desanphion

A A n -

Dyaeps, stearly Tevel, well dramed sty sotbs o
Battamlauds

Preep. wetl drattad to somew hat pootly drauped,
silth fur Jer gt sedls op bortoaniands sabgedt Lo
tHoad st

Deep. neatly fevel clves o eams imoderateh
bt e abhoalt sotls on patiomiaasls

Pregp, nvgrde fevel soenwew Bat poordy e wiy
el drgnad, claves or sy soths on
Fotromlainds

Dreep toshuallos meardy esel tocenth skormy,
srattied samdy to Jdses, tregaentiy fhoeded
sedbs ot bottombands

treep. neardy level wolb dpamed fo mduteteb
wei drsmed, vt sl on aplands

Deep, vers senthy slopans, well drarmed, sdiy
soals vz uplands

Doep, nearly hevet te cently adepy, Ly
sefs o uplinds

Dreep ezt Josel, swaderagels well dramed,
Aty sers with dbives subsotds op uplands

Blecp, very cently sjopine to stronshe shepany,
doop amd moderatedy decp sty and oany
sty ot uplands

Preep, maderately sdogany, soths on uptands
werth sty enaets sustace lavers amd clay ex
sitboibs

ficep. seny centh dopite o inoderatels
stopire, well draned foais sadls o uplids

Deep or modvrately deep. moderately and
strenshy soping, well drased sty soibson
daplands

Daeep, moderately slopmg or strangly slop-
i eveesave s draaed, sandy and loamy
sotls von aphaerds

Deep, strongls slogsz o moderately steep,
well dramed, sty or kvaaty sods on uplands

Brecp. stronzly slopasg te moderately steep,
well drained o eveeswively dramed, sands
ansd Jospiy st onaplands

Staflew | wers genthy shopmg o arwderately
shepane foanss oty on uplands

Dressr of moderatels deep, moderagely sgeep
of steep. sy of Joams, eveessively drained
sty on wplainis

Deseription ol soi resource groups (SRGS)

[ .

Majuor satly : Slope-

Porcen?
Nenebes, THobbs i

ot , Gibbon, Leshars,
Wana, MueCook

Salne wor afhali pliases
b s ot Botemband

Adbston, Luton, Wabusl,

Lawet drasned

Allus vl Lenad ty pes

Flond, Hastines, Belfore,
Haider, Hall

Siownds, Hasbings, Keith
Hoidrepe, Holden

Adrer, Answelmo,
Ortellic

Crere, Wymaee

Sandy , Nord, Hastigs,
Keith, Haldeedge,
Alhance, Altvian

Pawawe, Wy mnore

Basard, Blendon, Chap-
pell, Glenberg, Hersh,
Ruith, Mitehell, Mooy
Ortelte, Aselmae

Cob, Uy, Coityy

Anselno, Alice, Bayard
Thurman, Vileatine

Coly, Colby, Nora,
Crolion

Valentine, Mhyrman,
Anselmo

Canlon, Canyon

Cols, Colby

e

lexture cluss

Problems

[ine - ity

[y - sty
amd coarse -
logmy

Lt = loamy
1o line

Fne

Sandy o
clay ey

tine - silty
and tiae
1ine - sty
Cuontrse -
Jovamy

bine

Fime - s1lty
and tiee

Fine

I“ine - sty
fo coarse -
foamy

ine - silty

Sandy amd
ULRITAC -
loamy
Fine - sitty

Sandy

I'ine - loamy

Fine - sty

Sheht, soe amedas
sibject fo Hooding

Creoastonal fload-
HM

Satine and atkali

Wetness, snbject
to Mooding

Subaet to Taod-

Hily

Stinht

f'rusion

Urosion

Drouyhty, high
clay conrent
siibsuils

brosion

troswon, droughty,
hizh clay content
subsoil

Frosion

Frosiun

Ernsion

Froston

Frosion

D o bty shallow

Brasion
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Appendix table 3 -Cormn yicld response from fertilizer by SRG?

Lertiirer lesl
3RG [ e i s i e
Zere D low o Aserage Hiah

Bushels peracre

HAH SRRV
e 110
314 ]1.0
59.3 92.0
239 370

78.7 122.n
4.2 s
61.3 95.0
54.8 H5.0
4.5 100.0

0.4
ERAL
804
T
S0L,0

L b e
;’&’Jl:x'&-'!-d
[N V- A

45.0
an.u
RERL

764 ..
L

—
LRI e
Trs a2

P8ee explmation of SRGs in previous table. ? Fhe base yvivld
ot cach vrop and Terglizer level in this stedy was set equvalent
o the estimated vields op SRG 730







