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TRADE.OFFS BETWEEN FARM INCOME AND SELECTED ENVIRONMENTAL INDICA­
TORS: A Case Study of Soil Loss, Fertililer, and ull1d Use Constraints. James Kasal. N,ltLIral 
R~'~\ll!r.:~ h::lllhHI1I':~ Divisilln, hOll()llll~ Resear~h Servi~~, l!.S. DepartllH!nt of Agriculture. Tech­

nical Bulletin No. 1550. 

, 

ABSTRACT 

Ch,lll!!C~ 1ll t.ll'll UK,llm' .IS~lh;l.ltccd \\.llh J\tcc([J<lttvc rccstrt~ti.olls llll ~oil loss. (crlih/cl usc, and 
thc land lIW Ill!"\ Jl~ .1Ilal~ lell. A hllC.lf programlllll1g 1110tkl is used tll estimate the effects or the 
rC\lllctHlll,. Whh:h wer~' JCydllpcd J'i ullikator:. of CI1VirOlllllenw\ quality. Effects of a partial l1uod 
ClI!ltllll Plll;!I,11\\ \)11 farm LTh;UlIle Jllli thc envIronmental quality llldi.:ators an:: also examined. 

lndcr ';,llItlttIOn\ a,sumed III tilJ~ Jnalysls, restriction, OIl tertHiler use reduce net farm income 
Ill\llt' th;lll ,'lIlJ\ttalllts un ellilcr sntl los~ Ul the land use mix. Soil luss .:onstrainlS redll~e net 
tc\enue an.! Icruh/cl use \\htle lllclcasin!! th~ diversit~ uf land lISC. (:tlllstr,lints on the land usc 
nll,\ re,hl';t' ll~t n.'\~nlle. ~oilILls~, and {eftili/er US~. Allor lh~ COllstraints.either singly or in cum­
hlllJthlll •.dc..:[e,\sc net rC\cnue and terl.illlcr use. Flood rctarding structures mitigate revenue 
hl~~t''> \l[lly ,It~htl: and ~l) IllH signtlkantly change effects pmdueed by environmental constraints. 

l'ubh;: PIlII":IC" rcqllHlllg hlwer emsltln rates. reduced fenili/er use, or increased lltver~ity or 
hind llS~ cl1\lld affect rur,]1 re~Olllces and (oud and nber production. Achieving allY of those 
Cll\If\llHlI~lltal d\;1It;!6 ha~ Jccompanying trade-offs in farm inC\'llle. 

KC\\\\lld~ Tradt,·tltfs. b:ollllmk impad. Environmental quality, Small watersheds, Suil loss. 
Fertlh/ccf lIs~. SpaU,11 heterogeneity, ulnd use mi>.:Unear programming. Evaluation, 
h\\trlllllllental constramts. 

August 1976
Washington, D.C. 



CONTENTS 
Page 

HIGHLIGUrS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. i 

( INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 

r rllE tllODEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 

l 
 ENVIRONMENTAL CONSTRAINTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 
I S"l! 1.\1$, . . .. .................................................. 2'r 

F.:rttlllcr ll$~' . . . . . . . . . . . . .. ..................................... 8 


ASSl'MPTlO;\S AND DATA REQUIREr.1Fi\TS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4­

l~.l) ta tit111 ....,..... .•.•... ~ , • . , . . . . . . . • ~ . .. . • • ~ .. • • . • • • .. . • _ • • • ... ;1 


LInd Usc tilt:... ....................•............................. " 3 


Bud!!-~'IS. . . .. ...... ........ ...... ........................... 4 


h:rtlilfer l'~t' .mtl R':SPllll~(, ............ . .. . ........................ . 5 

'del.! l:.stunatlllll ................. . 
 6 


I 

Nct RCV('lIUt' Co::plItatltlll ......... , ................... .........•.. 7 


Un":lllbtraillL'd S\)lutill!l (;\11. I) .. - . . . . .. . .................•........•. - 8 


Lalh1 L'~t;' Cllllstr.linLS . . . . .. . .... , _................ - ............... 22 


SlItil I)SS Cakul;lthlJ1 ....... - . . . . .. ........... .................... 7 

SpatiJIlIctcflll4Cucit) Inti.:" (Sllil . . . . . . . . . . .. ......................... 8 


t , PROl;t{:\:-'l\Il;\(; SQU·TlOr-.;S AND RESn.TS...................... - . . . . . . .. 8 


51111 Los:> (\I[Jstram.:J Sllluthllls tNIIS. 2 anJ J) . . . . . . . . . . . . . . . . .. ........... 10 

!enililcr (\lIlstramed )lllutioIlS (;\f..\~. 4 aIll! 5\ .............................. 12 

Land l)s.:' (\l!Istratrled :'I)iution (Nu. 0). ­ ...•........ " .........•.......... 14 

h~rtth/er and SI)i! I.I.ISS CumbinathlIJ (\)[Jstraitlts (NIh. 7 Jnd l»). . • • . . • • . • • . • • . . • .• 16 

l,;l\\ f·~rtHil'." anJ Llllu be (\lnstrall1eJ Sniutillll (~o. 0) ...................... 17 

E· hlOJ Pr(lt~.:tlOn ClltlSIJl!latioll C'<\l. 10) . . . .. . .....• - . . . . • . . . . . . . . . . • . • .. 18 


OV1RAU Sl:-.l:-'IARY A,\D ANALYSIS. . . .. .. . ...... - ....•........ - .... 20 

S\lil tIl,>, (\lllSttatllb . . . . . . . . . . . .• ................•••............•. 20 

l·t'rllltNI t',.:' ('omtr.lInts. . ............................. - ........... 20 
.. [ 

[ ('omblllatll.1l SlJil Lll~S alltl Fertilll.:r Use COllstrainb. . . . . . . .. ................ 23 


~- C\llllhlllat!l)Jl Lanti alll! Ferulllcr ll~c C:'.'IlstfJlllts . . . . . . . . . . . . . . . . . . . . . . . . . . .. 23 

H,1I1J PlOtcdlll!l ('\lI!SIt!ewtio!l • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 23 


~ APPI:~D[\ . . . . . . . . . . . . . . . . . .. ................................... 25
[ 
[

" 
~-

• A 

• 
• r 

[ 

~ } 

• 
~ 
~ 

~ 

~ 

~ 

http:omblllatll.1l


HIGHLIGHTS 


WItJt ,It I.' till' llllp.ll'b !In fallli i!lcu!!]t.' llf ~ekl!teu 
';\lllstraillt~ that IlllproW tile en virollIllt.'llr' TilL' con· 
~tr,lItlts 'ituLill'd wen' t'llufb tn redul!c soil hIss. l\> redUCt' 
fertiliNt U~l'. anLl t\l llll!rease spatiJI hetewgeneity 
hliwlSir y of lallu use}, Tell llIlear prllgram ~1)IUtillIlS. 
b.l'l'd 011 ihL'sl' thrL't' cOllStralllts (lnd then ~'l!llIbillatiol1$ 
pith .1 n,llld PWIL'l!llull [ador. Wefl' Jevelllpl'J tIl Jepict 
v.l!: 111<'- kveb \)t eIlviWlllllL'lIt,11 L'llh;llIl!el1ll~nt. 

If puhhl' poU..:) lllalldatl'~ ,~uch dJallgl'S. Jar!!l' llll!en· 
(t\t" Ilr S\,'Vcfl' pt.'Il~!ltll'S !\lay be necessary to lllhet COll' 

~t.·<lU<'lh"~~ of letiul!t'll J'arIll11lClllllt.', 
An llIlC(lllstralllt'd '>1)IUtitlll \q~ dcve!\)ped tIl Identit\ 

t!i\,' prllht llla'llIll/lng plltemi,1l Ill' a case study over 
!'.hlll \'l'( I.Hill in .... llllll' cll.Ulgl', fl',ultin!! lllllll t!llvirlltl· 
Hll-'Ill,ll (lll\'itlalllt:\ wt.'rt.' COIllIHltt!d ,lIld ~'l)lllparl'd with 
lith II11Cl'lIstraillt.'d '1)lntlOlI. :\lthll!lgh sllll hISS .;ontrol i:; 
lr~\lt,'d III tili" ~tllJ! a~ a fadll[ CUIlSl(,ll!1ll1g farm 
Ill,'tllll\.', it IS .-I1.';lI t!l.lt Ulh:ht!d.l'd soil los, would JIStl 
III \U' t 1',11111 llI(OIllI.' lIver tllll\.'. rht![l'fllrl.', tllt.' C\I~t of 
"IiVlh1IIl11l'llt.lll:ll11stl.lillh tt.'lIds til bt! overestilllated, 

IhI.' tlll;';lllhttailled "Ilution prlldl:':t'U a total net 
b:\,'U\!t' III '\~>~ J '. IllllUtlll Ilf all aVe[,I~t! <Jf S59.17 per 
pltldudlh' ,h:re', Ill,' land ll~l' nux (I.'sultl!l:! fWIll the 
tll1~"llst(;Il!ll'd ,,11utioll \ Idut.'d J ,pJtial hett!wpenellY 
mdt" (SIII I Of .l->4~35 ,\l111palt.'d to a posslhk maximum 
\,Jlll,' d! -: 1'l1'2.~ Sill 1\ a 111l.'.lS\lr,' \11' tht' uivt!rsity of 
:Il<: ,1!!tl..:tJitural land",'.I!'\.' and rl'ache, ;1 nla:\.imUIll value 
\vtt(tl Ih,' I'hl!'\lftiOIl 111 alll.lIld llSt!S.lft! t!qual. 

Sllll hhS H')W.:tluns had til.; kJst negallYl' impact on 
[,' \'c Illlt' III the tiul'e type!'> 01 ellnstraint~ applit!d. 
R\'stn.:tlll,c .,,111 hl\s tl) Je.:.s thall 10 tOil:; per aCf\~ reuueed 
\tlt.l1 h,l,m ft.·ve!lUt' hI $22,2 milll\ln .•1 Uedint.' (If about q 
P~'l':~IlL Bllt (>[ pt.'rcellt 1)1' the un.:onstr.lineu suil los~ 
Ir,'m d1lltllhmlIlt-' aer.:a~l' (:"(l.2 tuns pt!r <lC:ft!) \vas eIim· 
lIl.lh'.! lh~ II.'WllUI' eO'it III the lO·to11 t:lll1straint was 
.IPI'I\l\.illl,ltl.'l\ 33 I:t.'llts pl'r tOil rl)f the reduced 50illoss. 

.>\ ."·tlllt-l't.'hICH' ~\lll hlS!\ constraint fedul!ed ~\)i1 loss 
Ill< 1'It) pln..:t!tlt and rl'vcnut.' lledined hy I() percent to 
>2U -+ I1UllllllL Thb \\J' elJuivalent to a decline in 
r~'Wllllt.' 111' ;lppw:\imatdJ 45 cents per ton of reducell 
$011 hl'iS 1'l.'r acre. 

Ft.'rtililt'r (eSWeUOlb ft.'dueeti n~t revenue more than 
dId ellll'itralllh Ull soil loss IH land uSe. Restrieting fcrli· 
Iller liSt' til abollt clIrr~nt aVl'rage kvels redUl!cd rMtililer 
U'l' h} ahllllt tlU percent below the income·maxillliling 
11'Vt";, Such ;I fl'StIictlllll reduced lotal rlet rt'wllue by 20 
pef;;t'IH 1\1 S195 miIIl\lIL E,lCh I·pound reduction in 
1~'rtIlll.:r liSt.' [I.')ult~ in a \)":'~nt-per-acre decrease in 
r':WlHlt' Rt'tlU":lllt! fer(i111ef use J[\.;rcases soil loss by 27 
l't.'h'l'llt ttl ,~3 [(, hHl\ pet Jere per ye'lf. 

R""lildlt1~ h'rtililt.'t 1 1 a Ill\\- It!veillf usc had an even 
;!H';ltt.'! Ilt!~atlh' dfe~~t on revenue Total rev~n\lC in tltis 
,"l~t' .IIHntltlll.'d 10 Sl ~5 lilt IIill11 , or 28 percellt helm\' the 
tlIl1.\IIhllJlIlt'd .:,\se til.;!l ) ·pnund [edllt'lion 1[1 ft!rtiiiler 
h'~tlltt"! 111 ,I 1\1 '·.... t'Ht·per·al're decrease 1I1 revenue. son 
I...,,, \\a\ lI1-:rc;I\~~d III 34, I ~ 1011'1 pcr ,lcre per year­

ii 

Cnnstraints Oil the land use were designed to maxi­
mil!) the sm. As in tIle other cases. when a constraint 
was illlpost.'untl the system, net revenue suffe(!)d. Total 
ba~ill rt!wuue fell hy 17 pereent to S20,l million. Soil 
loss was also reducell by 1t) percellt and fertilizer use 
deereased 33 pereent. The SIll rllse hl 2.00158. 

ApplYlIlg constrainb in combiIlatioIl imposes a more 
ft!strictlve set or cllnurtiuns. Sillluitant!olls restrictions on 
both t'errili/et trst! and soillo~s reduced revenue substan· 
tially lI1ort.' than Wh~Il either variablt.' was eonstrained 
illllividually, llllwev~r. tlw r~duGtioll in rcv~nllt! rwm a 
si1l1\lltaneou~ cOlll!linatillll ~)r constraints was It!ss than 
the SlIlIl (11' tcvenul' reduelions resulting from separate 
eOllstraints. 

A eom\1ln;ttioll of a fertililer eonstraint with a 
r('suictilll1 on the land ust! mix also reuuced net revenue 
wInk sllillosse~ 1t!l1laint!d high. This eOlllbination of eon· 
~trailJts tended to equalile land tlse and the SHI in· 
crt.'a~ed to 2,l)5448. This indicated thaI reduced ferti· 
Iller use was eompll'lllentary with a reslril!lion on land 
lI~l' in changing the cropping pattern, The SUI for this 
solution was higher than when the land use mix was 
constmmeJ by itsel1' because reduced fertililer usage 
loret!(\ a more equal distribution or aeres among corn, ~ 
liorghlllll. and soybt!ans. . 

The l!ombination of a low fertililer eonstraint with 
a S·ton·per·acre soil loss constraint was the most restric­
tive case studied. Total rewnue for the basin amounted 
to only S lJ.3() million. This was J decrease of over 45 
pereent from the revenue obtained under unconstrained .~ 
conditions, Average revenue per acre was 537.65. The 
SHl was Us9314. relatively higll when compared to 
other slliulillns. 

The last case studied added a partial nood proteGlion 
program, that IS, floodwater·retarding structures, to the ~ 
low fertililer and 5-ton·per·acre soil loss solution. The 
addition of a partial !lood prolection program to the .--i 

tight environmental constraints mitigated revenue losses ~ 
slightly. Total revenue amounted to S13.43 million or 
an average of $37.98 per acre. Fertilizer usc and soil .~ 
losses remained almost identical to those obtained with- . 
~)ut the 1l0od control program. Even though the SHI of ~ 
1.89856 showed marginal improvement, the addition of 
tht! structures pfotlueed no real discernible change in .. 
land lIse, III general, tight environmental constraints .. 
had rather large negative consequences, but the addition 
of 1100d pfllleclion did not provide any significant ,. 
ehange in the effects of these constraints. ~ 

iYlore alternatives need to be explored to fully assess 
the various interdependendes that take place between 4 

dirferent env.ironmcntal \)bjeclivcs. In SUIll. this analysis j 
provides some evidence that achievement of lower "'III 

eroSloll rates, (edUced fertilil.er usc. and/or increased J 

diversity of land use would involve signil1cant reductions 
III ne( farm income. ~ 

http:fertilil.er


TRADE-OFFS BETWEEN fARM INCOME AND SELECTED 

ENVIRONMENTAL INDICATORS 


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

James AilS']! 

"'[griclIltltrtll 1: COil, 'mist 

INTRODUCTION 

W,ltt'l ;md rd.lted [;Ilhl [ ...."H\f~t: d,'\eitl['lll .... nt !,l\ll~':ts 
su.:b as n,'\lJ -:,lIItwl. Htll:"atllltl. ,If Jr.!l11dgL' \\or],.s have 
\blt.lll~ Ill'L'll lilsut!L'.! ,HI the i.MSIS III e(llllllllll': <!fri· 
(It'Il'':~ \I'llt' I <.'(L'llt!\ , tit,> Al1IL'lh.•1ll l'ubltc hdS be~Jl 
pt6~tII;'. dL'\\.·[')lllllL'UI PIll!!l,lI11 .1~t.·llCl~~ fill J hldJd~ll~d 
(Oll,ld.... l,lthlll ,11 tIll.' h~ndl(I.11 alld ,Ilh~l\~ L'ft~(b of 
[,"')Uht' Jl'\d,)pmL'llt 

In H"l'lllhllll);! tIl tl'lt',,' !,I,·s~urt". thL' \V.lt~r RL'~\lII[(L'S 
("IUlI":l!. .;')t1ll'(lSL'd ,If [L'l.kr,Jl .1~t'lI(k~ wuh [.... ,p\lIl~lbill· 
t\I,'S III JL'\L'I"llltl;! ll.lt<lt.ll IL'~\lllf(L'S, has spe.:ifiL'u d 

'" IlUtlth1b}L'':Uh' .IPl'l,'a.;h til "\.!lU;\l!llll ,)1' dL'\doPlllL'Ilt 
Ill' l'tI'lL'\.'b' Jhis mulH·l,lhlL'.:IIVL' approac'h j!ives equJI 

~ \\el;1ht til lIati.l11al t'(,llhl,1ll-: d~wlupll\L'llt lilt! ellVInJl)­
melltJ! qUJhtj .1, 'lbjt',;tlw~ 

~ r~btt't! lanJ r61Iur(6, Pub\tc 
~ re~llur(l' ,.k',dllpllh.'nt pWJt''':b 

lllll','rlall~l' ,It l'IlVU,mI1WIlt,11 

~ \1(\)C':Uh' 

\11 plannill!! water and 
Involvement III wat~r 
h.l' ab,1 in..:rea~ed the 
qllabty a~ a 1'1.1lI11111~ 

~ Pfl:'~urL" t," p!"~L'rv.: "f t'nilan.:t' t'lIylfOlllllelltal \',11uL's 

1ll tI.'\tllHt;l' plan1l!llg \\ill PllljJ,lhh 11I(()IIS1I'y. Thclt'!'O!l', 
~ \I IS 1'':';<.'S,.l!\ t" •.k\(~lclp IIltl'rmatl\ln litH l'nl~ \'11 

Slll1<,'t\', t'1I\ll,'nm\~I\(.\i )!oab but ab" IHI the tlppl1r­
~ llmll~ (,Ish Itil,' \\ 1'," .111.1 ,11l1l 1 Ullt> ,If ,'(\llhlll1l( <"lHlds 

\\ Ih'r R,',,'ur,,', {',·undl. "\\.tt,'r ,lilt! Rc:1Jlc:d I and Rt.> 
r \I'll •• t·, J '1.IJ'h,hHII'nt "t PlIPt:ll'k.; .\1111 St.lIHI.ml.. lor Pi.JJl. 

!lIlL'," I <7\kn! Ik':l\h'r. \,,1. .~X. >"", 174. P.lrt 111. \(nllll.lY. 
.. Sq'!. IIt, !'J' '. \\ ,1,11In"">!l. n.t .. pp, 24 'X 1.24 7:-P 

,. 

that must be fort'gonc) in achiL'vlng thesc goals. Such 
inl~mllati\ln should .;nntribute to the information base 
~1Il which j!\)wfIlmcnt decisions regardIng tht! usc, man­
.lgc!Ilcnt. and dt'velopmcnt of natural reSOUf.:es can be 
made. 

This researdl does not endorse any spccillc evalua­
tioll te-:hnique Illlf does it prcsent a bettL'r method for 
planning and evaluation. Tbe prillcipal objectivl' of tbis 
study is to formUlate a lJIl't/Jodology [or itiellti[yil/g a/ld 
,wt1lyzillg SOIlll' o[ tbe trade·offs betweell fiJ/'l/l ii/come 
tJlld v'lrious el/virolll/lelltal quality indicators. 

This study was aimcd toward investigating ways in 
which government policies and controls can be directed 
m formula tell to a.:hiew desired social objcctivcs of 
environmental improvcment through the USc and man· 
dtxefllent or natural resources. lk(ause local and national 
CllllCertb about ellvirolllllcntal quality havc resulted in 
tilL' establishmcnt of ne\v puhlic programs alltl reoricn­
tallon of t':o.isting lllles. more information is ncedcd in 
order tIl bL'ttef undcrstand the possible eCllnomic im· 
pacl Ill' these changes. 

Thi~ "tudy \Va;" limited to agricultural uctivities eYen 
though 011Viflll1lllental dcgradation in rllral area!> is lIot 
eallSL'd by agriculture alolle. This rescarch sheds SllmC 

hght Oil the p[l)hlL'l1l or prewllting further cnviron· 
llleJ\lal ue\.\ladalioll and how actIons aimcd lit ameliora­
ting this p~oblelll mteract with other USDA respoll$lbili­
Lit'~ of l1laintuliling rllrul inCOlllL' <llld employmcnt nlong 
With assllflllg an adequatc food. fecd, and fiber supply. 

http:nllll.lY
http:St.lIHI.ml
http:ll.lt<lt.ll
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THE MODEL' 


A trade-off is the exchange of csti!llntetl benet1ts and 
costs resulting from alternative plans of actilHI. Altcl'na­
tive plans of action considered in this study were 
designed to have varying degrees of increased farm 
lIlCllme antl environmental quality as their objective. 
En."lronmental quality benefits were not handled explic· 
itly in the lllodeL they wefe assumed w be equal to the 
changes in fafm income resulting from impnsltioll or 
envimnrnental constraints. Only income trJde-t)rf~ were 
Cll!lsidefed. The distributioll or these trade-ufls among 
farmers and various inCtll1le groups is also important but 
was Jl\lt ct)llsidefed III the Illodel. 

A lined! pm!l-G\mmlllg Illtlde! was developed a~ the 
most feasibll' method fllr evaluating the varwu~ altern;!· 
tl\'e~. WIth Imear programming analysis. eCtllhllniL' 

alternatives L';tn he evah!a te,1 as various trdditlonal anti 
envuollmental tlutpub Jfl' pwvided. Aistl. the hne~lr pro­
grdll1lll111g sy-;(em can be eOllstl tlCled to lakt! intll 
.tL'L'tHlIlt qualit) as well ,lS quantity Cl1l1slJeratl\111s. 

b;nlhHnic et'fi":leIlCy was retallled as the major llhjel'­
uw nl Slh:iety. Pltll'it mClximilatloll \vas used as its 
measure, Till' sek'cted ellvHonlllental conSlrdints pro­
,luct;'tl ':h,lIlgl'~ ill the revenue generated. 

rile enviwllllleutal IUledr progrJlllming model used 
Itt'fl' in-:tlrpllfatt:\ Sllllle features of the CelleraIlled Agn· 
cultural l'rlldu..:lion :\nalytical System (CAPAS) and the 
Ftlrest Rangl' Lnviwllmental Productilll1 AnalyticJI 
SY~h'/ll I FREPASJ, 11,)(h Jevcloped 1Il preVWllS US])A 

'Ill! .\ nlt'r,' d~t.lih:,l <"l'l.Uhlttllll n( the Illodel. sec the 
.lPPl'mli \. 

studies.' I3rietly, tile model is a matrix uf land usc, 
input-output coefl1cients, and dell1anJ. equations. The 
system uses linear programming mathematics to maxi­
mil:e profits by cumbining soils and crop possibilities in 
the most emdent manner. In practice. constraints, 
watershed subdivision, sui! re~ource grllups. Cllnserva· 
(ion practices. fertilizer rows. suil loss rows, antl land 
usc rows complicate the system, 

While the Illodel uses linear programming as a tool 
ill performing analysis and evaluatiun, the model is 
better understootl if it is described as a compuleriled 
resource inventory with controls to limit thc choices or 
crops to levels within reasonable physical. cultural, and 
sodal limits. Its use is to simulate and mcasure the 
c/tallge in resource lise and output that results from 
dwnging assumptiolls. technical coerricients. tlemands, 
and other parameters. This model is pourly suited to 
repmduce reality by reflecting edch and ever~ variable 
afft!ding currl!nt land usc. The system can best be 
described as a set of rl'latiollslIips whidt show direc­
till!l and magnitude of relative reactions to alternative 
aS~\lI11ptil.lns. 'I'll(' system is well suited tl.l analyze 
changes in lantl resource usc unu the resulting prodnc­
thlll effects on agricult nrc. 

'Sec. respectively, ,\[d>'1On.:11 Automation Co" Gt'lIl'rali;cd 
AwiCIIltllral Productioll AllolYtical S)'Stl!l1I for the C.S, Dept. 
A!,!r" ~1,IY 1968, rC'1sed Dec, 1969, and Kenneth DeBow..:r, 
Ronald Lockard ct ai, For('st Ral/ge /:'nl'irul/lIlclltal Production 
S.1'sl<'In: A COII/plita Syst('/Il Del'dopcd jiJr Forest Range Task 
Force. J:nrcst Service, l'.S. Dept. Agr .• Lincoln, Ncb .. June 1971. 

ENVIRONMENTAL CONSTRAINTS 


A l'dse stud~ apPfIlach was used ttl test our genera!­
!led cnn':t'pLua! fr.lllll'work_ A sIllall river basin sub­
JtVIded inhl seWIl wJtl'rsheds was selected hl provide 
tilt' Ilt.'e·kd fl,l)l, (btd hlr this tt.'st:' Three e!1VHtlllHlelltal 
-:\llbtrainls w~r'-' seb:te,l Sllil loss, fertililer usc, :lI1d 
sp.ltt,ll hel~'r'lt!t'lleit) III land ust' mi\.. 

SOIL LOSS 

St.'tinllelll l'I'J,kd lIlat\~nal dep\l~itetl in water bodlt.'~ 
,111.1 "lnk,1 h~ \V,lter nl.l~ he the most extenslW water 
l',lllll{,ItH I-.nCl\\.ll Wdtl~r qUJhty l~ impaired by sedimcnt 
be"Ill\<' It prc1vhks thl' bllll<l!!I(',d anti phy~kal 1l1~'.:hall-

• Ill,' tlh'! jl,t\m " ,lrllldlll,,1 I" ,tHud. ill1prllp~r ,',lllll';nl\cl!lS 
\'\~[\\"':l' JdtlJl ~\)n.Jithllh ;lnd pfll~r,lm1ll.:d nptiltl,\, The S,'WIl 

sll!'\\,t!,'nl!,'us ,Itt' ll\.lr,\!,,;:k tim!>; It,'f.'aller rl.'krr.'d Il> sunpl\' 
,\\ \\,Ih'!sit.:,l\ 

ism through which a variety of pollution processe:. take 
place, It is atS\l a transportation system for other pollu­
tams, Control llf erosion or soil loss. theret~)re, was 
selected as an indicator of environmental improvement. 

Constraining sllilloss for environmental reasons is not 
a new idea. Environmental argumcnts have been used in 
the justification of Federal programs I'm IllilllY years. 
However, in recent years. because Ill' the greater aware­
ness of environmental problems, a new ell1phasi~ is being 
placetl on the reduction of ~llil loss. There arC proposals 
calling for a sediment control tlct which would install 
controls over nonagricultural.land-dbturbing activities,' 
Soil conservalh)J\ districb are being forcetl to 1111 the 
need ftH some form of regulatory authority in control­
Iinp.agricuItural sedilllt:llt. L.aws have been enacted to 

S Council on I-nvironlllcntal !Juality, TIl!' President's HIlI'i· 
mlllJ/t'lItal Pmgram, PI'. 15-3H. :jnd the President's Me~sa!!c ,111 
th~' t- JlvironlTlent, l'eb, 8, 1972. 
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stl~n~tht:!l Statl." I."ltl~lllll c\11Iool plllgr,nllS. COllSl."n;}· 
tiun tilstrlcts arc required to establ1sh soil luss limits 
;lnd plt\~td.: hll th':ll 1l11I'I.:m.:llt;ltiol1. Landowner'. 
\\IHlld lw ll',tuired tIl .:mplllj t'f,ISl\l1l (lllltnJI !l1;,h:tl.:.:S 

pr"vtdl.",! ,w,t·~h,lllll~ fund, .1It: avallabh.: ~qllal tIl ~s 

pt~lt'l."llt ,It tltl' ell)!." 

FERTILIZER USE 

h~lllIV"t tbl' was ills" ~.:k\.·ted a~ all inlikatur 01 
1."11 v1I"ll IUl'1ltal 'llI.lllty . ~l,lll\ .:onlend that lll~h ll'\l!is 

Ill' Il!rtlli/el l!\l' bj a;!tlcultllr.. mak..' a ttlalllf (onlllhu· 
thlll 1\1 tht' p\ll1UtHlll an,l l'utwplu.:ati,'ll llf watcr 
ihldll'~ Pl\ll~pllllnh IS llsually ':tlll~llh.:led thl." sil!nifi· 
c.m! ek'Illl'1I1 III thl' prl).:e~s ,If iakl! .:utnlpllleatiull, 
B.:.:,Hht' ul tilt' p\l11utillll p'lteIltIal l)f ph\lsphate~. 
~l'v':l,ll St,II,', haH' l'n.lcl.:d Il'gl,!atl,lll tIl (urh \If ball till' 
\IW III plt,'sph.lt.:\ 1Il ,ktl."lg.:nb. all a.:tlllll pIlll1anly 
all'Il"! ,It It--. urb,lll liS,', AitlWlll;!h Ilt l ;I.:-tl\l11 has bt!':l1 
t;lk\~(l t,l I.:~tnd ,lgnl.'ultur,11 llW of plt\JsphIHUS. :..lI-:h 
1';'Ul..:1I,)I1" (,)tlld hl' 1ll1!"'Sl'11. 

~ltl\';::l'lL tit\., 1'11111.'11',11 ,lgn.:uit ural Tlutn.:l\t. l~ abo 
J Plltt'lItI,li i',I!lUtt'! of 'IIrl;I.:t! \\rater ant! gl\lund\\atcr, 
\\!til tli,' ':lllltmuct! al1tl filpidl y ilh;r~aSHlf. 1I~': llt all 
pl.tIlt 11Iltn;.'llh. .:sp.:dall~ tllt wg.: 11 , Il:>rulil.:r will 
hk.:h ht'(llllll'.1 ;!r':atl'I \\ate[ l'0lluthlll Llct\H. 

lk,',llh': ,It tIll' bllliogt.:al .:I\;t!lg.:s and itlS:" \11 esthetll: 
\alu.:~ ,1S~\ld,It.:\1 with l.'Ut[llpiuc,\tioll hwught ahout hy 
IlllPI"lwl ,II .,,,,'lth,· III l':Itthh'r. llhlfe reslrtdive limits 
lll.l\ hI.' IIllp,)\,,,l \111 lell1li/el us,' III agriculture, Tite 
.:mlt'llt -;lll1!l.1,:!t' ,1\ Ihltmal g,l~ ha~ abl\ ..:reatl!d eun­
':':11l ,It',lIlt tilt! ,n.lllJhility Ill' nitr\ll;!.:n 1'.: (tiI1lt!( , ant! 
(lnlld h.-.ld tIl f,'\!lIdt',i h.'rtlllle[ !IW, 

LAND USE ;\tlX 

nil." thud .:nHll l lllll.:nt,t1 (l1nSLraint utih/t!u 111 this 
,tthl~ attl."mpb tt, l)'lll,lllle lal1d USI.', Th.: re~ults of 
tl\l~ Llltlstr.llllt Jll' tlleJ~ll1.:d by means III a spatial 
h~tcl\l!!l."lIt'lt\ uHk', (SIlll, ,I llle,lsur.: lll' the evcnnt!ss of 
a...:r.:ac:e I.llstubuli,lll Jlllollt! sele.:tetlland us.:s. Thb; type 
tJl ~tHhtrall\l b ba~.:d ,Ill tltt' iu.:a that diverse crop pat· 
teflh .He' 1I1\Ht' ,,~th.:t!(ally plcaSlll~ anu le~s t!cologlcally 
11.1/.\,,;'1\1:\ th..!ll <lIt' \lIl)!k lbC pwuuctiOll patterns. 

lk,;IUSI." elt tilt' ~i\lhjt!.:tiw nature nf esthetic pleasurt! 
..Ill ,I V1sll.l1 i1':,llll}. tilt' measu[t!ll1cnt uf quality differ· 
cn,6 1'1"'~t'l1h Ill,Lltl[ ulfCI(ultles.a It has bt!en argued 

"t fl1l' ;;' 1.l'l"lI, \d~ \11 th,' MIlt {;e!1eral Assembly of 
!ll\\a. I \1 S\.'\~ll'll. 

1"1 !U!lh.cr Jh,u~SIi\n ,It IInpam'd \vater <lualit~ by !crtil~ 
II<'r. ".'1' k·l.ai:;,',<;! I'r,:.'/I<t~ 011,1 II'llter {luol!tl' , cd. by Ted L 
\~lllndl ,HId [,\',11,:,' I Smith. h.\\.\ SIJte liniv. Press, All1l!~. 
11)'1' 

'On, 1'1'1\.'H·, t"tll"l"· CnlllYlllcnt \If an area. 111,1)' be ;\lid 

"11,'11 " \<,1\ .lttk[<'1H '[,'in IIt.- 1Il'\! lIUH\ldu;ll'~, rhi~ is tint of 
tlll' m,ll,'r "'<17,,', "~ ,'n~W'!\H\l.'ll!,11 qUJ!It\ \,','nlro\ersy. 

tlial lalldscape divl![sity. e~)ntall1ing dil'ft!r.:nt primary 
ll:"':~. pruvlI.!es llot on!) sltuatlOllS of ulterest and 
plca~llft' bllt in fact is important to human wt!ll·being.9 

Despite theoretical lind pral.'tkal problems associated 
\vlth quantifying .:sthctic values, the Water Resources 
Council, in their "Principles and Standards", recom­
mends "protection, enhancement or creation of aes· 
thetic areas" as one of four general classifications to 
b.: ll~ed ill understanding and interpreting environmental 
ctleets.' n It is alsl) rt!coll11l1t!nded that the measurement 
of csthetic areas be made llot only with respect to sile, 
but ab~, with respt!ct to its distributiun and location. 
There fore. for th.: purposes of this study, we will 
acc.:pl that diverse crop patterns are more esthetically 
plea~illg than ll1onoculture would be. The SIll developed 
st!r\cs as a measure of the proportional mi:-.. ofland use. 

Dcvelopment of tht! land usc constraint is also bac':!d 
1m tit.: ecolugical hazard or llIonoculture. Sume eculo­
gists and eonservalionists maintain that mOlloculture is 
like a time bomb·,althollgh it is used to make a profit, it 
..:arIies within it the ingredient6 for disasters." The 
rationale is that cultivated plants arl! biological weaklings 
and that IlIonoculture exposes these plants to concen· 
trated attacks by insects and disease organisms. Such 
atta.:ks arc counte(t!d by massive use of insC!cticides, and 
so on, wltich further aggravates the problem by elimina­
ting the 'nalural predatory insects. birds. and other 
speeics necessary or beneficial to crop production. 

Other factors associated with monoculturc include 
ll) iuercas.:d agricultural pollution from pesticides, ferti­
lil:er. soil erosion. and animal wastes; (2) high energy 
.:onsulllpti~)Il; (3) increased farm mechanization; 
(4) reduction in wildlife and plant species diversity: 
(5) increased dependency of farmers on a few commodi­
ties; (6) greater physical separation of production and 
consumptioll; and (7) reduced flexibility of farm opera· 
tors 1O shift production between commodities in 
response to changing market demands.' 2 

Imposition of a land mix constraint, then, does have 
eeOl1Olllic implications for agriculture, The imposition of 
soil and fertili.wr constraints also has the effect of 
chanCing the mix of land use by restricting croPP;lIg 

• Set: Charles C. Johnson, "Endronmcnt: Thc Health Per­
spective," talk at the 1970 National Agricultural Outlook Con· 
ference, C.S, Dept. Agr., Econ. Res. Serv" Feb. 17, 1970, 
Washington, D,C".; and Sigurd F, Olson, "Our Nee!! of Breathing 
Space," Perspecti~'es 011 COllsen'arion, ed. by Henry J<ur~tt, 
publhlwd for Resources for the Future, Inc. by the Johns Hop­
kins Press, Baltimore, 1969. 

'OW,lter Resources Council, pro 24809-24816 (see footnote 
I). 

1 'ror imtance, scc Frank Graham, Jr., Sil/ce Silellt Sprillg, 
!;tWtctt Publications, Inc" Greenwich, Conn., J970, Chap. 19. 

1 21'M a morl! detailed e'tamination of the problems associ· 
ated with ll1onoculturc se~ U.S. Department of AgricultUre, 
,IJOlluClIllllrt' ill Agricu!twe: E.xtem. Causes, and Prob/ellls ­
Rt'{1orr 0./ (lie Task Force all Spalial Heterogeneity in ,1griclI/' 
tura/l.andscapes alld Enterprises, Oct. 1973. 
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patterns, The SHl IllC3SUrl'S the extent tl! thl'~l' -=hallgcs. other tlil"!'ieulties. Though this stutly analy les the eovi· 
Several other types Ill' -:l111slmiI1ts lleJllll~ ,\-itll fl'CreJ­ rollmetllal ,,:ollstraillls separately and ill combinations, 

tion, cmployment, I1sh, wildlife, sedllllent ) letd, ~tonn there an: dose interrelationships among the constraints. 
runoff, and pestll:ldeSIH)[C cOllsidered lllf mclusloll HI Signitkance of tlwse illterrehlttOIlslllps and how tltey 
this stutly but wert! rcje..:tetl because ut a lad" 11111.lt,I Of allect the analysis will be pllin ted out where possible. 

ASSUMPTIONS AND DATA REQUiREMENTS 

BUDGETS 

('rup butlgeb were used tll pLllvtde re\:cnue Jata 
rcqlllred by the model. The budgets include lllll) ,alia­
ble CO$ts. No overhead ,mJ thell ellst:. ale mduded. 
Budget COIllput;ilion WJ~ perfllfll1t:li U~IIIg. se\"t~ral 
see\mdary datil S\lun::es." :\ :,cpar<ltc budget was ':Illtl­

puted for each of rlIne baSIL' ..:mps cllrn. sorghuIll. ~tly­
beans, continuous winter wheat. wint~'r wheat Oil 1'al\o\\, 
corn sila~e, oats, alfalfa. and tame hay. Rt\l,lthlll budger:, 
\vere cllmputed by combi!1111g the ha~k (t\lp buug.els ill 
the proper pn1pllrtilll1. (lSI.' llf fOUl fertilIter It'vels abll 
required a separate budget for each terttltler level llf 
e,l~h ~fl)p. 

The mam budget was SUbdiVIded hit\.) t\Hl m<lj\.lf eate­
~Ilnes preharwst and hancest costs. nle~L' two eosb 
werc further broKen dnwn into majot -=,)lllpllnent costs. 
Not all C\.lsts werc changed in the prcilacvcst group wlten 
the rertililer level was varied. TillS assumption lacks 
realism, but .::crtam amo\llH:; of realt~m had to be st\.::ri· 
nced due to tlIlle restnctitlllS and laCK of data. Prchanest 
.::osts were based on typi~al avcrage cost unu yield situa· 
tlons for the gener'll area of study, Harvest ..:osts werc 
based on a thed yield level. 

Two additional costs werc eOl11puted to add tlexi­
hility and fealism to the basic budgets. One of these was 
called variable harvest costs. These arc Ilot varillble 

, 1 Prime soun:es 11f infl1rma (ion include: II Tlhlmils A. 
Miller. Sl!Iecred C.S. Crop BudKt!tS. Yields. Inputs, alld ,'ariable 
Costs, Vol. Ill, (jreat Plains Region, l'.S. Dept. AgI .. h;ol1. Res. 
Sery., ERS-459, Washington, D.C, Apr. 1971; ],) D. B. Ibach Jlld 
J. R. Adams, emp neld RespcnIses to Ferrili:l'r ill the United 
States, V.S. Pept. Age, Econ. Res. Sen'. and Stat. Rptg. Serv., 
St:lt. Hull. 431. \Va3hington, D.C., Aug. 1968; 3) ERS Staff 
Wllddng Papers, Budgets for Comprehensive '\lIssouri Riwr 
[klsin Study, Mimco, U.S. Dept. AgIo, I·. co 11. Res. Servo files, 
Lincoln, Ncb.: 4) (;lel1J1 A. Helmers, OIcl1ll J. Vollmar, and 
Melvin D. Fmm, Wheat Productioll Costs je)r SO/ftlllvest('T/I, 
South Central and f:'astem Nebraska und Re/ar<'d implicatioHS
It)r Scwtheastem Nebraska, Oniv. of Neb., College 01 Agr., Agr. 
Exp. Sta .• Stat. Bull. 514. Jan. t971; 5) (jary Jll[lll~t\lll and 
A. W. Fpp, COSTS 11/111 Returtls for SOI·bealls, C'on!. (;raill Sor· 
.dllllll alld Wheat ill tostefll l111d Central Nebraska . ..t l'rdilllilltlrl' 
Rl'pOrl. Munen, Dept. \1f Agr. Fcon., lTniv. of Ncb.;6l Rodney L. 
WalkN al1d D.1.rret D. Kletke. Tile Ap[I/i"atioll un" CSt' oJ the 
Ol;lahoma Sfatl' blil'crsity Crop ami l.h'cstat'k Hudgt't (;('1/. 

erafvr, OkIO.1. Stilte (lillY., Allr. ['''p. Stu., Re\. Rpt. P·66J. July 

harvest costs in a strict e':llnotllic scnsc but harvest ..:ost5 
that var} be.:ause of yield t1iITeren..:es. Thcse costs were 
posltivc Of negative depending upon yields abo\'(! ll[ 
beltl\\' a I1xed base. 

The sec~lnd auuitional ~ost Juded i\.l cadI bask pro· 
dU":llllll bltd~et waS titled soH reSllU[Ce group tSRG)' q 

t\il'fercnlia\ costs. SIZG dilTcrelltial eos\:; reneet those 
costs dll'~ to the increased power antilabor requirements 
inctlrreJ in cultivating land \vith heavy soils or steep 
Sltlpes. In addition to costs associated with soil texture 
and slope, there arc costs llf maintaining soil conserving 
mecitanh:ul practices, drainagc systems. and llther spedal 
requirements on steeper shlpes. The SRGs wefe grouped 
into five categories for the c\ll11putatioll of these differ­
ential protludill!1 CllstS. The criteria used in placing an 
SRG within a particular category were soil texture, 
degree or slope, and the U~e of conservation or non­
conservation practkes. A constant cost·increasing faetor 
was assodated with each category whi..:h was appbed to 
the labor and lion-labor components of the operational 
segments of the bal,ic pfoduction costs. In addition, a 
flat charge was added to cover maintenance costs of 
mechanical practices required to conserve or drain land 
in a manner which maintains thc quality of the resource, 

In addition to thc basic budget material calculated COf 
each crop and rotation described above. variable yields, 
and harvest and drying costs wcrc calculated for each 
crop and rotation for each SRG. 

ROTATION 

While 17 cropping enterprises were incorporated in 
the linear programming proced ure, only 14 can be con­
sitlered basic to the system. The three additional land 

14 Soil resource groups (SRG) arc defined as "a grouping of 
land capability units, or soiL~, that have similar cropping pat· 
t\!!JIS, yield characteristics, response ((1 fertilizer, management, 
amI treatment measures." ('\IiSS(1uri l3a5in lnter-Agcncy Com­
mit t.;c. TilL' Missouri Rirer Basill Comprellellsh·t' Framework 
Study, aPP"ndix; Land Resource Availability, Vol. 6, Washing­
ton, D.C .. Dcc. 1971, p. ],9.1 This classification transcends land 
resource rel!iQn~, land resourcr areas, and political jurisdictions 
since SRG s were designed to adapt soil inventory data to river 
b.lsin boundaries. For a dcs.:riptilltl or SRGs llsed in this study, 
sec appcndi\. t<lhlc 2. ,. 
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uses wert) pasture aod range, Cl.Hest, and '\lther" land.' 5 

These land uses du llot have any specIlk budget:. asso­
ciated with them bel:ause of inadequate data. rherdllfe, 
these lalld uses ace not permitted to t1w.:tuate freely 
witlun the system. A minimum acceage based upon 
current usage was as~iglled to eac:h of these three laml 
lIses. Whell C:lll1straints are placed upon the sy~telll, Jcre­
age is all~I\H!d to shin lnt~) these land cate!:t\lrie~ \l;ltll a 
lew lIet retuw. As a r~':;\JII, the minimuJll acreelg,e III 

each usa!:!e is maintalIled lInkss tither crop t'llterpme 
systems $hllW a negative llet return Of othef cun~tcatnb 
ftlfCe land intI) tllt'~e lI~t'S. Thc thn!c nunhudgcll.:"l USt'S 
do have soil hlSSCS aS~llclatl1d with thclll. Ihl\\t'ver. 
Thl1[t.'fnre, Wllle costs arc .lssodatl'd \vith the elltran..:e 
of thl'se land uses Illtll the sl~telll. 

Omi~sion \)1' hudgl't~ and the ICl\uHl'l11ent of a milll­
mum aCreel!ll' fur the t!tlee Illlllhudgt'teu I.Hld U~t'S 
llisturt the ~llllltlllll', S(IIIlt'witat SJnCL' the ~llSts. 111 telluS 
of sot! h\\~. are cntt'reu illt(l the t'yahhltl\l11 whiit' leturns 
(Irl' omttt~d. It is helincd, hllwever. that this \lll1b~lOll 
itHt\ldu~~'s eI reelstll1ablt' dq!rt'1.' of n'elh~1l1 lilt,) titt' 
rt'sultlll)! s\l!uthHlS wltlwut ,1PPIL'~hlhly dbtt\rtlllg tht' 
result:.. All thrce 01 tile)t' 1,1Ilt! \I~t'S llsu,JlI~ !'Wllllc.'l' 
tlllI1imUlll aUh.lllllts Ill' S\I[\ In:>s: (hert'f\lfl'. the ~\Isb 
aS$t1C1Jtc,! with th~'se uses ,lit' Ilegligiblt'. The ll~U,11 
reel::iO!lS \\ hy j,IllJ \, Jt'Hltt'd ttl tht'~e \I$t\$ are clthcr 
bC~JllSl' of (hl' phySJ..:,l! hUlltatillll$ ur the aS~ll..:tateJ 
soib steep sillpe~. rod,s, and S\\ellllpS tlf hec.'elust' ,lltt'f' 
lIati'vt' ust'~ alt.' rhlt feaslhit' T\l,nb. dltLilCS. ,Inu f,trIn 
h'llhllllg :.Ite:-.. AIl'Jwing the~e Ielnd USCs tIl ht' t!c\nted 
tIl (fOP pwdu.:twn. espt'dally UUUl'f the \llldHlstra!I1t'd 
SO(lltiull. \v\1uhl ,ll~(l tl'nd ttl 111l1\ldu.:c unrt'ahstl~· .IIS­
tllrtHI[lS IIUl) tlUt ,',aluatloll. T!te!l'fluc. it was dC<:lded 
that unpt1~llIg tltt' lequi[I'llWnts of eI llllnillllllll ,ILfCJgt' 
based upon ~urrent usage was the most realistic asslImp­
til)Il tu make. 

rile J.t. hJ'ik cfllppmg I'nt~'IPrt)C'i Jrt' wtattllIl 
S}stt'llh windt ,lfe ':1l11lpn~t'd llf nillL' indiVIdual ':[Ops. 
Rl)IJtilllls \vt'fe lI'ieo to pl\lVlde a llhl[e rcalistl': des.:rip­
ttOIl Ill' the farming t'llterpnst' system. The limitatlllil of 
tIll' ~ystem til ,[ cIlJlSiderelthm \If unly 14 rotations and 
nUll' bJ~Il: (rllpS wa~ IllaUI' hI simplify the analysb. Othcl 
CHIpS ,tft' ;;wwn in chI.' .Hea, but they arlo' or Illllior lin­
porCellll:l'. RI)t.ltilltlS :,.)Ic..:leu Me believed t\l be those 
most ':11H11U111l1y u~ed \\ ithin tht' fegi\ln Tht' 14 rota­
tlllt1:> plus the three notlbud~cted Ust'~ ( 15, 1 (), and 1"') 
induueu in thl~ ell1alysl:> \\L'rt'. 

I (\mtinu\lus ':\)(U 

" ('nil tlllll(l\l~ mill! 

3 r:o.IO! 

4 CMCB 
:\ CBCB 

I '''Oth~r'' tan,j r,'f~r' II' a'fe.WI' ,11 nnn.reliefal rufJlland~ 
which ,LIC nut da~Sltll~d ,·[,'plal\u. 1';I~lurl'. r.tnt~l" or fOlt'~II.ll\ll. 
11 induu<'s tarm~tc.llh. farm r,);Hh, len~l'\, \~llldbrl\lk~, rur.J1 

... nonfa.rlll tesllhlll.:e ... iml'~tllltlnt 11,1.:tS. ,wl! mnilJf 11';\',. 

(1 ~mM13 where; (' == C0C11 .., 
f WBees M :::; milo 
K W(,CF 13 :::; soybeans 
l) WMMF W= wheat 

10 COAAA Cs :::; corn silage 
II MOAAA F = fallow 
12 MOIIlIlI 0 :::; oats 
13 CllntinllOll!) alralr:l A :::; alfalfa 
14- Tame hay H -- tame hay 
I:; Pasture and Range 
I() Forest 
17 "Othor" 

One unrealistk aspect \If the enterprise systems used 
ill tlth study is the lack of liVt'st\lek blldgolS. Although 
livest\lcK IS important in the general farming aroa anal­
Ylcd, OUr primary intorest was with lanu usc. Exclusion 
nf liVt'stod.. from the analysis did not signi/1cantly 
ane~t thiS cOl!sideration. However, livestock enterprises 
~llllid dtredly affect the environmental parameters by 
means or [lllllll'r from field-applied manure and could 
inducdly affect environmental parall1elt'rs through 
~l\lp enterprises. Leaving livestock activities out of the 
model wa~ also a necessary simplifying assumption to 
enable cll'arer insights into the trade-off mechanism. 
Twn other hasic fl':lSOnS I'Of the non-inclusion of these 
enterprises were lack of data and lack of I1nandal and 
manpower ft'$tlUrces. 

FERTILIZER USE AND RESPONSE 

Fertililer llSl' directly affe.:ts crop yields and net 
return~. /Jecallse or this relationship. a measlIwble 
trade·ofr was available. Nitrogen was (Oll~idered the 
principal nutnent in determining tht' yield response to 
thc various levels of ferlililer. Other nutrients were 
giVt!n secondary consideration t'xcept that their rate of 
applicatil1n \Vas increased to bl' in balance with each 
iJlcf\)a,c in nilro!:(en. An cxception to this was mudt' in 
thc yield response for alfalfu where phosphorus wa~ ~lln­
sldereti the prime nutrient in yit'ld respOIlse. 

Four fertilizer levels were considered sufficient to 
reasonably determine the trade-t)ffs involved. These 
levds lew. low, average, and high --were set somewhat 
arbitmrily becaus~ of the diffc(ellct's in yield response 
hy diffcrent crops. 

Thc lero kvel \lbviollSly cl1rfesponds to no commer­
cial fertilile[ lise. The low level curresponds to a level 
\If use about one-half to t\\iO-thlrd~ the ~lIrrcnl average, 
The elverage level corresponus III the Cllaent average 
tlsagt' lit the study area. The high level correspontl~ to 
the ilppwximate top or the productIon response cllrve 
lor each ert)p in the general.:;tudy arca (table I). 

From the nine basi( fcrLililer applicalion rates, 
avera!?,c an11ual fllt,ltion fertilll:er rates wefe calculated. 
Tilt' rotatIon elpplieeltion rates depend on the crop com­
pOSillllIl of each rotation (tabk 2)• 
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l;lbl~ 1 .\ver;1g~ annual basIc cwp fcrtililcf application ratc~ 

fl·"l"l:r~'~_·._l". I\~er,l;~'I'o;;~---I.IlW 

( ,Hlliuth'U' WltH.'f 

\\ he,ll l
., '-l'-

II 

N-I'-K 
-~ ... -~ .-~-
POI/lids l

211-:'i-2 

>'-1'-\". 
-.~-.-..-_. 

'l'r 11 ..··(' 

34·~2 

:-;-I'-K 
.~-~,~?~-~---

h\),l~....1 

\\lIltl't wh<'.1! ,)11 
Llll,l\\ ., , , .• , .. tl 15·5-~ 1q·~·2 61\-\5-4 

[J ,Ill-Ill,:! RH·15·.' Illtl-J()·(, 

~\'r~h\l1\l .. II 411,~·:; 74·ll1·.! !l{(l-311·5 

XII\ l>1!~1I\ !l 5-J-J l\l·5·~ 40·2()·1lI 
nIh II' 20·5-1 b{\·14·\1l HO';!O·ll1 

·\\1.111,1 
{'urn ,tI..I~~l· 

II 

1\ 

0·5·U 
4ll-LO·2 

O·2!J.{1 
llH-15·J 

(l·o(HJ 
llW·3(l·t, 

Lilli" h,l\ [l 21H).tl 41141·n llll-O·O 

tahlL' 2·- Awr;lge altnllal (Iltation f~r(i\iler ;Ipplkati\lll rates 

l,n\ Aver.!!!c' lIi!!h 

:-'.1'.1- I :-;.1'.1\. 1\-1'.1\. 


}- - ----..---_._­' 

Pounds Pt" l1ero' 

( ,H.t .Il' ~.' 
..J 41)·10-4 1l(l·:!5·H 

(.\Lt.'!, .1\1 4·2 ~I-U·J lXO-30-6 

\1.H.\I.H. ':;.'''h-.1 42·8-4 110·25-8 

( .\1,( .1> 31·1\·2 h5·11·,l 145.28-7 

\\.1',\,] ~4-t.·~ 44·<)·2 IOS·19-4 

\\ .\1.\1.1 2·t·:; ~ 4'· ~"' lOS·19-4 
~tl - : 55·11·.' 115·2.4·'1\\ .!l,t .\ ' 

J() lli·J 52-46·3en. \.\. \ t:~'h 1 
;,!,i I, \. \. \ I ~-(>~ I 27·1"·2 :; 2-46·3 

\I,l I.B.lI.II :!43-J 51·$·2 !U0·I0-3 

i '\. I1lll. I ,:,n. \" phll'I'lllllll' ..lllll K. pnt;I"IlUIl. I s~~ "ode 

"W!J!lJ!l\'r! !' 5. 

YIELO ESTIMATION 

Y\d,! ~'Il\\1.1t1." W"'I'" ma,k I'm "'J..:h \\1' tIle \Une hasic 
c'(UI'" fr'll11 J \Jnety ur sOlln.:e:;. Current average yielus 
P1L'~c.'lltl.'\: htth.' pI\,hklll. I hlwever. yiehl fl.':;pollses to 

krtllilt'f wen: ~111l1ewhJt 1111He diffkult. Crop Yield 
RtS[JdIlSt' to Fertilizer ill tlle United States (U.S. Dept. 
Agr. Stat. Bull. 431 )was the prindpal StIU!..:e I'm making 
theM' 1.',II:nJ(':' A ":\lll1plet~' or etmtinUIl\IS yield 
!,'SPI1I1S,' eUfh' I'll cadI Cfllp wa~ \lot computed. TIll' 
plllet'dUlI.' \Vol, cllnftned hI estimating four points on a 
dtrh' .:(\rre~p\lIH.llllg l\l the rOtH levcb llf fertilizer 
,elcded. nll'St' .:\)nl.'~ll(lI1J ttl the lew, kJ\\,. average. and 
lut!-h krtlitl",r ~li'ph.:attlll1 ratls ltllbk 3). 

1111.' biN' YII'lds Illr I'ilch crop al tilt:' four ferlilill!r 
k"l'!~ \W!~' tlt\!1l t:'Xlhtn,kd t~l pwvltl~ tlte : ldd r~spllllse 
t,1 (,,1.:11 dIll' .Iud It'rtt\llcr It:'vd for the I ~ sde..:ted SRGs 
tJPP '.lhk ;,) \'\\\1'>, ll\:;tead of a single yidd re&pt)!lst:' 
,'\I!\t:' {p ft:'rtllIll'r hH eadl er\lp. an ana) of yield 
(';"1"'11"<.', (\t;'pt'lhlinp. Uplll1 Ihl.' !5RG tnvo\vl!d was csti­

mated. This technique considers natural fertility of the 

various soils as well as the variance in yi.eld response to 

adtljtional fertilizer 011 each soil. (For an example of 

yield responses by SRG, see app. table 3.) 


Table 3 -Base yields for sclected crops and fertilizer use 
l 

High 

('\lntinllllll'i winter 

\\'h~;Jt .•....•. ,. 20.0 2S.0 30.n 35.0 


Winter wlw:I( on 

Cillo\\' .•.....•.. 23.0 29,0 35.0 
 40.0 


('om. . . . . . • . . . . . . 36.0 
 50.0 64.5 100.0 
50.0 64,,) 100.0Sorghutn .......•.. i 40.0 


SllybL'ans ••...•••• I 23.0 27.3 29.0 32.4 

5[.9 64.1Oats ...........•• i 28.0 4l'.n 


TIlliS 

4.2 
('orn silage' .....•.. : 4.0 7.0 11.0 16.5 

Lmll' Ita;' ......... ! .7 1.0 1.6 2.4 


Alfallil ........... 1.5 1.8 2.9 


'TIll' b.lse yield fUr ~ach crop and fcrtililer [evel was set 
equivalent te' the c,titnatct! yields on SRG 730 (S~C app. tables 2 
Jnd 3). 

In unler to estimate yields l\H the various mtation 
systems, yieltIs for each basic CHIp fertilizer level and 
SRG were combined in the n~eded proportion. A rota­
tion of corn, soybeans. corn. soybeans (CBCB) would 
produce one·halr of the C~Jrn yield estimate and one-half 
of the soybean estimate for each year of the 4-year rota­
tion. 

A basic budget was developed for each crop. These 
basi!,' crop budgets were designed to reflect yields shown 
in table 3 at the zero fertilizer level. The yield estimates 
by crop. fertilizer lev!'l, and SRG were then used to 
calculate the variable harvest costs appropriate for each 
SRG budget. t 6 All SRG yields above the base yields for 
the lert) fertilizer level shown in table 3 were assumed 
to have harvesting costS higher than the bask budget. 
Those SRG s with yields below the base yields fm the 
zero fertilizer level were assumed to have lower harvest­
ing costs than estimated for the basic budgets. Yield 
estimates were also used in computing drying costs for 
corn and sorghum. It was assumed in making the drying 
cost estimates that one·hali' "f corn for grain was dried 
while one-third or the sorghum was dried. The base 
drying cost wus estimated at 7 cents per bushel ror both 
corn and sorghum. 

16 The SimplifYing. assumption made here is that erop rata­
tions have no benclicial effect on yields over continuous 
cHlppin~. 
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NET REVENUE COMPUTA TlON 

Net revenue computations were made [or each SRG, 
Cf\lp, f.:rtilt/c[ kwl, and (\1I1$.:rVatlI1l1 practice. R.:venu.: 
figur':$ wefl' not ":I"npuled for pastur.: and range, hlft:st, 
.1Ilt! "llth.:r" .~roplant! ll~':s. No Cll~t data W':IC available 
III \v,lrk. lip budg.:ts for the~e lanJ us.:s. Net r.:vellue was 
it cak~lbtl\ln 01 Fri~e tlllles YIeld llllllUS variable cosh. 

Pricl'~ weIe dl'tL'rmined by taklllg as-year avcrage 
{ 1 t)()(1_70l " Ill' pncc\ rc.:civcd by farmer::; as reporteJ III 

;-It'hr,lsk..1 Agnl'ultural Statistks fllr thc southeastcfIl 
~cclltlJ; \11' till' Stalt': 

5·year 
aI'eragc price 

(\lfll (htU $ 1.[3-+ 
Wilcat (!lu) 1.q~ 

(Jah (hu.) ,7 1(\ 

S\lr??,hutll (bu.) .tJ5~ 

St'\ hcall~ (hu.) 2A~2 , ,~ 

('\llll ,i1J:-!1' I t\\11 ) ,--'
:\If,IHa (tllll) 21.20 
Otb... ! 1t,1} (tllll J 23.20 

Ill ... wllt'.I! POC\' mclud.:s tile 5·year average \If the 
wiwat (elttllCJ!l' !'J: n1Cll!~ {ave!agl' wheat pft..:e tIl' 

$IJ-(1 phb ,lv\'lag\' (l'ltilic,ltl' am(lUnl of $0.110-+). 

SOIL LOSS CALCULATION 

Still hISS cakubtlolb \H!le lllaJt' through the use llf 

tI\l' unIH:h,ll '\ltl·hlS~ t"IIJ.ltlllll!' Thl£ equatioIl pwville~ 
,I Iltll't',\ur... f"l COlllj'IItillg the l'xpe~led average al111\I<11 
sllli hl~~ fr\11ll ,tllelllJtlve land pnh:l1Ces on a p;lrtl\:ular 
lalhl all.'a. The ulll\er~al ~llil·10$S equation is A=RKLSCP. 
\vhl'rt' :\ b thl.' prt'i.!Jcted :>lli\ l,ISS ill tllllS per acre per 
year, R tilt' JH'rage allllual rainl:.tll erosIon int!ex. K the 
SllJl erut!lhllit) I"acl,lL I the length of slope in feet, S 
the slopl' graJwllt t;l-:ttlr. C the ~roppin!:! management 
(,tct.}r. and P the erOSllHI control practice factor. By 
plu-:mg .tPPflll'riatt' \alue~ Oil these factllrs. the soil-loss 
.:quatillll (an Ill' USt',l ttl predict Sllillosses unth::r alterna­
lIW producttllll technique::; llll vari\lu~ types of soib-. 

The- lllagnituJ.: of tht> :;everal variable::; lweded in tlte 
":llmputation III tht' "111 hIsses were available from Stlil 
CllnSt'f'aIWU St'r'.'lC': (SCS) :Slllu..:es. Some interpret,l' 

I' .\hln' Tt'(,'n: pn":l' dJt;l \\ouhl afkct the k~d or n!:l 
I1.'\~nnl' but II i~ felt th,lt tillS would nnt ~uhst.lntiilllv change tIll' 
(\'~1I1t\ ,,! this ~tu,h 'l11el.' ttll.' ,amI.' price, \\\!rl.' met! in each soh,­
!lOll. Of 1ll.Ij"f UUpl)rt.Il1Cl' is till' rd,illY\! lIifft'(en(c bl'l\\t:1.'1l 
\tllu!t"IlS. 

"\\,1\(1'( H. \\t~dlnwkr um! DWight 11. Smith, Prnlil t il1.f: 
R.llll;cl/-f. r".~i,m t"Ht·~ Inll" Crop/clld East elf the Rocky.HOlIII­

. Mm. V,S Il1'l't. Af!T ••\gr. Rl'~. Ser\'. in <:Il\lpcratioll \\;ith 
.. P\I{lhll' A!~: ! W. S(,I .• AH·282, W;l~hil1glon, D.C. ~1,IY 19(1:;. 

lions and assumptions were necessary W (.llmplelely fill 
in the soil loss estimates made ror each of the 17 rota­
tillllS uscJ in this study. A sepamte soil los~ was COII\­

putet! I'm each SRG hy cwp. by rei tililer leveL ant! by 
COllservatitlll praclit:e. This amounted to 136 different 
soil loss estimates for each of tht: 700 series SRGs (up­
lant!s). No soil losses were assumed to occUr on 500 
series SRGs (bottomlands). Bottomlands were assumed 
II) have lit tic ir any water erosion problems and there­
lOll' to have 110 soil loss associated with them. (Sec 
explanation or SRG dussilkation system in fllotnote 14­
and app. table 2.) 

Calculations fur the R, K, L, anti S variables in the 
sllillllSS equation wele obtained from SCS and presented 
little JirtkullY. SOllle problems wcre encountered in 
deteflninin,:. the proper C and P values for sOllle lant! 
uses. These problems were associated with the aggrega­
tioll needed in order to make the detailed t!ata usable for 
uur purpo:ses. 

A value of 1,0 for P was used for all CflJPS grown 
under llollerosiOIl control conditions. i.e .. up· and down­
hill tillage. P values of .5 to 1.0 were used for crops 
grllwn umler the erosion cOlltrol praetice of contouring. 
(\1I1tuur farming is the only conservation practice 
recogniLed in this formula. The P value varies. depend­
lIlg uplln the percentage of lant! slope and the usc of 
contour farming. This prt)\~ded two P factor values for 
ea..:h fertililer level of each erop rotation of each SRG, 

The C value (erop management factor) was calculated 
to correspond to each P value. Since the C faetor is int1u­
en..:ed by the rotation and yields of various crops as well 
as the tillage praclices followet!, there is considerable 
variation in its value. For each P value representing 
erosion -:ontrol (contollring). a C value representing con­
SL'rvatioll tillage was cOlllputed.1 

9 Another C value was 
also computet! for eneh P value representing nonerQsion 
cum rol. 2 0 

One difficulty in determining applicable C values for 
pasture, forest, "other," [allow, ant! conservation use 
land was to ascertain the allluunt and kind or canopy 
normally assodated with these land uses in the study 
drea. Having determined the appmpriate P values. these 
were used as an indicator for selecting reasonable C 
values fM the problem land llses. I f the land were [armed 
in an up- and down·hill manner, the canopy associated 
with these uses was asslIlIled to be 20 percent weeds Oll 
Summer fallow ant! conservation use londs, 60 pereent 
grass on pasture land, and 60 percent weeds on "other" 
land. Forest lant! was considered to be unmanaged ond 
to have it poor stand. If the land were operated in a con-

I. Conservation tillnge includes such things as listing on the 
contour. till planting. strip tilling. the amount of residue left 
or rellHlVl'd, as well as the amount and kind of canopy associated 
with the L'mp management. 

'0 ;-;o!H:onscrvatilln tillage takes into accounl the amonnt of 
n~\iduc Idt or n:ll1\lvcd ilS well ilS tht.' I.:onvcntional tillage pme­
til:t.'s such a~ wrfacc planting. 
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scrV1l1g way, summer fall~lw and l:OIlservatillll tbe well' 
USSUIllc,d to have a soil hISS equivahmt tp a bO-pefl:dlt 
grass l:(\llOPY. pasture a 95, hI lOO-pen:etlt grass .:alll1p) 
\Villl "other" land a t)5· to 100-pen.:ent weeJ ..:anopy, 
Fmest land was ..:onshit'red t~) be UI1Illallal;!ed but ttl haw 
a gtlOU stand 01 trees. 

The variation of sOli loss on the different SRGs anJ 
..:wp f,ltathltlS is trelllc'ndl.llls. Soil IllSS per a.:rt' per yea! 
is as low as ,U4 t,ms and as high as 400 tOllS. Tht' -WO­
ton Ilgure is stllltewhat uurealislk in the ~etlse tlMl these 
sleep-sil1l'ed lands afo': almost impossible ttl till in an up­
and J(IWl1-lIil1 mallne! with .:ontinutlt!s row ":t\IP:'. 

SPATIAL HETEROGENEITY INDEX (SHl) 

III att\"npb tll llleaSUft' diwrsity tIl' the Jgri..:ultural 
landscape. Ull,' h.:e~ the fa,'l that (I\) leady Illt'aSUTt' is 
avail.lhk, Sllllle tedtlliqut'S \\'lu.:11 attempt quantIlyttl 

tlivefsit) are i'<l\llHl 1Il infUIll1atitlll the\)[y.:' The 1'1\lb­

klll is that all 1-.11\1\V11 systt!!tlS desil;!lleJ ttl Ille,blln: 
Ji\e[:ilty are tllle·dimt!IIShlnai: that I~. ,lIlly tilt' portitlllS 
\\1' each tiM' tlf the lota' ;.lle<l art' CllllsllleH'J. Available 
indke:> teU u~ httle, if all} thin~, abuul t[lt' lIll,'rllli;.., Ill' 
tht! various lanJ USt'S. Ab,,, the prn:-Jml'\ rel.tUI1I1~ Ill' 
the ddll'fent l1~es are Ill1t _luantiliabJe. fhat lS. 1111 dis­
tillctillIl 01 ltlfOllllatHlil IS a\ailabJe tIl Jetermine whkh 
land use$ are ill PW"lllllty til cad! tlliter. ThL'fe is abo 
tltt' further ptobklll \)1' tlIne. How an~ hl!a1illll pra..:lkes 
in..:orpl.H.lleJ lntl) the lliVCISl!), of use'lll rhefe is 11.1 
kn'J\\l1 indc:\ sy~tt'll1 that in":tllp,Hate:. all or the Jinwn­
siuns Llf di\cr~lty . 

Tlw systt'1ll ,ldapted .Ind described belll\V fIn ,:ulllpar. 

, I ll. f:wil, Fcol/t>/IIh's and [lIjiJr/lI<1lioll J1,t'orv. Nortl' 
H,)\Iand l'ubhs!lll1<! (\I., Arnstl'rdal1l. 196 7. 

, , r .$. n~pt. III Agriculture, il!w/OclIlll,rc ill Agriculture .... 
ell,t!'. 2 l~el' r,lOtllote 12). 

ing tht' tll'gree or allltlUnt llf ,liwrsil) is an lIltlex ~yst\.'lll 
that i~ St~nsit1Vl' to the number of land use categories 
and [he ewnne~~ of acreage LlistnbutlLlIl aIII0Ill;! these 
cat~gtll'iL'$, ThL' Sill b ,,:olllputed b) multiplYll1~ 1hL' 
Pll)purtitlJb of la11\1 in ead1 us\' by tlw nat ural log of 
the proportion uno tht'n ~u!111l1in~ the q uamities. SIll == 

11 
- ~ ~).(lnpl·1wher\' SIll is tlte spatial hetelllgelll'ity index, 
i '" 1 1 
1\ b the ['Wptlrtioll (per.:ent) uf land ill the Jlh .:ategory, 
HlId laml use ..:ategorit's range fWHl I to n. The range of 
this index is ,kpendenl on the llumber of land use 
calegorio.:s inv\llved. If an area is dL'v\lted tll \lilly one 
land lISl', the index value Wtluld be tern (lwc<luse the 
natllral It'g of 1 b 0). An alea with 50 land lise cate­
~\lril'$, ea..:h COlllplising .; percent nr the land area, would 
\'ll'IJ an Ilidex or 3,t) 12U2. Tell uses evenly distributed 
~Vtl\!ld provid.:: all index of 2.30259,'; The valuL' ,l1' the 
index rbes at a decreasing I ale as equality al11t)l1g cate­
gllries in..:rease:>, 

In this $( udy. nine land use ..:ategllrie~ werL' COII­

sideled. All even distribution or acreagt' alml11g thl.! nilt\! 
categories pHlduce~ a maximum SUI oj' 2.19823. 

The linear prognmilling !11odelused in this stuuy was 
not desigll\!d to compute the SlII for the various water· 
shetl~ III tlte total area. The program did sUlIllllariLe the 
a.:reage in I.!a~h ,)1' the selected land u~es. The a~lual 
..:ntnputalion llf the index was done b) hand ll\lt~idl.! llf 
the pro!:,:ral1uning. pwblem, 

The nine land use L'alegol ies ~eleL'led ror USI.! in the 
SIll ClllllpU1atit)n wer~: I) ~orn, 2) sorghum, 3) soy­
beam. 4) small grain, 5) !'IHes1 and ordlaru, 6) "'lther" 
land, 71 hay, 8) pasturl' and runge, and 9) sumn.er fal­
low. l:onscrvatioll usc, and idle. These land u:,es WI.!Ie 
consolidated from the 17 ..:rop rotalions. 

• j U,S. Dept. of Agrieulture. MOlloculturc ill Agricll/curc ...• 
Oct. 1973_ (Another c:l.amplc of thl! usc of this index system 
is lIsed in chap. 2, pp. 6·17). 

PROGRAMMING SOLUTIONS AND RESULTS 


Ten lin\!ar pmgram solutions afe dis(;ussed in tlljS 
analysls with eat:h solution based upon a diffl'rent $et or 
level \)1' ":tlllstraints (tabl'> 4). The number of Stllutions is 
minimal f,)f an analysis of this type, but it is believed 
that these Stl\utioIlS give s0111e insight into the impacts 
anti trade-otTs resulting fro III the constraints used. Many 
mono' solutions would be needed to determine and pr\!­
S\!llt a ':~llllpktl' marginal trade-oCf analysis between the 
v.lrit)us (;,l\1strall\t~. 

Onginally, plans called for at least one alternate to 
be ":t1.l1Sltaillc<! >It a low levI!! tIl' fertilizer use along with 
a 5 ·hlll, soil hI:;:> restridil)11 plus a restriction on the land 
liSt' nux. As it turned out, the simultaneous imposition 
of all three <':ollstraiuts at the prescribed l\!ve\s proved to 

be unsolvabk. Therefore, the land use constraint was 
modified by increments until a feasibk solution was 
obtained. This occurred only when the land usc COll­
straint was completely removed. As a result, none of 
the J0 alternate solutions presented here uses all three of 
the constraints simultaneously. Table 17 presents a 
summary of results for the 10 solutions. 

UNCONSTRAINED SOLUTION (NO.1) 

The unconstrained Stllution gives us a view of the 
prol1t maximizing Jlotentiul or the basin as well as its 
component watersheds. This solution was (lot con- 'i 
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Table 4, Ten linear program solutions ami constraints for each 

Solution No. DeSl!riptiun of \!onstraint 

lln.:onstr,llncd. 
:! Soi1I~lss l"ol1strain.:d lor eaeh SR(;' to ll!sS 

than 10 tons per .Iere per yea!. 
3 Snilloss l"llllstrained t\)r cal!h SRG to lcs~ th.lll 

5 tOils pt'r a.:r..: per year. 
4 rertiluer us..: .:onstraim:d for each watershed to 

an .Iwral:e level ,\1' usc. 
5 h'rtililc~ use l'll,)stmined tor each \,atc'rshcd to 

" low 1t'\il'1 of USl'. 
b Lwd USl' mix ,,:,'nstrained on the basin ttl pro· 

vitll' J high Sill. 
7 S\lillll~s ":,'nstr,lincd for eadl SR\.; III \css than 

.'i tons pl'r acre per year ,md fertililer liSt' con· 
strallll!d for cadI \V,Hershed tIl an ;lVI:rage lev.:'1 
or liSt'. 

H l'l'rtilill'r ust' .:onstraillcd for c,lch watershed to 
a lo\\' !L'velll! U~l' and the land lise lilt" ':011' 

~trilined to pwvide it high SHI. 
\) $"i! illS> I:ollstrain<!d for ea.:h SRG to less than 

5 t,)I1~ p~r 'lerl.' per )< l'ar Jnd r~rtililcr us~' con· 
\trained for l'i!.:h w.ltershed to a luw It:ve1 of 
USl" 

\tl S,'tllllS~ eonstrain.:d for ca.:h SRG to ll'sS than 
5 tOilS per al're pl'r rear and fertilizer usc ..:on· 
strained ror each \\utershcd to a low level of usc 
plus p'lrtiJI lllwd protection through elements 
,11 J P.1.. 566 wat< rsh~d program.' 

1 For a description of SRGs. sec text footnote 14 and ap­
pl'ndb. table 2. 

'1I1l' Watershed PrlltCetion and Flood Ptlltection Prevention 
Aet "I' [954, P.L. B3-566, 83rd t:.S. Congress. Act is admin­
i~tered b~ the S,lU C"nsl~natillil Sl!rvkc, e.s. Dept. Agr. 

stl,lillt',1 1t1 allY way cXL~Tt for restriLtions on Lropland 
ac'ft'~ b) SR(; aud the aCleagt' restriction on ftlrt!~t land, 
P.lstUft' Jll\.l Iallgl'land, and '\)tht!r" land whiLh were 
bUIlt into tilt! ll1odl'l. rIll' aLrt!agt!:i of forest, "otht'r:' 
,111-1 pasture anJ IJngeland were tlxeu at current It'vels of 
use by 111l'ans or a l\lwer limit. BeLause no buugels were 
ltIduued lt1 the' pr~lgram t~lr tht!st! fixeJ land ust!s, no 
revenues aIL' generated or assodatet! with these acreages: 
!l,l\Wvt'r, SOlI loss is 3s~,ldated with each lanu use. In 
e(ll::\,'t. the !tlwer limit aLreage on the three restricted 
land categtlrit!s brings them into the program at a zero 
pwtlt k'vcL Tbt! ~1l11) tinlt' that thcse activities compelt! 
fllr acre~ b WhCll net Wtltrns to alt~rna[ive activities are 
Lew or negative or soil loss constraints prohibit other 
usage. 

Revenue Effects 

Solutl\111 0;,1< 1 slwws <l tntal nel revenue for the basin 
of appW!\imaldy S24.37 million. This revenue is gen· 
cl'at,'d from 41 UN4 3Lres of the 568,500 acres in the 
basin. The remaining ISh,606 acres are in the non· 
revenut! /;\cnerating uses (foresl, pasture tll1d range, and 
''lIther''). ntis is equivaknt to an average revenue per 

pnJuuctive llLre14 of SSlJ.17 for the basin. The average 
revenue per acre varies by watershed rrum $52.27 to 
$62.1 O. This variatioll in average revenue per aLre among 
watersheus can be altributed to the uislribution anu 
,llllount of SRG a~reage within the varillus watershed~. 
Since each SRG has a different productive capability, 
tht! average rev~nlle per a~re by watershed is significantly 
:i1'fcctetl. 

Soil Loss Effects 

Soil loss associated with solution No. 1 amounted to 
over 12.8 million tOllS. This is equivalent to an average 
soil loss rat~ or 22.6 tons per acre per year fur the entire 
basin acreage. However, sillLe only 490,997 acres of the 
basin acreage contribute to the soil loss! 5 the average 
soil l~lSS from contributing acreage is abvut 26.2 tons per 
acre. 

Average soil loss for the individ ual watersheds on up­
land areas (700 series SRGs) ranges from 20041 to 28.54 
tons per acre per year. The difference in average soil loss 
among waters!led; can be accounted for by differences 
in the mix or 700 series soils. 

The high average soil loss does not give a very true 
picture of the actual soil loss associated with each SRG. 
Soil losses by SRG vary from less than 0.4 tOil per acre 
per year to over 64 tons per aLre per year. Of the 13 
SRGs in the 700 series found in the basin, only four 
have an average loss greater than 15 tons per acre per 
year. But two of these SRGs prodliLe ovcr three·fourths 
or the 12 million plus tons of soil loss (table 5). 

Fertilizer Use 

Crop production under the unconstrained solution 
(No.1) is devoted almost exclusively to continuous com. 
Of the productive acres, 408,507 acres are corn with the 
remaining acreage diviued equally between soybeans and 
sorgilllI11. All of the corn is produccd with high fertiliza· 
tion levels. This results in over 41 million bushels of 
grain, 01 an average yield of 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 

24 Productive acres refer to those acres which enter the 
solution as a budgeted rota tion. 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 arc productive in 
an agricultural sense. Average revenue data presented throughout 
this study arc calculated on a productive acre basco 

25 It was assumed that the 77 ,503 acres of bottomlands (500 
series SRGs ldo not have significant soil loss. It is recognized 
that 500 series SRGs arc somewhat subject to flood hazards. A 
potential for flood plain scour and/or sediment deposition there­
fore cxists. In our analysis, these arc considered to be of minimal 
significance as a contributing factor to soil loss. 
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Table 5-AnnuaJ svillosse$ for each SRG for the unconstraincd 
solution (No. I) 

--~-------rl-----~------r---S-O-il-It-h-S---

__~ ~:l~~;"' __-t_"~~~Oil [tISS per al'fl~ 
I Acl't:s Totls Tom 
I 

71 () .......•.. 1 J,041 16.847 5.54 
72U _...• _...• ) 124,582. 1,161,323 g.32 
1')") 1 89 545 6.12
723: : : . : : : : : '1 2,571 10,622 4.13 
7JO .•••..••. t 189,568 6,571,249 34.66 
7.11. ........ 1 lOll,187 1,22;),431 12.26 

732 ......... . 177 61 ..1.) 

740 ..... __ .. . 59,2t)5 3,251,861 54.84 
741 ......... . 7119 1.+73 2.08 
76!l '" ...... . 8,968 575,632 64.19 
7bt ....•...•. 177 522 
764 •... _.•... 70g 935 
no .......... 1 g,24 2g.891 32.3.5 

12,849,392 16.17hila! ~~~:...~ 490.997 

J Sl'~ e'\pl.lll.ltion or SR(; da~sirit:,jtion ~ystem in footnote 14 
Jnd .ll'l'cn\ll'\ table 2. 

throughnut th~ basin. This is equivalent to about a 
17<)·3lH> annual applkatioll rat~ per productive acr~, 

t\ vera~~ CertilLrer usc sll\lwS only minor variatioll by 
\\'atersh~d. Total nlltriellls applied to productive acres 
fall(!,c fmlll 2Hl.OO to 210.27 pounds per acre per 
y~ar. H The rallge of fertilllcr usc is narrow because 
alrnO$1 all of the basin acreage is de\'oteu to corn prouuc­
titlI) with high f~rtitil.ation rates. A greater variety of 
crops witlll£l the basin woulu t~nu to increase the differ" 
en.:es In I'ertill/er lise between w~lersheus. 

,. i'wductivc b.lsin Jcrc:.Igc is used to ~'onlpule averu.,e fertil· 
jl~r use, The I'rodU':livc acre ba~l' is used brcause these acres arc 
the only ones whkh ,m~ allocated fertilizer lI'ithin the problem. 

Land Use 

The Slll is low for solution No. I. This is not unex­
pected since all or the productive acres arc uevoteu to 
corn while most of the llonproductive acres are in 
pasture and range. These two land uses comprise over 91 
percent or total land in the basin. The inuex for the 
basin given unconstrained conuitions is .84235,' 1 Tilis 
compares to a probable maximuJll inuex of 2.19823. 

The SHI for th.e individual watersheds ranges from 
.70970 to 1.07028. Table 6 demonstrates the dominance 
of corn production :Ilong with lhe variability or the SHI 
belween watersheds. 

SOIL LOSS CONSTRAINED SOLUTIONS 
(NO:). 2 AND 3) 

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

Revenue and Soil Loss Effects 

Solution No. 2 redu~.'es soil loss to 4.97 million tons 
and net revenue to S22.20 million ror the basin. Tile 
average revenue per productive acre under the lO-ton 
soil loss constraint (No.2) amounts to S53.89, while the 

17 Five decimal places arc reported because of the narrow 
range of the index and the slope of the function at higher levels 
of the index. No empirical tests have been conducted to deter­
mine at what level differences can be detected visually. 

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

Watershed 
Land usc Basin 

3 5 6 74I I I I I I 
Percellfage of/and lise 

S'ow '., ....•.... _, 73.5 74.6 76.1 70.5 70.6 61.5 72.0 71.8 
c.2 ;3 .3 

So} beans ......•.... .2 .5 .3 1.0 .4 .3 
Sn1.l1l grain •.••..... 
Fore.st and on:h;ud .. , I 
Sorghum .•.•...•.. '1 ,,' 1.0 .4 

2 . .7 2.6 1.3 3.4 3.3 7.9 3.5 3.4 
"Other" ••.... _.•.• 4.6 4.4 4.3 4.1 3.9 4.4 4.4 4.3 
lIa~ •..••.... , ... " 
Pasture ami (J.ngc .... 1 18.8 18.4 18.3 21.0 21.6 24.2 19.4 19.9 
Summer fall()w, .:on" 'I 

servatillTl lise, 

and idk •.....••••• ' 


{IU/ex 

SUI •...• , ..•• " ••. .80323 .76908 .70970 .87579 .84889 1.07028 .84981 .84235 
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avera~e Sllil loss lln 700 ~ef\e~ SRt; J.;re~ I:> ItJ! 2 hHb 

pet Jt:[t:> per yt!<Il.l8 The [edut:t!ulI Llf slightll ll\t!l bl 
pcrt:ent tl! tlh' $Ilil loss is a..:t:ompamed by ahnit J 
9-pen:ent tcduclioll in tot.11 revellue. The avera!!,c t:osb 
of reJut:lIlg soillllSS on 700 ~eries SRG al.'res fWIll 2t).I-: 
tons to 10.12 tons PCI ;Jt:re is ;Jbout 33 t:ents per tOIl. 
This cost per ton of soil loss has a wide variation among 
watersheds ranging from 10 (I.) 57 t:cnts. 

The ~I . .2 ~lllutt\ln has ;J varl iJlg ellec! JtllOIli! the 
\aOllllS waters!lI.'Js. The basinWltk revenue ..:hange in­
Ju..:ed h} the 10-t-lil t:ollstraint is S5 ,2~ per Jt:rc per 
year. ! et only lllle of the Sl'ven wJ(ersheds Ius ,111 
average It!VCIlUt! ('hangt! larger thall this (sec tabk 'J. 
Rt'\enut' ..:h;llI~e~ .llllong watersheds range Imlll $1.42 ttl 
$U.5tJ pet pmdut:tive a('re. ~1)i11llss by wJtershetl ranges 
[tllIn ·LI>! hI I·LII tllll~ per a~'rc, The relative J\.:rage 
rl.'WIlue pll~itlon III the wal~r~h~ds is ahll t:hJllgeJ hy 
the illlIlt),itilIU ,)1' th~ S\lllllIS~ t:Ollstrallll, 

Redu':lll~ SOlI loss til kss th~ln :\ lOllS per J(,fe lllW~f~ 
tntJI hJSIll IeV~t1u~ ltl $20.4 I millinn JlltI ~llli Io~s tIl 
25'7 miltl\lJl tlHlS. Under thts i\\l. 3 sl'iUlillIl, average 

18 l'wn thllugh the' (,lJlstr.unl <'JU~ for 51'il IllSS Mit's" th,lIl 
to h'll~ per Jo.:r~. the ,lwrag,' sllil los\ ,)\,er tht' JOn ~cnes ~:iIU; 
>teres is ~lil1h tl) above that I his aJhllll.ll} results because' tllr\~e 
SRGs (740. 760, 7?OJ with h:.dl s<HI l\l~s prl,hkms are unahle 
to meet the lO·tllll o.:on~tralIlt. I11eref,)rc, spedal .llijustmenh 
in thl' <:t1mtraint 'Ill these SR(;s \VCr\' requireu in ,'rut'r 1<' JVOJU 
;tll inteasibk s,llutillll. this rmbkm I\.IS ,·;tused 11\ the 1ll1I1IfIlUIll 
level Ilf acreage required in pasture and r::l1lgelanu: Tlw Conserva­
(kill ~ceds Inventor) (Nehr,lsk;1 (\lme(Yation Nc.;'ds Committe". 
.'i,'brasl".] ('omt.'TI'lItiol1 Seeds, Jl)fl9, V.S. Dept .\)1r., Sc,i1 
Consen. Sen.) was used hI JetewUl\e what pflll'~)rt1\ln ,If thi, 
lanu use was Jdequately tn:;ltc:d Jnd "hat I'TllPllftil'n needed 
treatment. It was hlun,; that ,1 si!!nific~lnt pnJportion of pasture 
and r:tnt~e W,lS in need Ilf adequate tn~Jtl1lent. The pnrUon llf 
pasture JIlJ fJngcl;InJ th.1t \\-as in need \1l trCatment had ,1,50­

crated \\ ilh rt higher levels of sllilloss than fount! in our soilillg, 
"11nstrainh, I hccefllCt" the Jvt.'ra~e $Ili! l()~s over ,ill 700 serie~ 
SRl; aere~ is sli!!htl> Jb,we 10 tl);S per .lere. 

r,'WIllle per produ<:tlH' a..:re' h \-tl) Ilil. I Ill' IllJXlIllllll1 
dLfJi:n:ut:l' III Jwr~I;!:1' fnenUL' anll)Jl~ \\ Jtersitl!lb 1~ 

::.I b.~X rhe \anal1llll JI110J1.'; h.ltL'l~hed~ (,:JJl be attuh· 
uted tll dlJJ1ge; III prm!u..:tlw aCll~S Jllti th.: proportioJl 
III the various SRC;~ \vitlllll ea..:h watershed, The soH h)s~ 
Jverac\es 5.25 tons per a":ll.' per ye.tr Oil "00 setJe'~ SRG 
a<:r~s." y lIoweVl!f, soil loss ror llldmt!llal w;\ter:>h<!d~ 
range'S from a high Ill' lO.l J tl}[\'; per ac.:re to a low 1)1 
3.2~ tOilS per J(,[t'. l'hL'se differen..:e, ('an Illl(,e agJin h~ 
attllbut~u til tilt' SRG !lUX ill the watet~hcd:;. Thl' 
unrealistic high soil loss of ovcr 10 tOilS per acre with a 
5-l!\1l sntllll~s ('onstr,lint I.'~ln be attributed LI' the Illodtli· 
c.:atiulb lllatle ttl prevent an infea;tblc solution (see rO(\t­
II-He 28)" ThefL' i~ a general tentIelJ":Y for watel,h..:ds 
with higlwr r~Jllainlllg average ~\lll IO~$es (0 haw higher 
a\"etJ~e re\I!Jllle, but the rdaullllship is Jlllt perfectly 
corrclal.:J. Frl)llI this, it <:all be t:llndudt!ti that even 
though a redu('\IOIl in ;I)i! hIS, b a('('\}rnpani~J lly a lll'~ 
III revenue, other inlluen..:es arc prcsent to ac.:('enluate or 
nhluil"y thL'$e ('hangcs. The alllount of soil loss that needs 
tl) be (,lllltrolkd varies by watershed. J~pt!lIdillg upon 
the erosion sus..:eptibility of cadl watershed. 

mrrerellt:e$ in avera)!.e SIll! loss betwet!n the 10-ton 
and 5-L011 slllu[ions alllount to 4.87 tons per aL'fe in the 
700 series a..:res. The atIditillllal red u('tion in Slid loss 
t:osts all average of S-t.23 per aae or abollt 87 ('ellIs per 
tllll per a..:re. This ('ost \"aries at the watersht:d level ffllm 
abollt 2 l!ent~ to $1.62. On a per('entagL' basis. soillo~s tS 
reJu.oed abllut 4l-l pel'('ent. while revenue, l.lcdine abllllt 
8 per('ent between the 10· and 5-toll l!Ollstr.iIIlt alterna· 
tlv.:s. 

A ('olllparisoll betweell the lHl('ollstrainetI antI 5·tOIl 
aIt~rnJtive shows thal soil loss is reducetl about HO per­
Cl!l1t. while revenue Jedtnt!s about 16 pert:ent. The 

l<) Tht! awrage soil loss I'M thc hasin i~ a!!ain abow the 51!( 

e,mstraint. The c\planatil'll /liven in Inntnoll' ?X appllcs. 

Table 7 -Revenue loss associated with earll ton of soil loss, byvariOLJs soil loss constraint ranges 

---~ rnt:(1~s~:.~~t~ 1{l ~~~----.t--- l'nconstraincd ttJ~~~.~~__--I~!e--____J 0~t_oT~lS_1ll_5_t_o~n_~____ 

\\.Iter· Aver.l"e!e-> I 

sheu 	 r.evenuc 
dlJn"C J 

___-+-_._"'._ 
[);J[{ars 

13.59 
2 ...... I 1.72 

2.043 ...... 
1

I
4 . ~ ,,~ .. l.66 
5 1.42." •• " t 

6 ...... ! lo63 
7 ...... : 4.96 

I 
13.1 Sin ..~~,--

I\Wr.1!!.c! Rewnue J .. I 

~~lill\lss' lllst I 
dlan"e' per ton I 

C' -----L 

Tons DoDi/rs 

23.7 3 n.57 
14.63 O.L! 
15.80 D.D 

iJ.44 0.12 

D.S5 O,W 

<),28 0.18 


14.• 28 0.35 


16,05 O.3J 

,\vera!!.c ~vcr.J('c... I eoI soil lossrevenue 
ch;lI1ge l 

f 
change' 

Dll/lars Tons 

13.&2 25.26 
3.67 17,25 

L7.14 2.:>.13 
10.59 19.13 
6.98 21.34 
2.27 14.74 

11.35 20,13 

9.51 20.92 

~~-------

• Revenm'i 

I Im( 
1 
t 

per ton 

Dollars 

0.54 
0.21 
n.6S 
0.55 
0 . .13 
n.ls 
0.56 

0.45 

I Average i Avcta!!.c Revenuet ,.- i .. 

j revenue 1 soH 10,,> lost 
i changer i t:hangeZ per ion i' _...L.....~-_...-L____ 

Doliars TIms Do/lars 

0.03 1.53 0.02 
1.95 2.62 0.74 

15.10 9.33 1.62 
8,<)3 5.69 1.57 
5.56 7,49 0.74 
O.M 5.46 O.ll 
6.39 5.85 1.09 

0.874.23 4.R7 

I Average rc\"enuc computed with productIve aUI! DaSl'. 1 AVCr;lgC Sllill(.s\ t:(llllplItcd with 700 .9?rics SRG Jt:rcs. 
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l)Vcrall ~ost per ton per a~rC amounts tu about 45 cents. 
'fhe range among ~vat~rsheds is from 15 cents to 68 
cent~ per ton per acre. 

A prime consiueration in determining cffects of soil 
loss constr.1ints on the average revenue generating capa· 
bilities or a baslll or inuivldual watershed should be the 
SRG cumpllsition of the area. Even when the composi­
11011 Qf soils among watersheus appears to be rather 
homogeneous, major changes 111 average revenue pro­
uUcl111n can take pla~e. Soil hlSS ~onstrain ts have a 
large differential crfect 011 SRGs. The erosion potentlal 
of suds needs to be carefully examined ul oruer to pre­
uh:t the magnitude or [l'VCl1Ue change:. tllat will occlIr 
when a :-'llillllSS cnnstralllt IS ·lpplJeu. 

Fertililer Usc Effects 

SlId illS' ":Illhuamb .11.:'\1 [<'dn..:IC IICruhler usage he­
":.Jll)e l'IIlSl<ll1 ":lllltltl\ 1'I,I(edurt'\ reqllHt' tl1i"krent 
":IIIPl'lll<! p.luerns. t\HIl I'lPdlh.'t11 111 \)ll hl;!hh er\l~m.' 
!.Ilhl \" wiltdl.:d 1,\ allJH.l 1'["Ju..:tl~\n. Sm..:e Jlt~\lLl 
PltI.!U..:thlll h.h .1 h'\\<el It.'WIt/I.'1 ft'quirelllent, o\erall 
kmIJit.'1 U~t' Jl'..:l!Ill'\ 1111.' 214.:' I ptlllllJS \lr total 
llllwenh u:,.:-d p<.'l J":ll' 1Il the !\,). 1 $1,ltllhll\ falls to 
I '\} '-I lhllllhh 1'1.'[ ,l":!,' III thl' :\,1. 2 ~I\lllttllll and 
1':;2,U.~ l'"ll11d" I'<.'! a(ll' HI tht' :-';0 J l\ll!ulllll1. [IllS is ~l 
£<.',111..:11\111 III (,ltal l.:-rttiIl':! lbl' III Jhllllt 2<) pet,,:cllt he­
(\H'\.'11 tHl' UIl.;.HI,U;IlIlICd .1Il\! 5·l\>1l ~I\tl hIS'> !>\l!UtillIb. 

1 hJIl;;I.''' III Ill-ilV!duJI lIut!lt'nt us,' vary. !'-;Itr<l~en Jnd 
pI'ta"iull1 Ib\.' ,k.:hJl6 22 rer":cllt, while rhll~phorus 
(N' lII":/l"I~l'S 23 1'1.'1,'\.'111 JlIl\lll;! the Ulh.:oostr,llllcd and 
1l)·h'll :.emI hl~" sl\lutl<lIl~, lltl' ..:11.111;;1.'5 III indIVIdual 
Ilutlll-'m \lSl' bl't\\l'l.'ll the !U·tOIl and 5·t1Hl $lllulillllS 
JllhHlnt I" .1 ,ledIIIl' ,II 23 per..:ert( tIl! nitfllgL'1l and 
PI'\.!""mm .llId all m..:rl'.I'\e \ll 14 per..:ent flH pllos­
ph"llh \ltlo;;,'a .1IId 1'1lt.t~~JllIll lise Jed/nt'S 4l perCL'llt. 
\\tll1.' pjhl~i'lh'llh USt' lIl':Tl'.I~l>S 41 perICellt betweeH tht:' 
llIh"lhHJIllL'd .llhI5·hm ~nl\ l\l:'~ ~l)lut1on, lllt.''\e .:h.\I\ge~ 
.\It' due (I' )iuth III the aCll'agt:'s anu kl!1d~ 1,1 crops 
(!h'\\ll (\)[11 .md 1\orgllUtll. higher ust:'r-; Ilf llItr,)gen. are 
rl'pl.t~e,; hy JItJIl.1. ,l he;tvy uSt:'r of pbll~phllru:-. 

Land t.:se Effects 

SIIIl ltl.~ ':1'lhl1.JlI\\:' (Juse tht' Sill til fI$t:' from 
~-d~.'~ hl! til.: Il!lCI)llstr.lIlleu \,l!ullun til 1.21'"'33 for 

tn,,' UJ·t"lI ..otl h),~ Ml!Ull\lll tll 1..~O<)2.4 for Ill.: :'i-tOll s~l11 
h.,,, ~\lilltl\'tl. nl!~ ..:h.l!l:!t' ln SUI i, blllU:1ht ahmlt as 
,iulh t" ;1111(,' ">Ii .. \Hl~l'n;,;, (It'P:\ \)';':Uf (sL'l' tahk 1'\). 
.\, ''"h'b tlt!hli:r "'II 1\1" ~I)1l';trJll1t I~ Il11PllWd, ":Ilfl) pro­
,1U,:th'll dl.'dt:',b6 Jtllt hay (~!I'.Jit.l} I'fIldu':\l\\ll Uh:tea:;L's. 
Il'h",1 ! m,!. ""t/wr" 1.l1ld. ,Illl! p.lstU[l' and fJllgelalld 
,I,!..'.I::,', ..;11.111,:,' v,-r'" httkIlll'i l' hel'anse tht"l' a,;rl'~ 

hilh' .1 1!'\':lt HUIIUlllllll ;tlld It.;!"" lew net [ctum~ as~o­
d.lh": \\.lIh tht:ll Ih~' It \\;tS ,lbl' fllunu that IhL' r~lll~l' 
1'1 r:,' Sill \,litl\,~' .1l11tlll;! w,t!<'r,hf,!-; de';ll.'aS~''i 3\ till.' !)oil 

Table a-Land use acreage, U' onstrained and soil loss 
constrained SOlutions 

Solution number' 

Land usc 
No. I No.2 No,3 

Acres 

Corn ...••...• 408,507.0 316.289.6 242.870.8 
Sorp.hulIl .. _.• , 1,693.5 969.2 596.5 
So>,bean~ ....... 1,693.5 596.5 596.5 
Small p.ram ... , 0 186.3 0 
Forest anti 

or~hard ....... 19,046.0 19,046.0 \9,046.0 

"Othl!r" \Jnd .. 24,399.0 24,576.0 24,576.0 

~ 

IL,y ..... ...... 0 93.666.1 166,888.2~ 

Past lIrl' and 
[,angl.' ......... 1l.1,16l.l1 112,984,0 113.926.0 

Summer falln\\'., 
l.'t1nS~naIH)[1 

USl'. and Illl..: 0 186.3 0 
-

I Sec tabk 4 for.l lks.:riptlon of ,oiutiom. 

111~S ';Ol\stl'ain! bCClllllL'S lllorc restrictive. This indicates 
lh,lt sIlil loss c()nstraints (orce the watersheds to become 
lllorL' hOl1l0~L'ne()us with respect to ~dl other. while 
t.1l1d lise bL'ICOllleS IPore heterogeneous within each 
watershed. 

FERTIUZER CONSTRAINED SOLUTIONS 
(NOS. 4 AND 5) 

There ,He two pwg.raLU alternativL' solutions which 
SllllW the direct dt'ects of an average level of fertilizer 
.:onstraints Nos. >+ and 5 (sL'e table 4). An aVL'ragL' level 
of rerlililer use (solut~on l':Q. 4) is an approximation of 
c:urrellt average use on nonmigatL'd ..:ropland ill south· 
eastern N.:-braska. A Inw level of ferli/tlatioll (solution 
~\l. 5) is L'l(uivalent tll about two-thirds the average level 
of usage. Both fertililer constraints were imposed at the 
watershed level. ThL' placing of the constraint at this 
level allowed for variation in usage between SRGs with­
IIJ watl'r~hL'ds but prcvented lIsagL' from shifting among 
wJtersheds. 

Revenue Effects 

A!> fertiit/L'f lise is fL'duccd frolll the levels utiliz.ed 
under un":l)llstrained (;\lIlt.litiOIlS to all averagL' level, 
lllt.d l1ulnents arc redu.:ed from 1)1).3(1 million pounds 
tIl 35.~ll 1111llioll pounds. and revenllC falls from $24.37 
milllOll to S Iq.45 million. Thl~ i$ eqUivalent to approxi· 
llli.ltely a 6l)·pen.:ent reduction in total nutrIents and a 
20·perccnt tirnp HI revenue. A produdlve acre bas'c 
pT\ldu..:l's .Ill aver;Jge rcrtilll~er lISC M ~14.51 puunds per 
,I..:re with Iln ..:nl\stral\l(s but only ~6,lJ I piJunds of 
nutncu[:., pL'r aert:' with !>uIUttlln Nu. 4. 
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IlllllVluual nutrients show var)'tng. amounts uf ~hange. 
Nitrogen use dedllles by lllore than (I 1 per~ent, whik 
phosphorus and plitassiulll show de~n'ases 1,)1' ablmt 54 
anJ 30 per~ent, [e~peetlvely. In f:eneral, a l·puunJ 
r-=du.:tllln III ntttneIllS IS illxlHnpanieu hy a reuucllOll ot 
apprl'X,mately l) ct!TltS In net revenues per acre. 

Slliutlon 1\1,). 5 dt!crdses total net revenues tl,) S17 .4"7 
million. A veragt! rt!vt!lllle per prou u~t1V(: a~rt! fall::; to 
$42.41 wltlle tilt: avcragt! ft!rtlliler use per aCIe urops £l) 

5: .l)7 pounus. The ,Iddlttonal 2\j·pound reductll)!l III 

fertthLcr ust! is a~el)l1lpanjcd by an additillll,ll S4.1'i2 
de~litle I!I per-acre revenue a drop llf I (l.{lb et'nr:; III 

per.a.:re revenue per pound lli' l'crtlH/eL ['he ILlW kvel 
fertl\!lcr solutHlll reduce, 1111trllmt use ,lhotll llnc·lhlrJ, 
wlltk m't fl'velllll' lalb about III percent ":llltlpareJ WIth 
till' .I\era~e kyel l'eniltll.'1 'illlut!lltL 

rill' llltal dilh'rence ht'lwel'n the U1\ClllIS([,lI11I.'J .md 

hl\' Il"cl fl.!rtili/er altertlati\l~s llll .1 produ.:tlYl' a.:fl' h.l~b 

b $ J(l."'(l III ,wer>lgt' reVellue and 15(\.54 plllllIJS III 

;lVI.![.lgl.' tlHtrknt ll~e. The p~l.:l'tlt.If:~ de.:lInes .ICe JhuUl 

~3 j'l'fI.:ellt lor knililer .Ind 2~ percent 1m I~Vt'mle. lht' 

p~r ',1':1': rt'wnul.' IIII pact III a hlw Il'yd t'ertlltlL'r .;uil­

"t!;tlllt b 10.: c"'llh pl.'r pound Pl'[ a':l~ TItl! \Il·'l\·tJual 

lIutfll'nts ~hll\v 1ll'f:.IIIH' .:1!.IlIl!l'S III lbl.' III 74 p... r':l.'nt Il1£ 

Illtr"::'t'll. "2 pl!I":1.'11t t,l[ phtISplttl(lh..11lL1 5-\ per':l'ot till 

plltJ~'IUfll. 

Soil Loss Effects 

,\h'T,!;;,' "Ill h,~, I','r alle IS abn alred.:,l b) r... rtth, ...r 
,111h!l,llllh. When "'Ii lll~' ,'\l!hlhllllh \\1.'1': ifl1pn~~J. 
[,,'lull,','! 11~": <I.:,lm,',!. Ihl\\ ~\cI. \\h"~11 k~rttlll ... r u~e I~ 
dl.'';l\.·,!)\.'.! UHI'U,lh .1 krtill/er (II\l,tt;lIllt. :>,li! hl~~t;"; 
I1hl':J'C PWII,\lI1\ !ll',Jll~~ \11' the r~'lllt!!l:! .:rllppl!l!! 

p,t!l,'m .:!l,l1h.'.I' .h llhllee ,ll\ 11I.'.t!h ,Ill' hHlllg!\t IIlll) the 
wllltl"1l be";~\l'l' "~I \li\.' ti.'!t;lt/l'! ,,'osll,lIllts: erodahllity 
llldl·.I'l·~ ,I~ ,I (,',ult lIt thl' \l.'dU":l·d n"t,lul.' anJ ..:alhlp) 
':"\,'l \.\. ,J::~' ':.1111 H'\)(" 1111 SRG -:"Ot) sen(', Slllb lII' 
d~·.h'· ,\!1l' \l - t.'Ih 1','1 .Id,' lhlill 2(1.1 ~ tUll" p...r .1-:r,· 
WIth thl' "\1' I ,,'IUlItH! hI 3.tltl lll!l'. p... r a.:[\.' wHh tl1l.' 

"\0 .~ ",itHll'li.'· 
I lit: "\0 " ),,!lIt!Il11 further lllere,lSI.'S ha~tn'vlde 

.1\,'[,1;' 'I'll h'" II' .'-\ I:) IIlth per ,1.:re, Th~ \ariatjll!l III 
;l\er.!)!1.' 'ill,J It", am"ll~ \\at(,l,hed, ,Ib\\ lIh.:re.t:;I.!'i. rhllS~ 
wat<'lshl.".h P'\')""m[! lhe 11Igh~,t average ,oil hl,~e, 
')!t.)\\ thee large" "'II h." 1I1Cle,I','\ There IS.I 111fter.:n..:... 
,11" II ..: I t;'!h III .1\<~t.l,"I.' ",(i h.lsS ,lInO!!;! \\ ;]ter,1It!<" \\!tll 
).l'll 1",,;\,'\ f.lll:::lTl~· Ir,;m 21dX LIllI'- t~) .p (,q hm, pel 
~h..'It\ 

.\fi ~'\..l!lm:.!H,'n .It til.' .nt'I;I~e ",ii hI" b~ SRC gl'':' 

I "'n ,h"ld) Ill,',,' .lWr.lC,' '01\ "," ,·,tun,lt," Wl'm ill::ll. 
th,'\ .If" 1\ ph,d ,I! 1"","'< It-lin "'1[' lit Ihl' H."':I"11 Sl'I.'l'\t!m,tll'\ 
J.) H It "i','l1:":I. K I ".I\I\ln, ,u\,1 II, (t. li<."Hl<·lll.ll\ll. "\\,11"1 
'lId.! IIhl I I",lt'll R"\l't'lh, hI l..m.! \J.H1,W!"Ill.:nt," J S,IIl')n.! 
1\;"" t. ·'''I,t. ,1111\ \11:' 1')'\, Pi' 1M,·! 'I 

an indIcation of the sl,)i1 loss changes taking place (sec 
table 9). Three SRGs account for the majority ,of the 

Table 9-Avcrabc soil loss on 700 series SRGs for 
unconstrained and f~rtilizcr constrained solulions 

SolutIOn number ' 

SRG' 

I I
No. I No.4 No.5 

TOilS per acre 

710 .. , .•..•.. 5.54 5.54 5.54 
10.04720 ..•......• '>.:\2 9.78 

7,80 8.64122 .. ' ....... 0.12 

5.8372) .......... 4.13 5.83 

110, . ' ....• ,. 34.66 43.:!5 45.63 

".11 ....... , .. 12.26 16.78 16.97 
0.350.35 

~""32 . ... . 0.35 
76.58740, .. , .. ... 54.84 76.58 

:!,50141 . , ..•..... 2.ll8 2,50 
64.19760 ...•••.... 64,19 64.19 

2.95761 • * ...... ,. .. ~ 2.95 2.95 

764 .. , .••..•. l.32 1,45 1.98 


32.35770. .......... 32.35 32.35 

34.18'[lltJI ... ........ 26.17 33.16 


~ 

'S~~ "\pI.II1Jtlon nf SRG .:lI~'irICJtion ';ysteJl1 in footnote 14 
J.lld .lppl'J1Lh, lJblt' 2. 1 Set! lJble 4 for a descriplion of solutions. 

:,t)il IllSS IIlt!r.:ase. Th.:s ... are SRG 730, 731, and 740. 
filest! three ~RGs also make up a sign ifh:an t proportion 
of thee t,)lai al!r.:swithin the basin. SRG 730 shows a soil 
loss per acre llf 34.6() tons with the um;onstrained solu· 
hllll. 43,25 LOns p... r a.:re in the average level fer+'.liler 
SO]Ullllll, and 45.63 tons per al!(e in the low level fcrtil· 
I/t!r solution. SRG 740 jumps from an average soil loss 
per acte of 54.84 tOIlS to 76,SH tons in the average level 
t'crtililer solution. But no additional ehang.e was indi­
l!att!d between lit... average and low level solutions. 
Several other SRGs also show soil loss increases of lesser 
mag.lIltuLies a~ fenililer l!llnstraints are appli ... t1. 

Land Use Effects 

The Sill b also alf...eteu by .:onslraints on fertilizer 
U$~. a:- $hlft~ in land liS'" OCl!ur in reaction to added fer· 
Iilller constrain Is. The index for th... unl!onst rained 
altelllJtlw l)f ,H42JS IS alrnu$t doubled under the aver· 
,Ig.e t.... nili/ ... r level alt ... rnattve to 1.60i)86. tlowever. as 
til\.' ferti!t/er ':lln~lr.lil\t Il> uglttenl!d to portray a low 
kwJ III .tcrtilller tI~e. (It ... mdex falls III 1.53932. This 
sl'l'llh til indIcate t it;ll a~ Ollt! reduces rertilil.er ll~e. tlte 
llhjel!ti,c or a 1110t... Jiversl.! land use pattern b ra~tlitated, 
but tll a pOUlt, At what I~vclllf fertihll!r constraint the 
SlIl would h~ thee lughesl cannot be det... rnlllled fWIll 

Ihe ltlllilcd llUlllhl!T or llh~erv~ltioJls in (his study. Tahle 
I() prc~eJlb the r~~p... cttvl.' land usc a... reage r~)r llle slllu· 
twns db.;t1s~ ...d h ... r~'. 
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Table IO-LaJld use acreage for unconstrained and fertililcr 
constrained solutions 

Solutiun number! 

Curn ....•.... 4011,507 11::',9UI 1>3.11.7 
Sorghulll •.••.. l,t194 120,01>1 174,364 
S<,)\IPCJIH ••.• 

Small gram ...• 
Fll re ~t ,1l1l! 

1,094­
(l 

111,110 
II 

174,3b4 
!l 

mch.lr<i •••• 
Otht:r 1,lIlu .... 
lLl~ ..... ~ . 
l'a)tll[c ,Iml 

19,046 
14,39'1 

n 
11.1,11>1 

IlJ,04t> 
24570 

2,204 
112.9X4 

1'l,1l41> 
24.39<) 

0 
I : ,1.1 t I 

range •• I •• 

Summer taJlow, 
_llmerV.ltlon 
llS(',JnJldle tJ 1I (l -- ....- ..~ .•--.- ...-.-...-.---~.~-

I Sl'l' labk 4 for a lk's(npth)ll or \O!utilllh. 

Yield Effects 

ReJu..:tlllll 1Il lertihlCf U$e IS 'l..:hle',:eJ b) Jltering the 
":f<lpplIlg pJtt<:rn throughlllll the hasill. CfllPI'l!lg prac­
tlCt'\ Jre ..:hJ!I~eti Itttk. If JIl}. h) l'crtth"H ..:\)nstraim~. 
rhe lle~Jtly~' t!lfect Oil Urm ineol11e l~ the l':-..pe..:tcd 
result Ill' J li!nllller IUl1ltJlton. In ,Iddithlil tll the cl\,tnge 
1Il ,;wl'Pl!l!1 pJttel1l wll1..:11 bnng'> ahuut the prIJdu..:tiull 
lIt lower fI.'YellUe C1\!PS. hl\Ver ) lelJs arc expe.:ted bt!­
eJlI~l' of the It:rtililCf rl'stncllllll. lht: p'})lti,e reJ.llton. 
ShIP hctwt:t:n Yldds .lIld fertiiller JppiJ..:atlOll \\a~ built 
lOll' tht! mudt:!. lIowewr. ,Ill \'xJlllinatton of the snltl. 
Unl1 result:; \"'lull! appe.lf t,1 ":\lIllradt..:t tIllS hJ~IC 
JsStllnpthlll. IJhk 11 Sllll\\iS the averagl.' ytelds fur tht! 

Tabl" ll-,\wrag" erop yields for unconstraineu and 
fertilizer cOl1str:linl'll solutions 

emI' 

--~--·-f..i--_._ 

Bush"'s prr acre 

torn ........ > lll! .04
( 112.60 111>.lJ4 
&lr):luUll ..•.•. t 21>.20 49.5.1 5.~ 12 
So"b.:am . 12.29 27 ••)5 25.S7 

three tllillOC ..:rops lor the aitern.\tlws undcr cunsidera­
tlon. \.... Ith SeCll1iIl~l~ lourpming re~ults. 

Tht: ;\pparent anolll;IIit!~ .;an be l'xpJained 1lI the rill. 
kl\vlIlg wa). As cum acrt!age decreascs frum over 
-+O~.OUO a..:rt'S III appmXHllatcly 118,000. and then to 
ahollt tlJ,OOO al!re~ (t.lbk 10), the average Yield in­
.;n'ast!'i from [() I hushels per at:rt' ttl almost II'" bushels 
per .l..:re ('ven thllllgh lertihle{ usagt' hali been severely 

lestri..:teu. \Vllat II,IS happened is that th~' late of lertil. 
Iler applicatIOn un COft} grown has nut changed. Cum l~ 
still grown with a lllgh rate of iertiliLalJofl. But, as 
naturally less pmdu.:tiVl.' SRG a.:res .tfe removed fruill 
":Olfl prodUction, the average yidd of the renlalning 
mort: produ\CUve .:oru acr~s rise~. 

An opposite line of reasoning explains the rising 

sorghum yields. Sorghulll in the unconstrained solution 

is relegated to low·Yielding SRGs. But, as more produc­

IHe SR(i aCles are shiftt!d frlllll corn to wlgh ulll 

plOductioll. the average Yldt! for ~orghul1l rises. Sudl a 

lise til yieltis call take plact: evcn tlh)ugh Il'ss fertili/er IS 


used be~ause an alternate sorghum·soybean rotation 

Wlll':!l has a built-in \Complementarity is introduced. The 

I.ngl' dilfelencl' between corn and sllfghuJl1 yields (wlul!h 

fllHlIlall} tend to ht! simil.tr) substantiates this reasoning. 


When analYLing responses tu reniliLt~r restrictions. it 

mllst be remembered that the tate or applkation is nol 

tbe prindpal way in whi.:h fertilizer use is reduced. 

Change in tht! l:rnpping rotation anti pattern i~ the 

prlllcipal way ferti1i/er use is reduced, t!spt!daJly under 

the a y~t;lge level constrain t. 


The yield inl:rease of soybeans is the result of a 

c,l[nbinatioll of eftel:ts. The average yield inereases rrom 

ahnut 12 bushels per al:I'C undt!! unconstrained eundi­

tl\lI1S tIl ovt:r 27 bushels per <ll:re under the No. ..J. 

s\llutilll1 and then decrt:ases slightly tn about 26 bushels 

per acre llndcr the ;\0. 5 ~olutiofl_ Tit..: same reasoning 

that explains the yield ehanges luI' sorghum can bt! lIsed 

to explain most or the ehanges in soybean yields. As 

eorn aert!age is de-:reased. I11me productive land is 

shilted til soybeans and the yield differential betwt!en 

SRGs brings about a higher average yield even though 

les~ tutal lertilL~er is used. Actually, tht! shirt from corn 

to ~oybeall prouul:tion aC~llUnts for J\1ust or the reduc­

tion ill fertililt!r lise because soybt!ans have a much lower 

fertilllerrt!quirel11ell t. 


The de.:rease in averagt! soybean yield between the 
No. -+ and No.5 solutions can be accounted for by the 
fal:t that, under the average l:unstrainl. aboe- 50,000 
acres ur soybeans art! grown witlt a high CerUIi/t!r use ..,: 
.:orn-soybean rotation anti this rotation is completely 
eliminated in the No. 5 solution. The No.5 solution 
produ~es more acres of soybeans but they arc g(()wn in 
a sprghul11-soybean rotation with average and lew levels 
of rcrtililer lise, As a l:onsequence, the averag.e soybean ~ 
yield falls. The fertilizer-yield respunse effect is stronger 
under the No.5 solution than under the No.4 solution. ~ 
The Icrttlizer-Yield response of soybeans under the low 
use soluUon is also stronger than (lit! SRG yield ditTer­
ential deed. 

LAND USE CONSTRAINED SOLUTION 
(NO.6) 

The land usc ":llnstramt was applted Strlg[y [0 only 
one alternative solution No. D. Other constraints 
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.:h.mgt:J tht' land 1I~l' Illl' .md tlio.!ll'hy lhl' Sill. but thl' 
bnd lISl' ul'itnhlltlllll \\.1" 11Il{ prl'ospl'dtkd. Thl' <.:,1\1­
stt;llllt~ 1'lJ<':l'd till tlll~ ~lllutlllil <':Jlkd for hlWl'I Jilt! 
UPl'o.!! Illll1b <HI tho.! t\ltal ba\l!I J<':lo.!J~l' \vlllull o.!J.:h III' 
nillt.' 1.!l1J u~t.'". rhe hlll\IW\lI;!. Uppt.'l and hl\'ve( hunts 
we t\.' 1l1l1'lht:J 

Ltmd me l.\l\Ver limit Cpper limit 

Acres 

('\1[1l oO.llUO 1"750,000 
S,l[ghlllll hU.UUtl 17 5,000 
SIJ~ Ih',lIl' 45,000 100.000 
SHull :!l.llll 45,000 100,OOll 
hlll',l .11111 ,.,..:II,ud I <I,llllO 44,(JUO 

Utlll'llJnd 2.1..000 54.0UU 
45.UOU 100,llUlllIJ~ 

P.I,Wlt: .llIlllan!:!,' IIU,llUO 225,000 
SUllIlllo.!t LIllm\. <':llll­

,t'!\,ltl\ltl lI'L', and 
1111<.' .~5 ,UOO 140,000 

In IlH''o( lIbt,IIl(\." tho.! hlwl'( hmlt \Va" tho.! l'Ullstr.linl\l~ 
t'J..:t\ll. 1i1b. \It' <':\llll'>o.!. was t:\pl'..:tl'd Sllh':l' no other ..:on­
"U'IlIlI' 'WCl' ,lppitl'd. 

TIle ill!!hl'st \ll Idl'al SHIt, ohtJlned wilell tho.! pmpor­
Honof all lam1 uses 1\ equal. In so.!ttin~ up thl' !Jlld USl' 
":llthtrJ1l!t. It wa, n~(\)~III/t!d th.1t attaln111ent of thc llleal 
\\.b mk,\\\hk .is wcll a\ \1nrcah~lI..: bl'~'ausc thrl't! land 
usc.. f,Jrt!st. '\Jthl'r:' anJ paslure' and 1<ll1gllbndha\C a 
Ihed lllllli!1lUIlI a..:r~;\;!l' undl'r all t:onditllIls (Sce tli$':u~­
sion l)ll pag~ 5).ln the constrained solution, all of the 
land uSt!s are at or near the lower limit except for corn 
wltt.:h wa~ the most pwt1tablc crop (table 12), 

fable 12 -Land usc lIistrib ution, unconstrained land mix and 
constraint'{l solu thIn 

-->-...,----~-~--~,-.,...~.~-~-­ ,.._-_.,, 
Slllull1111 Ilumber l 

l.Hlllu,<, 
~". 1 No,6 

.- ..-.....--~---.-.-..+.-...-.--~---'------­
;I crc~ 

Corn 40S,5(l1.0 152,13(l 

SnT~hlHl1 .. 
 1.(9).5 SO,OOO 

Sl.1)' lW,lIh .• 1.693.5 
 45'{)Ol' 

(1 45,nooSl1l.J1l !!r'lltl .. 

h'Tl',( .Jlld "'T,:hJrd ....• LtJ,n4t>.O 19,046 

O(h<'r (Jllti. . .•••• ~4 ,J99.0 24,340 

11.1\ ...... . 
 (l 45,000 

!'.l\(un' .111\1 r.U'I!!" 113,161..0 1 L2,984 

!:>UlllIlll'r 1.111<1\\. 


, ,'nWf\.IlII'n 

U\\.'. ,mil Itlk . j [) 45,noo 


~...._,.. ,,_~L,,"..i..-~_ 

1,',\.'1' t.ll'k .\ f,H .1 1/l',,'npt1<J1I ,Jf solutIOns. 

Revenue Effects 

As in all .:asc~ when a constraint is impost!d on the 
pJ'llg(Jl\lllllng !)ystem, net revenue is reduced. In the SHI 
cllllstJaincd solUtion. total basin revellut! fell tll $20.14 
llIillillll or about 17 percent ..:ompared to the ullcon­
str.li ned solutio!!. Averag<: reveii lIt. per productive acrl' 
amllunts ltl $"~8.86 cOlllparl'd to SS9.l7 per acre with no 
cllrtstraints. 

Soil Loss Effects 

I1np~)sitilHl of the land mix constraint reduces soil 
lll!>~ thwughoul the baslI1. Average soil loss with the con­
stramt IS 21.1 0 tons per acre per year over SRG 700 
$crLCS a.:res. or 19 pen:ent below the unconstrained solu­
tion. Rl'dut:tillll in soil loss due to the land usc mix 
t:onstraint results from I110re acres of less erosion-prone 
rotations elltering the solution_ The constraint does not 
rt!quirc conservation measures to be used, but the crops 
produ..:ed art! more protel~tivl' of the land, 

Fertilizer Use Effects 

S\llulion No.6 reduces fertilizer usc throughout the 
basin. The constraint on land use reduces the acreage of 
t:mll and increases the acreage of soybeans, small grain, 
and ha)'. Since soybeans, small grain, and hay have much 
1l1wef fertililer requirements, total fertilizer usc falls. 
Towl average nutrients are 214.S1 pounds per produc­
tive acre in the unconstrained solution and 144.2.2. 
pounds with the land usc constraint, a decline of almost 
one-third. Indi.vidual nutrients show different amounts 
uf decreased use. Overall basin nitrogen use falls 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 
percent tll a decrease of 28 percent. Potassium use falls 
by about 18 percent with a variation among watersheds 
from a 4-percent increase to a 37 -percent de..:rease. 

Land Use Effects 

As would be expected from constraining the land use 
mix. the SlIl rises to 2.001S8. This compares to an 
absolute maximum index of 2.19823 if the acreage dis­
tribution for all nine land use categories was identical, 
The No. (> solution has a varying effect among water­
sheds because of the different amounts of land shifted 
to different ~lSCS within each one. This is retleeted in the 
varying SEll -from 1.70377 to 2..02998 for the indi­
vidual watersheds. 
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FERTIUZER AND SOIL LOSS CO.\1BINATION 
CONSTRAINTS (NOS, 7 AND 9) 

Two :.tliutilllh Clllllbllll' ~'lIl)U,llnh 'lIl krlll!ll'! [hI.' 

;JIlU SOt! \ll~~. S\l\U(I\lIl :\'" .., \.'ollslralll, \o;'rtllllt'f tht' at 

,lll averagl' It'\d with ,,\Iii 111\:-, ht!ld at h.·s~ [ilall 5 hIllS per 
aClt'. Sllltltlllll l';\!. l) ":llllstlailh t~·rttlllt'l liSt' at a 1\1\\ 

kh'l WIth '>-011 hIS:'; abll hdd at It,~., tlull :' (illl, Pl'l ,1\.1\' 

Rt'vcllue Effech 

t lltl1bllllll~ h'l!i1IIl'1 .Jllt! ,IIIl hI." ctllI~tralllh h.I' rhl' 
,''-pl'c'le,l 1\',111£ ,I! (t'dll""III~ 1"Vl.'fHh..' "u!l\t.llIl1alh HUll,' 

thall \\!l\'U t'lIh,'1 III Ih,' i,.,llhl!,lIllt, l~ Ihl'd lllUI\lJU,IIh . 

11t,< \,,' "I!lItl"ll It'dll,','' th: t\lt,11 i'a,rn Il'WIIU,' II' 

\!" Illl 1l1l1h\Jll. III q:; pl'Ill'lIt i'I.'I,I\\ tit.:' hl!.tlll"~'II111' 
(lht.II!1\·U UJllk! !llli.j)lI~!I.lllled .:,llldltldlh lite 11l\\ I"vd 
1"nth!,'1 ,lIld :'·tllll WI! l\l~" ,'''I1)t[,llllb (\". "I ll'dlll.",' 
hll,.! It'WIIII,' 1\' ~ 1331' 1lI11ltllli III 45.2 l'l'r';'~lIt l't'i<lw 
1I1l"llht1.1Illl'd ':\Judl! I' lIh 

!{,'\l'IlU,· lllld..:t (h,' ah'!,I;!,' kvl'! kllllI.' ...·t alld \0(1 

1.1\\ (tlthtt.lInt b ,lb,lu! I" l'··l~\.':lt I~~... IIt.lI: Wh"ll ,Ill!, 
th~' ,I\l'ta!-!,' krtlhtl.'! ~l'lhttalllt W;J' u ... ~d. R\?\\?t\ul' 110m 
tIlt' -:IHllilm,ltlllll hl\\ !,'h'; krtlh,,'! alld :>,Iti hi..., ~\Jl11tl\lll 
h 2,~ :' 1'\'I':,'lIt 1,'\.\ thaI! tht.' [,·\l'I1I1I.' wltt'll \Illh th" h,w 
kh'l !\'lIIll!\~r \Iliutilln \\..b u:-t'J. Ah.'ra;!<' r,'vt.':1l1l' pl'l 
Plll.!lh.:tih' adt' h '.3x .'IC) 1I1llkt the :\u' \\I!llttOI1 alit.! 
';;3~.~'" lIlId..'! tltt.' \". \) '1l11111l111. Ih,',,' l<'Wlllll', ;l\,' 

\l,!lltlk,lIl!h k" thall the' ,I"'I;!;,' l"\l'llllt.', )lt tht' "'1I1;.!1~ 
appl!,'d. ",hill ,\111 I"" (\11. 3) ,tl!Otlnll. tht' avera;.!,' 
h'nilt/l'l (,\,\ 4) 'lllull"II ••lJIl! th,' 111\\ kYd fl'full/l'l 
(:\" ") \\lllltllH! hl'" t.ll'k 13) 

l:lbk 13 Awrag" n·wnUl.', ~()i1los.~. ft.'{tilw~r u~c. and 
Sill for ~Ico;tcd ~olll(i\lns 

'-,­
~.- '~~"-T--'--- .- -- r-~-T--- .....__._.__ "..,+­~_ 

~\\'t.'r.l!!l· 
S'llutlllll t~'rtthl"r Sl/r
Illllllh.:rl lI'~' 

~ ·'H___ 
~~ .~--~ . <!----+---­

[loll,Jr\ lilll~ f'''lIl1d~ [lid, .~ 

;>;". 1 :\'1.1 ~ ~b.l~ ~I+.'il .1l42J$ 

~I' ..\ 4<),1>/1 
 5.~S \$2JI2 1 ~O9~4 

~\l 4 4 ~.2,\ 
 3.1.\(, 8(1.40 1.6011Sh 
1';". :' , 42AI J4.Ill 57.'1~ [.$.1932 
1'.". 31\.% 5.2:'\ kh.-:t,:! 1.71.186 
:-",1. 'I 3'1.65 5.25 hll.5l1 1.89314 

Soil .Loss Effects 

l 'nut.!r both ':\lmbl!lJtIOIl Slllut!llns. soil IIlSs .It the 
ba:)1!l Il'\d IS Ihl.:' s,lmt.! bt.!.:allse or the iut!ntkal soil Inss 
CIlIl'itrJllll IInp"st'd However. tht!lC arc uil'{cren-:ils 
Jm'lll~ \hllersl1t.!tb III the ,1Il11lunt or S Jilloss. ThiS vana. 
hlltt;.- 1.11..,1\ plaet' Wl.:e lht' soli loss .:onstrJint wa;, 

,Ipplil'd ,II tl!e SRl; !l'vcJ and the ':'llllhlll.lll\lll ,)1 a low 
ll'v\:! It'rtillll'r ":Olhtr,llllt \Hth the soil l\l~> I:llllstrallll is 
llIudl Il\Oll' ft'strktiw than is the ':lllllbilla!illll With all 
aH~lage k\d l(mill/l'l .:otJstr;llrlt. rIlt' dlange\ wltldl 
tak0 pJa..:t' in watl'r~hed .soil lossl'\ ar0 due 1(1 ..:hanging 
~J(lp patterns and praC·ti":L'~ wlndl are inUllCl'd by tilt! 
ull"1l'fl'lltll.'rtllI/l'l ....OllstIJlllh. 

I hI.' chan,'~l' III croppillg pattefll~ and pra.:tkt's 
h,'twel'lI tht'~l' [\H) :'U!Utlolls he\p~ Olle [tl 1IIldt'r~t"lld the 
VJl1alll)1\ ,If JWI.lgt' ft'Vl'llU,' ,(>, wt.'ll a~ lilt' changing Ida· 
tive p(l~lttt)1l tlf 1',1.:!] watt'lshl',!. Tltt' soil loss in any 
glh'lI \\Jlt'hlled h IItll dl'tl~ltllinJbk hum thl' c'\lllstraillb 
th"lll~ehl'~ \Hl~l' the .,'lll 1,1.,., III a \v~llelShl'd changl's 
lllllk'r e.ldl (,llllhinalloll III ';IJn~lraJllb in rl'\;.IlIllllship to 
whal ""PplIl/! p.rttt.'lII l~ f,lllllWl'd ,lilt.! what CIl)PPlJIg 
pt a..: Il":,', all.' l'llIpIllYl'd. When fl'rtiitll'r U\,' IS C\1I1. 
~t!allled hy ibl'jl. ,Ill \)1 the waler,hed~ haVl.' a highl'l S\lIl 
fll,~ under th,' hJ\ver lertili/l'r situation than they liD 
ulIdt'r tlw a\er.lg" It'rUltll'l liSt' situalll1ll. But, when sllil 

hI,,, and f,'rllhll'l U,l' ,ITI' ~\IIl$traUll'd ill e\lIlIUll..:tillll 
"It I! ,1111.' another. till' l'lfe.:t of (hI.' ~oJ1s11ajnl$ b not felt 
Ulllt\llllll~ b) til,' watersheds be.:allSI' of the dilll'rt'IH 
SRC .:,)tllpll~it Illn III l'adl willersheu. 

Fertilizer Use Effects 

r:t'rlilllel US0 als'l .... hange's as a result llf th0 vaIitlll~ 
~\)!lsttalllb. lIll' aVt'tagt! I"l'rtili/t:r ll~l' under Ulh:UI1' 
sttalllt!d <:olldltiollS WJS 21451 pllUIlJ~ per prout1etive 
.1<:11.'. Awra)!t' krtill/ef USL' undl'r tl1l':\ll, 7 ~OIUtltlil \vas 
0{).72 pllunds per pnlduetlVl' a..:re wlllle it lVa~ 605 
pt)llnd~ lInd0f the .\(1, q ~(llutiO!l. Sill..:e tl:rtili/l'I U!>l' was 
":llllStl'lined at thl' w.ltl'[shl'd Il'wL tiJt're Iva:; [Ill( illtl'r· 
watl'l~hl'U shiIllll)! 01 lertiliNr lIsl', All wall!rshed~ U~e 
less (\)wl ft!rtihlt!r under thl' murl' re~trietivt' etll)straint. 

r:ertlll/or lIsO III llre~l' (ulllhlllati,lIl :,(}lutlOtl~ is very 
slluilar t(l that wlw:h Ol:cur:. wholl rertllite!" is ';OIl­
straineu hy ibelL Thl're b only fra..:tional ulfft!rclH.:l' in 
th~' avera)!t.' lI!>e of (ertiIi/er between the two solutiolls 
whkh ':ollstrain ICrlilll.er lI:,e at nn average kvo!. FertH· 
I/ef lISI' in tile No. I) snluti\lll i!> higher t1hlJ1 in the No.5 
solution Whl..:h C\1I1$(raiJl~ only fertilizer usage at a low 
!0\'eI (Sl'l' tahll' 13). An explanation of why thi~ in.:reasc 
u.:curs ~an be tra":l'd t\1 (he I!ropping pattcru diiTcrt!llee:, 
l'xisting betwt!t!11 thl' t\Vll solution!>, 

L'lIld Use Effects 

Basin and WaLer~h0u Sills show the dirrert!l1tial 
d'ft!ets Ill' the various constraints, The .:ombinalillll 
":ollslr,lillt!u ~olL1tion~ haw higher Sflb thall any of the 
solutiolls where :'lli! lo~:, or fertilil.cr art' constrained 
Individually (see table 13). This indicates that the Com· 
hination of COllstrajnt~ forces lllore land illto It::s~ 
produetlve U:,l'$ and thert!by increase~ tile amollnt 01' 
land use dlVer~lty. 
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LOW FERllLlll'J{ A;'\D L:\~lJ USF (O~" 


STRAlNH) sou:no:'\ (~O, HI 


lh~' ";"ll'itr.IlIlb III till'> ~"lUU\H ,,\,1, ,,1 ,LIC u ,\\l,lt>l' 

ll.lthlll "I ~\\t.lIl'\H :".t'" :- ,Ill,; l' l,'rolt!l': a,I.' I' 

<':lllhtlaUIt:d h'.1 h'\\ k,.:! 1'\', ~\ ,HI,! tih'l.m,!lhl' lW', 

b "'lh!l,llU.:',l "II til, ";I\lH 11' PI,,\t,k J hl>!h SIllt,,\\l, \.1. 

~hllll:II\!j '\., "~.llh\'~ :','1,11 !>.I,m !,'''C!!U'' hI 1'\UIlIl\lI.'l 

t, I "l,t'l! mtlhdll til ,b," !"'! ,,'lIt bd. 'v, tih' (, ItJI 
I,'''''OU, H;,t.ulil'llll' til,' lI'kllhtl.ltllC'.1 ~,'ll!tiun. AVc'l.I;:\.' 

1,'Velld,: \, ,,31' Ih I"'l pid,!Udlh' ,\.!'.', "';i!I'J,I',! \\itli .II. 
.1\\'1.1,:,' (;.'\t.'IHh' \.1 >:") 1" pt'l .11. 't' U\;,;,'lbl: Jlll<',!. 
S..J.2,.H !'t!l ,1.,1,' III tht' :". •. :' S"lllU,'ll, ,II1.! '-t~~\> !"'\ 
.1.:1" 111 :'\", (, ",)lllthI!L'\h'!,I~':' !,'wm,,' by W,I1<'I\I1\',1 

[,IlL;t" !hlUl ,,311<1 h' "WI ~ 1111.' ,l!tkll'Il':,' "I ,>h,'lh 
• ;llll:m;,: \\,It''l~Il\.'\b IIi til<' ,:,'mbHlJlhlll '.;", .'\ s,llutl<'1! 

';"IIli'J~'" \\ tti! ,\ ,hth.'I"lh.t' ,If ",~.\t, WlWII lli" 1,lw ktll!' 
til'! ";\llhtl,lln~ i" lbl't! ,Ihlll" ,Ill,l ~l :'i22 \~th.'H til... LlIld 
llli:\ ':"ll~I!,lUH h lb",! .lhlll'" , 

Soil Lo~:. HTects 

{,It,d ",,11 i"",', .1Ie:' ht'::[h'! t!I.IH tl!"I~,' «Hill.! Uillkl 

UII ...'Il"l,llli>:,i ':'.llhIUl,'Il', l'lu~ ,"1\ I,'·." hll :,\,1 ~ ,l1ill' 

tI"H he" ,li'i'LI\.llli,ll·.-h nlll1\\,\\ lldw':c'l1 tiI.lt l'llllHl 
,.,.hel tt, tWi' ,"~Imp, 'fh'll\ ';,!\btl,ltnh \~Ch' Jpplle,; lIhh· 

\;,itIJlh ll!.i. \ .. , ,,'II h"" I.. k .." ill tin, ~'llllth'[J (!l,lh it 

\\,1' !l: th~' hl\\ 1.;rulvt!1 ",luth1\, but ill;!her th.lll III the 
l.Uht H!!\ ",Inu,'n '\Vl'!.I,~t' ~\'ll hI" pc: 70U :-.el1,', J,[,' IS 

.::" '.:: pn, \\Illt th,' ,\.1. ~ ,'\ltll]IUl.It!"ll lit ~\lrhtl,il!lb, 

2\1,i' ('\u ! l, J..f.L'> t'.;." 51. .lliJ. 2Lltl (~", hI lltt! 
I,m;.! lil1\' ":"lbt'.llllt (,\,) (IJ h'l!d~ t,· 1')'\"1 th,' .l\eIJ!:!" 
S\I11 l\l~'" \\llllle: th~' lei ull-'er ,\1!lSl[Jlnt I"",.• , 5) tt.'IltiS Lt' 

llh:n:;ht:' ~'ll' 1<",6, 

I1ll ;-';" ~ ';\ll\lhUI.lt!,'1l l\l-:reJse~ thl' vJriJtion \)1 ~\)i1 
hl\~t'~ .l!llun;:: \\.lh'lSht.',b ~t1111p,lt"d to the un,:o!lstralllcd 
5\llutl<'l1 l:".", 1 J JnJ IIlJl\lJU;lll)- apphcJ sulutiorh N\)~. 
5 anJ (I. rhe 1ll.l'>lnlUIll JWrJP:': ~\lil 1\)$$ tlifftlren.;t! 
JIIlIHlj! \v.1t,'bilt.'ds i, H'.btl ton, fDr No. 0, L!50 lur 
NIl, t'. 1L:' 1 1,lt N,) 5, .md I:UJ fm No. 1. 

Fertilizer Use Effects 

Sm':l' ft!rttilll.'l us\.' I); [l'stri.:ted hI a hlw kvcl. tht! use 
\)1' nlltUt'llh IS ple,ktcfllllIltlU t.'VCll tihlllg.ll total PtJta~· 
slIlm lise Jl.'deJst.'s )h(!htly ilnd llllwgCIl use lTlt:reJSC:. 

sli~htly. ;;llmp~ln,'d with the \b.1ge HI tht! low i'erHliler 
':llIJslIJ1I1eJ ~(llmit)1l AVl.'rage lntalh.'ttHlier USC is 511.14 
pounds per prnuu.:tlYC a.:re III tIllS ":llmbinalioll solutlon 
and 57q~ PIl\llllls til the low iertililer solution. Average 

Jln:. ';.I'll lh" PI' pllldu.:lih' :>.:fL' lIndel the L'lllllbinatlllli 

,\'II,'(,lIIlt (\tl ,S) h ..f;),2~ ;'llllIlJ,.•l\Cla~1.' p\t\hphtlltb 

\h,~ h K ,2" 1'11l11ld~, .lud JWt,I!!~' jll1tassiuJII u~c b 2.59 
P' HIII.lS, 

Land lise Effccts 

i ill' SllI b IlJ!!h~r l2.US(J3311l1lIkl tIt" Ntl, ~ S\lhllhlll 

tll,lll It I~ t2.0U15hl Hud,'1 thl! lallJ Illl\. Clllhllalllt, 

(lllHhlI\1I1t! tht' lan,l 1ll1'. Jml I\m, lctllhl~l ':tllhtrJlllb 

h,t" a \li'l~lt'IHl,lll'l'tc(! ,Ill lh~ \\ alt'I~lh:\h bet'all~t' III tit" 
.Hlhllll\h ,II land Slllllt'd t,l t11Iklt.'1I! lh\'~ \\ithin lh,' 
llldhhlu,t1 \\ JI,'ISIit.',!-" 1hh b It'Il~Lled III the Sill Wlll,;!1 

\,HIt', 1t,'1ll I ,;):':.N tn 2.0(1111:' Jllh11l!! \\'lteIiItt!d~ 

Yield Effe.:ts 

A\'CrJ~t' ~'ldd'i in th~ l\!l. 0 ~\lI\ltitlll !!ellt!wU) lcnd to 
!ll' Itl\v,'r th.1I1 thl' ilVeIJt!L' \ wIlls III the 0/\), borN\!, ;\ 
SU\utltlllS ([.lblt! 14), rlti~ i~ attnhUled tIl tltt! lertililer 

l'ablt' 14 ..Awragl' yields undl'r three solutions 

SnlUlhlll nUl1\b.:r' 

Nll.;; 

1.30 

S<l~l"';llh (fll/) 25.!l7 28.82 

("ra lllll) 110.94 91.42 

Son!l1ulll (bill. 5.'.12 57,95 


2,21 

\\ h,',lt ! hUI 


1,lIiwh.lj In ., 
34.78 

\ !le,· (allk 4 tnf ,I ,\t:'"rJl'tlllll of 'lllutillll'" 1 Ihl' land u,,' 
\ul\'tr.llllt rdJh.'d til ,III h.\\. Smn' ,llfalfa j, mort' I'rofit~lhk. nll 
tam,' h,t\ ~.llll" jnto tht' \\lhl(IOII and (1m' Ihe'fl' \\.1, no Yleld. 

rt'stn.:tlOn. 1IoWC\C[, olher .:hJn~,'s also take pla.:e to 
.t..:.:eIltuate till: ellet:t \)f rt!llu.:eJ ft!rtiitlCr u~e. Alfalfa 
YlelJ, 1.111 Jram.lth:ally when t:ompilfell with thc average 
Yields tlf th.: 1;J~hl mix t:()llslraint. Fertilller applit:alioll 
talc!) on the all alia Me rellu.:~d .1lld thert' is a shift in 
a..:rea~c to the pmdu.:tioll of tame hay be.:ause or the 
t:llIlstrainl on phosphorus liSt!. 

Smt!hulll anu Lorn yielJs abo slll)W a hHgt' (hl\v!1wartl 
ehangt.' III a\'t!ra~t.' yield!> tllHkr t:oJllbination .:onditions 
,'ompareJ with t!\nse in a land mix ':()llstrainl solution. 
Allt)! the sur~hum in th~ ':ombinatioll solution is grown 
at a !O\V ralt! or t'crtili/er appli.:atioll. whereas a high rate 
IS Ibed under the sill!:lh~ ":oJ1strainL A.:reage shirts also 
take pIa..:e. $lH),!hum ;i..:(t!age IS ht!ltl to a minimum in the 
';1l111bination :solution. Thes~ kinus of acreage shifts 
~hangt.' aver,lgt' yields b~t:aust' 01 the prodUdivity 
dUTeren.:cs in SRG... 
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FLOOD PROTECTION CONSlDhRATION 
(NO. to) 

A1tt'nUle SO\ultOIl :'-ill. 10 ":111l$ltll!tt'U (\hl .b!ll!..:b 01 
P. L 5tH' IhlOd pw(c..:tioll lSl!l' IOOllhltl! tl' tahk 4) III 
,lddlllllll tIl ..:onstr<tlllh till snit IllS~ ,lilt! tl!rtlh/er u::;c 
(:'-ill I) L rlw a,pc..:b Ilf t11111J protc,,'(l\lll ';,l(I')IJ('n:d werc 
tht' \V,II,'1 lllIP"UlIlkJ Jt:fC.Ij!1! or t1\lIlJwatt'l ~trut:lulat 
lllC.l'illTl's imd tltt' leJlIt:t~d aVt'IJ~1! Jllnual ,I~'r(~ tluoJe\l. 
An \':\pl.lll.ltlllll III how IhlllJ ptlll\.''':UI)!l WJ~ mdudeJ III 
tlh.' hlle<lf progranlIllillj! nl\llkllIlI!11\\s. 

:\dl!,l~t' IL'IllQVCt! f!')111 I'WUU,'UOll thrtlugh tilt' ..:on. 
itllh.:tlll!l III l1u\'Uwatl'! sll\l":lurl.'~ W.lS dl.'tl!fllllll<.'d frolll 
\\.ltl'r'ihl.'d \hlfk pl.llh :11111 SCS \'vll[\"'IIl)! -i,lta At:rl.'il~e 
!t'm\ned Itlllll PiIldlll.'lhJl1 hy tht' nl10d pOllb \\;t~ i.'UIl. 

\111"[\'\1 Ill' (ill' sml.ll.'t' .h:IC;lt!I' .1/ tht' pCIIllJIICllt pIlll1tlf 

pith 12" PI'ltl'Ilt \11 tht' ll11uliwat<.!'1 1'U\I! Fll10JwateI 
l'illJb .\fl' t\'l1lpu rarJl:,> l1ulldeti durllls alh1 ll11mcllt,ltd~ 
,llt,'j I'I!r1l 1l.l- llllll)!h lllll,llt" nit.' Illlllldat.:.I .1.:rc,I~1! was 
,..!kulated hI! ,'.1.:11 \\,Ilt'!$hed and \,as then allu<.'ated 
hL,t\H','!i h·.lttullllalhb ,lilt! lIpi.lllti\, 13,[Sc,1 \lI1 SO II 11.' 

,Iii I!,\,I\ pia tlIll!d w.1t e r\Ill'd .. , Pl' (IlI,WClll pOll! J .:res wer\.' 
';\llhldt'led In bt, ,itstnl'lltell 50-SO [lc[\\et'll h,llt'lI11lands 
,llId upland, FhH)d\\Jtc[ !,ll\ll a.:re" I\lst h' prudu..:tion 
Wt'H' al!o';,llt'U UII tht' h,JSl~ III 2~ pCIt:e111 blltll1l11l,lnds 
,1IId':, I'l'll'elll upl.lll,b A turthL~r ,llIo<.'atIllll wa~ thcll 
II l.1Ih' ,JI bllttllllll,llltb alld tlplal1d~ [II :-iRG dassifl.:a­
IhIB\ I hl\ wa~ dOlll' in .h.'i.',l[,!.m':t' with thc ,:lInent pro­
(',Ifttt)!! ,If .)RG a.:rl!,l~t' 111 tIte re~i'I!\.~tiw watcrshed~. For 
,',ample. \1 20 per,'ellt,)f tlic hu(l\lllllanu in a watershed 
\\;1, III SRG Sill. thl!tI 20 I'l!r.:elll tIt the muntlalcu 
}>,)ttllllll.lllti wa:. a~sul1led III he !;RC 510 aL·rl!~. The ,lerl!S 
tll "';1<.'11 SRli th.lt w\.'rl! d"\\lteJ to ft:\ed hlIlu. uses were 
alw Ut'tl'r/lllned Till, wa~ lhllll! by eakulatll1g the 
,:Urlt'lll prl'l'tlf(101l 01 thl!~e lhl" Oll ea.:ll SRli ami a1l0­
';:llltlt' tht' Il\Undalt'J aert',l~t> ;lc<:'lnliogi) . 

l·nltalll.'t'llwnt hencllb i"wm t1\lIlU pwte.;Utlll we(e 
ha~t'd IJII ,l-:reat!t' protl!dl.'ll by the plllJects. This aereagl! 
\~J~ ':t11llPlltl!J 1Il tl\1! r\lIlOWlll~ way, Printuuts of the 
awragl' ,ml1ual aefl'S t1o\ll\ed with thl! lllost likely projee! 
,lltcrnatlve and Without project pflllcelillll hy watersheu 
\Wft' Ilbtained fWIll SCS. Th\.' difterenccs III Hoodcu 
aerea~t' hetween thtlse With allLl without this pwteetion 
wer\.' dl!tcrtnll1ed for eaeh waters!Jl!u by increment. The 
inerell1ellb uscd were !lolluing lkpths or 0 tn I fOllt, I 
tIl 3 re':t, and J feet and ()Ver. It was assllll1ed that flood 
pw(eetioll \1( ugncultural lanus ..:hanges the produetive 
capJhiltty tIl' thO\l' lands. Thercfore, in :lceordance with 
thi:; 41SSlltnptlllll. If WlIS deddcd that the acreage 
eoh,Hll.'ed h} !lullU proteetlOlI ullderwent a change in 
SRC; da~\!lk;ltIon. The hen\.'nt:>. 10 acres in the 0- to 
I-fIll\[ lllerenWn( wen.' assumed tll he equivalent to 
Ilpgradmg I.llld J"mlll SRG .5'::2 tIl SRG S i O. Aeres in the 
I· ttl J·leet lI1erclllcnt wcre changed fftlm SRG 535 to 
SRG 522 ,wd .1t:rCS III th\.' 3·l'ce( and over incremcnt 
\,ert.' si\lftl'd from SR(; 5(\2 tll SRG 535. These four 
SR(;s were llsed because of their susceptibility to 
lhl(\dUl~ prnblt'IllS, In general, only hottomland at!fCS 

were treatcu in this way heeau$1! or their noml hazard 
plltl!ntial, hut additional adjllstments were needed in 
some eases be"::lu$1! of indIvidual peculiarities of water­
sheds, Aereage was IIlH shifted to or fwrn an SRG that 
did Imt already exist in a watershed. This was done in 
oruer to avoill ehanging the entire makeup or the linear 
program coetTkients, 

It should hc ernplw;il.ed that the whole procedure 
used to analyze the ehanges brought nbout by llood 
pflltectioll ih;p~'1.'1$ or P.L. 566 programs is not a eOnl­
pkte asse~Slllent or P.L. 56(l benefits. Tahle 15 shows 
the ttlt~ll a.:reagl' changl'S that were made by watershed 
in lltder t~1 intr\ltiuce the tlt)od P(l)t\.'ctillll program_ 

Table 15 -Acres enhanced and removed tlifough 
watershed program 

~~~J~~I~~-~~~~l'10_'l[' ",l~~:l!l.ed ae~~l-A~~~~IOI'CII 
I"............... 4,193 1,294 
2 ................ /
J............. .. 

'2.116 
0 

808 
0 

4,."............ 426 72 
s .. · .... · ... · .... 1 1,658 &00 
(, .• ,., •• , .•••. ,., I 1,683 264 
7 ............... _I 2,570 678 
~a'il1 ((Hal •.••.•.. LJ,246 3.716 

I AdJ.ISled down from all \lfIglnal estimate of 3,454 because 
then' 'Ire not enough soil aen.', III ,edes 500 to accommodate so 
large- ~l ('hange. 

The al.~eage enhanced and removed as shown in table 
IS was incluued ill the model b} making various SRG 
aereage adjustmellts by watershed. These are shown in 
(ahle 16. 

The analysis useu is partial since it eO\crs only the 
produetioll and enhancement beneftts to cropJand and 
the acreage removed from agricultural prodUCtiOIl by 
water retention. The cost side -inundatcd acres--is 
probably fairly aecumte because data on this physical 
aspeet arc quite aceurate, However, the bcncftt estimates 
<Ire considerahly more conservative becausc the estima­
tion of acreage protected is less accurate than aCres 
flooded, and whatever adjustments were needed because 
or data gaps were made on the conservative side. No 
eOllsidcration or account was taken of land treatment 
practices. grade stahilization structures, or downstream 
effects. Reasons for this lack of consideration included 
a lack of data and all inability to handle thc necessary 
ehanges in the modeL Thcrefore, changes which do 
appear in the rollowing analysis are not only partial but 
are also conservative. 

Revenue Effects 

Since two of the constrnints used ill solution No. 10 
were the same as in solution No.9 (5·t011 soil loss and 
IllW level ft!rtilil.cr use), a comparison between Nos, 9 
and 10 Was 11lade in order to asscss the effects of flood 
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\1: h ,,:,t':,' il.ll',',', 11' til" t,lhh n. ll,·',.I'th ",ltll" \illk" 'i'c'<'llt.:.i .1' P'l\itl\l'. : S~c' l"'l'!.IJl.lllo n o[ SR{; l'la\~ifkJtlon in 

h'~1tn~q·" t • n .. d .!~ j't,'fhh,\. t.11'h... 

1'1"h',r;,lIl. In til'.' ""t, ,) ~\1hl{l"lt, t\.t.1! b,hlll Il'WlIm' 
\\.1' "I; ;1' u:IHllW \wr.l!!l' Il'\,'Ill1': Pl'! phl,iu.;tl'" 
.1- '\' \\ b ... , ,,"\ ,\ddlt,;lll u! til,' I',H!l.ll tI,,,,.! pldk,'· 
11'1l' ?t"c~'.lll' ,\h: hllk I,' ,h,lll;!t' 'Ill' H·~tlldill[h lin" 

I'll~ul \1\ rilt' !,·!tlh'~'r ;lll,j )od \,\" -:,'n~t1.lll1h, rllt,l! 
h,hl!' !,'h'IIt1,' Ill-! <."1 ,,',! ~h!!hth til "J '~."U lllilh'lll. 
'\\<,[,1:::" ','Wllll,' p,'l pl"du,nh' a,!,' \\a~ S3~ ')~­
R,'\'.·IHll' dltk:t't!(I.', hl't\\n'll tht' !\\\I ~')!!llhllh Well.' 
m.1I c!1Il.11. 

Soil Loss und Fertililcr USl' Effects 

SlIt! \.h' ,Uh! !crt1I!!~\: ll'l" l'h.e.j .11 Ihl' SMile kwls in 
'i(lillth1Ih ,,,' <l ;\lIt! ; \I, ~hnw PilI! tlHtlllr dlirt'rl'n.:l'~ 
hl't\H'ell th~' hh' ,;liuth'n, What ,hfterl'll..:es did ,I":';ur 

-:.111 tw ,ltldbllh",\ ptln,II'.111~ tn tllt' "'.1y 1II whkh the 
';llthH.Utlh ,WI,' .lppItt',i .1111.1 thl' -:h;tngl'~ in a.:rl.'<l!'!e 
lweJ..:d t" u~.:ludl· tIll' partial \1,)lld'h\tl'1 ptole..:tlllli 
pr'l~rJm TIll' .1H·ra~I' "'ii In.,., Jllr the basin Wil, ~ .25 
hlll'\ 1'1.'1 ,Id\' III ",11111>111 ,,\, q .llhl 5.2 - tOI1\ per a.:ro.~ in"I, lt1 I h~' ,tH'l.l!!e )n\l h1SS [Iv warershed in ~o, q 

f,IlIj.\Ct! ht\\I1 3,:-.3 [<'II'. per 'll:(l' \\1 \) .33 ton~ pl!l' <left,' J 

dlt!l'ICtl-:~' tIl:' )t\ hlll'i AV":f.l!!l' ~tliI h)'i~ hy watcr:;hl!d 
JH ~ll, Itl f,lIi:::l~d hom J.IJ(' (.lllS Pl'l ,t.;n' til ~.5·~ ltln~ 
Pl'f a;:ll' ,I JI!ktl'lh:t' \It ...\ .XI:' (Oil". 

trOllS Is the same for both nitwgcn and phosphorus. 
I'ot,11 ptlta~~i\llll use ill.:n~ases by a small amount when 
tlol,d prott!t:tioll i~ lIdded. As a result. aVl!rage (ertHil.er 
lha~e per prmlu.:tiw ;Jefl' ill Slliut iOIl No. 10 in..:reasl's 
slight I} . 1 hi:. is he.:ause fertililer usage is .:onstrained at 
thl' basltl lewl and thl! !lood protl!l!tilln solution has :1 

slll.lllt! r a.:reage hasl'. 

L'llld Use Effects 

The additioll or partial floodwater protection tll the 
model produl!ed some changes in the SHl. At the basin 
\..:vc1, the index rises with the addition of floodwater 
r:otectilll1 to UllJ856 from 1.89314. However, at the 
watershed lewl, the index does not always react in the 
same way. In fact. only two of the seven watersheds 
silow un increase in the Sf-II. The other nve show a 
dedining index. M in other measurements, differences 
between these two solutions (Nos, 9 and 10) are not 
great. but partial floodwater protection doe~ produce 
lllinor change~ in land use. The change in, or thl" i.Jagni· 
tude of. the SHI at the watershed level does not neces· 
sarily indicate the .:!lange or magnitude of the index at 
the basin level. Therefore, even though five of the seven 
watl'rsheds have a lower index. the basin index can still 

rot.\l tl'rBlt,'l'1 lhl' tIlT thl' h.l~in in the:)l' two S\l!\I· be larger. 
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OVERALL SUMMARY AND ANALYSIS 


Throughout this study, the primary concern has been 
with the trade-offs that have resulted from the unposi­
lion of the various constraints either singly or in combi­
nation. Predicting the directional effccts or any given 
cOIl~traint on the llther variables is by no me.lIls as dim­
cult as estimating the magnitude of the changes. I low­
ever, when the constraints arc used in curnhinatioll. even 
predicting the dIrectional effects is subject to error. The 
interaction between constraints is dlrt1l:uIt t{} ~ort out 
evcn whell oue is ;Iware all Inter.wtmn is ta!-dnft place. 
Thl' interactioll anti relatillllslllP between thl:! variahles 
til} not aiw;JYs work. ill the same directillo m to the 
SJIlIC degree wilen e:lch CO!1str.llllt b applied indlVldually 
(If III combJnatinu. This Jisparit! i> ty ptfkd by the fact 
that as soil In,Is is cllnstrainetl. il'ftill/l'r ust.' tails. hut 
Wht.'ll fertilller US~' i~ C\lll~t!.lined 'itlilloss Hlereases. 

Tablt' ) 7 SU1l111hWlt'S basin-Ievd tlltal and aVl'ra~e 
revenue, soil l(l~s, and tertilil.er lise 1m the ten alter­
tlat ... $\llutHlIls analv led in this study (~e ... tahle of), The 
SIll tor e;J.:h soiutt'lll 1~ .IIS11 mdtHled. T.lhk I'" is help. 
rul in ~is\l;Jli/illg tlw 1ll.1!!llitthk ,If tht' dltlerent \;Jriahks 
and IhlW they .:hal\g(' he tween solutllln". 

Tahle 1~ is ab\l a stU1lll1;Jf} tahk' Willdl tlt'tails 
aVt'C;lge rt.'~t.'lltlt· and ft'nillll'r use Ilwr prouu.:tivl' aCft.'s, 
<)h'fagt.' soil loss j1t.'r 'Oll series :.J':res, ant! tht' Sill for 
t\l.:h nf the alternate $\llutj(lllS pith the ulfft'rences 
bl't\veen tltt.' UlIl'ollstraineJ solution and e;Jch alterna­
tlVt'. This t;Jhk is helpful i.1 tll'tennining tht.' strength uf 
tho.' \arl\llI:, .:()nstraint~ anti tht' dfe... t \11 the .:onstraints 
OIl the four malor vari:.Jbks. 

SOIL LOSS CONSTRAINTS 

Constraints usetl in this study vary in tho.' degree to 
wIndt thl'!- atlect net revenue as well as every other 
envirIlUtIll'nt.ll pJrJmctef. Soil loss restrictions arc the 
least detrimental tll r~'venue of the three types of con­
str;JllIts used. In general. constraining soil loss by SRG 
rcduces revenue and lertililer usc and increases the 
StH. Achieving various levels of erosion control has 
accompanying trade-oll~ in farm income. esthetic 
qU.llity, and production input requirement,>. The 10-toll 
s\lil loss constraint reduees tmal revenue ab{lut 9 per­
cent Jntl fertlliler use about 1(1 percent, while (1l 

perct.'nt 01 tht.' soli loss is eliminated. The revenue cost 
per ttlll of SOil/lIS:'; t'litninated is 33 cents. The 5-ton soil 
loss ':llnstraint NutlceS soil loss by 80 percent with a 16­
perc~'nt decre;Jse in reYt.'llUt.' and a 29.percent decrease in 
fertliller lise. Rt'Vellllt.' Cllst per ton of soil loss elimi­
l!.Ited JS 45 cents, 

Attention shl.lultl be drawn to the fact that the reduc. 
tilllltn soil los:> is achieved by altering the cropping 
pattern .Illtl practkes throughout tilt.' basin, The altera­
tion ~)t tht' cropping pattern mC;JI1S that lower net 
ft'VCIlUt' crops arc prml11ced, while the alteratmn of the 

cropping practices means thal production costs are in­
creased. The erosion-reducing options built into the 
linear program model arc lower net revenue producing 
because of tl,e higher ~)perating and maintenance costs 
associated with these erosion.reducing operations. 

Soil loss constraints huve a large differential elTcct at 
(he watershed level. Average revenue for each watershed 
decreast.'5 but the relative revenue.producing capacity of 
the watersheds with respect to each other is changed. 
Soil IllSS Clll\straints have a stronger revenue effect on 
Sllrne watersheds than others becausl' of the difkrent 
slJil loss poten tials of each SRG. Thererore, prime con. 
sideration in deterll1ining t.'trect~ of soil loss cllflstraints 
Oil net revt:nue is SRG composition. Even when the 
composition of soils among watersheds appears to be 
rather hOllJogeneous, IlIaj(lr changes in aw':aftc rt.'venue 
can take place. Thcrefllfc, the erosion plltenti;Jlllf water­
shed soils needs to be carefully cxamined in order to • 
anticipate the nl;Jgnitude of change that eall be brought 
about by a soil loss COIlS :aint. 

FERTILIZER USE CONSTRAINTS 

Fertilizer restrictions have a mOle negative effect on 
net revenue than dll restrictions on either the land use 
mix or soil loss, The averagl' level fertilizer constraint 
reduces total fertili/er use by ()() percent while revenlle 
declines 20 percent and soil loss is increased 27 percent. 
The low level fertilizer constmlllt reduces total fertilizer 
usc 73 percent and net revenue 2~ percent, while soil 
loss increases by appmxim;Jtely 30 perl:ent. In general, 
a I-pound reduction in nutrients is accomp;Jnied by a 
reduction of approximately 9 cents in net rl'venue. 

Even though all constraints used in this study 
decreased fertililer usage, the most e fredi ve mea ns of 
reducing this usage was through a direct constraint. 
The principal way in which the programming model 
achieves lower fertilizer use is by changing rotations 
rQther than reducing fertilizer application rates on high 4 

fertilil.er reqUirement l'rops. The highest possible fer­
tilizer application rate is maintained wherever possible. 

Since the fertilizer constraint was imposed at the 
watershed level, it was hypothesized that the effects or 
the constmint would he similar On all watersheds. This 
did not prove [0 be entirely true. [n the solutions .~ 
studied, it was round that the erfect of 1I fertitiler con­
straint on individual watersheds is preconditioned by 
the proptlrtkll1 of productive acres within the various 
watersheds. The higher the proportion of productive 
acres in a watershed, the more restrtclive is the fer­
tililer constraint. The variahility in ;Jverage revenue 
among watersheds was reduced by a fertilizer cOllstraint. 4 

Changing the level at whi\lh a fertilizer constraint is 
applied or the ratt's of fertililcr npplkatillll would 
probably have different results. However. given the 
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1 able 17- Summary ofn-sults for the 10 solutions 

..., -,"""""--'----..-.,-....----.-.'-..-r-~­

1tt~m 

~,-.,............-~~----"--------- ..,------
S .. luti .. n numh\:r l 

-~.~ -~ ~,.~. .... 
No,:' "I"," "II" ~ N", H N·),10 

TntJl H'venu!.' Itl"lbn), . 17,466.222 2!i,136.2<:(' 15.\1£.3.726 14,912,1119 13,358,317 13,430,321) 

1nwhnil 11m (T). , , , . j' 12,849 ..;'12 4.967,978 2.573.282 16.21l1,42'; 16,7R2)<39 11l.3"9.1ij<l ~'<7~.!\16 13.513.803 2,577 .(Jf{~ 2.576.950 

Total krtiliEcr (p()undsl " Bli,355,988 
i 

T.nal N rpound~l •.... 1 73.623,408 

Tlltal P (poumh) . . •• I 12,272,762 

74,033,924 

$7,010.391 

15,122,814 

62,473,388 

43,716,749 

17.299.414 

35,796.275 

28.425,0110 

5.665,775 

1,!j7?II(\O 

19,329,IIIJO 

3,411/1O!J 

59,441),440 

46,21\3,400 

11,134.260 

3"5P.616 

211 A2S,I/O( I 

5,6RS,I)I)(j 

24,37f!,347 

19.897.5(11) 

3,41 LOOn 

24.3n4.01Ili 

19,R97.5()[} 

3.411,OO() 

24,306,465 

19.897,500 

3,411,000 

Total K [pound,» .• _ •• , 2,459,818 1,9UO,719 1,457,225 1.705,50') 1,137.000 2,!l22.780 1,427.616 1.069,847 995.508 997,965 

Total prodtlt;ti~·\! acre~l.J 411,894 411,894 410,952 411.894 411.R94 412,130 409,7611 412.130 354,187 353,620 

Avetag!.' reven u~ per pro­
ducHvc :m:~ rdoll:us) __ 59.17 53.89 49.66 47.23 42.41 48.86 38.96 36.111 37.65 37.98 

1'.) Average ~()il Joss per 700 

series 3t:tes3 (T) .•••• 26.17 10.12 5.25 33.16 34.18 21.1 (J 5.2S 27.52 5.25 5.27 

Averal:'C total fertilizer 
per produC1vc al'f~ 
(pounds). •.••• , . 214.51 179.74 152.02 86.90 57.97 144.22 86.72 59.14 6S.50 68.74 

,Average N per produc­

tive acre (pound~).. 178.74 134.4 I 106.38 69.01 46.93 112.30 69.37 4R.28 56.08 56.27 

Average P p~rproduc­
tive acre (pounds)•. 29.80 36.72 42.10 13.75 IU8 27.02 13.87 8.27 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 

Sill ..•.••••.•.• .84235 1.21733 1.30924 1.60886 1.5393~ 2.00158 1.71386 2.05448 1.89314 1.89856 

I For a description of each solution, sec table 4. 'To­
tal productive acres refers to those acres which enter 
the solutions as budgeted rotations. The acres of forest, 
pasture and f3n~cland, and "other" land are not in­

eluded as productive u{.:tes in the sense used here even 
though most arc productive in an agricultural sense. 
3700 series acres are upland :tcres which have associated 
soil losses. 500 series acres flrc bottomland acres and did 

not havc associated soil losses. 700 series acrcs arc 
490,997 for all solutiom except number 10 where the 
700 series aL:tes arc 489.319. 



Tabk 1B "Average revenue, soil loss. fcrtilil.cr lise, and Sill for the 10 solutions, plus change 
from tlw unconstraineu solution (No.1) 

-----,~~"'~-r--------__r-------'--.,__---------__.---------

! \{t'\t'nll~' I S"t11,I\' l'erlililer 	 Slli 
S"lutlll1l 1 	 f---.----r-- I' -..-,------- ---~- ---,-----+-----,-----

I \'Cf,I!!t" , eh,IIl!!,' , .\ h'ra!!l') ! C1lilllgc AW[,I!!\·2 I Challgl' 111lk~ I CI',lnge - -------'-~·,-'----·----t'· ~--.----'----~--------'------ _--'-____-J......____--'-_____ 

I [)"lIuf,~ U"ll,lfs !,J1/\ I,ms Pounds POllllds 

2h.P 21-1.51 .84:!35 
\,1, : 52l> 1tl.12 16.05 179.74 34.;7 1.:!17JJ .J749S, , . j ~:::~~ 
\P.J . I 49.011 4.:'1 5.25 20.92 152.02 62.49 1.30924 .46689 
'\0.4 4: .23 ll.94 .13.111 t6.lJ9 86.9(l 127.61 1.6!1886 .76651 

42.41 It,. "'II 34,lS tS.lll 57.1.)7 156.54 1.53932 .69697 
4t<.llh ItUI 21.10 :'.07 144.22 7().2lJ 2.00158 1.15923 
Jll.<)(, 211.21 5.2:" 2(1.92 86.72 127.79 1.71386 .87151 
.16.11> 22.lJ9 2'7.5 ; +1 .. ;5 59.14 153.37 2.05448 1.21213 
" 7.1>5 2152 5.2:' 20.<)2 68.50 146.01 J.89314 1.05079 
.P.4l> 21.1 4 5.2'"' 20.1)() 6S.74 145.77 1.89856 1.05621 

1 1,11 ,I lil'wfll'ti>lIl ,'I ,",Icit \\,lutI111l. '''l' 1.lbl!: 4. ':\Wf,lgl' f,'venue and ("crliil/.er U~l' cilkulalcd nn a productive aCre ba~e. 
'Average 'Soil loss calculated on a 700 series acre base. 

time and reSllun:e ,.'on,traints (,I' this slUd). these possi­
bJlitlt'S Werl' Ill)t avallahle lllr inwstJgalll111. ('Pllsidera­
thHlS lll' these k.inds are needed hduIl' mall), definitive 
~'(llh:lu~hl[lS can be dra\\1l with It'g,ard tD fertiliLer 
restriL'tIPIlS. 

Fntili/er ~ollslraints incre.]se averag,e ~l)i1 losses as 
\wl! as tlw variallllll in soil IllSS among \\atersheds. This 
JIll-lieates that to partially oCCSt't the negative revenue 
effects \,1' redueed fertilt/l'r use. higher s(lil loss crop­
ping patterns wcrt' hrl)ug!tt into the solution. This is 
.I h'gh:al result when no discllullting lor possible future 
yidd d~creases is USt'd. The gnJater part of the increased 
soil loss takes place on three SRGs, and because of the 
importance of these SRGs in the total makeup of the 
\hltersheds, all Sllillo$s computations afe affected. 

rhe SHI is increased thruugh fertilizer constraints, 
but tnthvidual watersheds are affected differently. The 
vanatitl[) 111 watershed indices is reduced considerably 
by thl' ferti!Jlet constraints. Linder unconstrained con­
dItions, the water$hcd with the highest average fertilizer 
use had the lll\vest level of spatial heterogeneity and the 
watershed with the lowest average fertilizer use had the 
highest. All ()ther watersheds showed a corresponding 
Inverse relJtillnshlp. When fertili.~er use is constrained, 
thb !l1\erse relationship is rcvl'fsed, Fertilizer constraints 
are helpful in achieving a more diversified landscape but 
tt',lI:il J pmllt where this effect is nullified. 

LAND USE CONSTRAINTS 

It l~ ft','llglllled that the actual imposition of land lise 
..:nnstraillts ttl achieve greater spatial heterogeneity is 
tdriler lltllHa\.~tkal. But a l1umL'fic meaSure (,f the spatial 
ht'h'Hlgellcit: aS~\ldated With IHher progrlllll nlternatives 
PWVtiit's ;lHlltht.'r way ttl appraise their value. 

The relationship between spatial heterogeneity, fer­
tiIi-wr use, and soil loss tends to con firm the hypothesis 
of those who claim that monoculture aggravates agricul­
tural pollution problems. A spatial heterogeneity con­
straint reduces revenue, soil loss, and total fertilizer use 
at the basin and wat('rshed levels. However, the impact 
of this clmstraint has a differential effect on individual 
watersheds. Differences among watersheds in average 
revenue capabilities increase even though the level of 
average revenue decreases 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 
usc occurs throughout the basin and the individual 
watersheds. Nitrogen use is the most severely curtailed, 
with lesser decreases taking place in the use of phos­
phorus and potassium. Individual watersheds also show 
large variations in the amount of nutrient usc. The land 
use mix constraint increases the basin's sm. But the 
variation of the index among watersheds is also in­
creased, leading to a more diversified land use in addi­
tion to 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 verified since none of the alternative 
solutions tested this possibility. 

Since only one of the alternate solutions employed a 
land use mix constraint in combination with another 
constraint, it is hazardous to generalize what other 
combinations would do to the SH[. In the one alterna­
tive solution where a combinatioll constraint or this type 
was employed, the index was higher than when the land 
mix constraint was used by itself. Combinations of soil 
loss and fertilizer usc constraints al~o produce higher 
spatial heterogeneity thall do single variable constraints. 
Table III displays the acreage ill each land lise for the 10 
solutions discllssed in this study. 
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rllble 19-ulOd lise al!rcage for the 10 solutions 

land lISl' 

No.1 I No. ~ I No.3 I No.4 I No.5 I No.6 I No.7 I No.8 I No.9 I No.10 

Corn ... -'" ..... 408,507 316,290 242,871 117,918 

Sorghum .... .. 1,693 969 596 120,661 


~ 

~ 

Soyhe,\l1s , ..... 1,694 597 597 17L.110 
Sm,llI gr,l\l\ ..•.. (1 186 a 0 
hlIe~t and 

ofl'hanl •..... 19,046 19,046 19,04(> 19,04(1 
Othcr (<Ind. ... 24,399 24,576 24,576 24,Q6 
IhlV '" .. . ..... . 0 93,666 116.8!lS 2.104 
!\Isturagl' and 

t ~1I1gl1 ........ ~ 1[J,161 IIl,9!l4 113.926 112,984 

SUlllmcr lathl\\ , 

1.'1l[\,Crvatloll 

\l\l'. MId I<lk .. , n 1!l6 0 0 
IntJl 	.. ...... 560.500 568,50ll $68,500 SbS,5lHl

'" _,.__ 1.., _,_,._~ ........_~ ___ ,_.____~__.___" .. 

I For a dt'st'nptillll of eaeh solution, sec tahle 4. 

COMBINAnON SOlL LOSS AND FERTiLIZER 
USE CONSTRAINTS 

Wht'll krtilver ;l11J ~lltl l\lsS ':ll[lstr,lints art' applit'J in 
':\llllh inatlon, a m\lIt' restric:tiw set 01 conditl\llls is im· 
Pll!iCJ \\11 the systl'Ill. As a result. the watershl'ds and 
haslll slww l\lWl'! net [l'turns. L\lwer net reWlllIe is tht' 
principal (I:H.k·,ltl resulting from the ll111re restri.:tive 
couJHbns. In general, the SHI increases with each more 
restrictive Sl.ll\ltl,lll, tllt'reby partially lltTst'tting some 
neg'llive traJNllls. 

(\llllhinatlllll krtililer and wi! loss constraints, whilt: 
fl'dudng till' leWltl!' the \ariahles. do Uttlt: if anything. to 
intl'f\\all'fShed t!irkreth':t'~. In ract. this combinatiOIi \11' 

ctl!1strainh frequentl: lllClt'ases differences a\lJOIl g. 
\Vatt'rslteJ~. The burden Ill' met'ting soil loss reduction in 
c\lInhina tl<lII ,,'( ltlstralll b was shiftcd aml)ng watersheus 
as lertililer use was changed. 

CO;\1BINAnON LAND AND FERTILIZER 

USE CONSTRAINTS 


C\ltnbining a land llli::'l. t:utl:maint with a low fertililer 
t:ollstraint bring~ about tilt.' c::'I.peded large reduction 111 

.. average revenue as well as in the amlllIl1t of fertililer 
used. Since tIlt' ['erliliter constraint i~ applied at the 
watershed level, ,)nly a small variatkm in fertili'l'f 
use alllt1l1g \vatersheds is pl1ssihle, Soil loss is lower under 
the l:lIlJ mi:o..·tertililt't USt' Cll!lstraint than in the uncon­
strained solution, hut the \-ariation among watersheds is 

. increased. Siucl' the land. mix constraint tends to lower 
~ soil loss and rertiliter c,mstraints tend to Incrt'use snil 

lo~s. the result Ill' the clHnbillntiml is approximately 
midway h~'twt'ell tit\.' c(It.'cts of the tW() constraints 

."-lert'S 

63.167 152,130 76,196 80,000 33,085 32,948 
174,364 80.000 41,309 106,670 94,788 94,709 
174.3b4 4S.ClOO 108,361 90,460 90.638 89,806 

II 45,000 () 45,000 18,138 18.079 

19.046 19,04h t 9,046 19.046 19,282 19,868 
24,399 	 24,J40 24,576 24.34(l 24,340 24,509 

n 45,000 183,894 45,000 100.000 100,000 

1 U.1hl 112,984 115,118 112.984 170.091 116,786 

0 45.000 0 45.000 18,138 18.079 
56H.5tlO 56!l.500 568,500 568,500 568,500 564,784 

applied individually. These two constraints do increase 
tht' SlIllllore than either constraint individually. 

In general. the combination or low fertilizer and land 
mi::'l. c:omtraints have a rather disastrous impact in terms 
of rt'venue upon the basin as well as the individual water­
sheds. Fertilizer usc is held at a minimum while the SHI 
is near maximum. This type of constraint combination 
imprtlVCS visual esthetics of the river basin and reduces 
potential water pollution from nutrient contamination. 
However. the major water pollutant--soilloss-continues 
unabated even though net farm income is severely im­
pacted. 

FLOOD PROTECTION CONSlDERA nON 

A partial flood protection program was considered in 
this study to detcrmine the efreCl such a program would 
have on constrain ts used in this analysis. Although the 
inclusion or a !lood protection program was only partial 
and rather conservative, it was discovered that the pro­
gram did little to alleviate restrictions imposed by the 
constraints. Revenue, soil loss. fertilizer use, and land 
use wore affected only marginally. Soil loss differences 
were more evident at the watershed lcvel but what dif· 
ferences did occur can be attributed principally to the 
way the constraints were applied and the changes in 
acreage needed to include the tloodwater program. In 
general, the consequences of tight environmental con­
straints are rather large, but adding a flood protection 
program to the problem did not provlde any significant 
ameHoration to the effects of the constraints. What 
minor evidence there is of program effects at the water· 
shed level is 1110re a consequence of the uneven applica· 
tion or tloodwater structures among watersheds than the 
result of the program itself. 
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Table 20-Awrage yields for the 10 solutions 

Crop ~~---r : I - ---------------Solution nUlllbl.'r l 

No. S No.6 No.7 No.8 No.9 No. 10 -~----~r~~~!-L:~-=-l..~LN<l.-I 
('llrll (hu.) .. " llll.ll-l IllH)b lilS.3X 112.60 116.94 111.26 112,46 109.28 106.28 91.42 
S<\r,:hull\ (biU .. 2t..2() 21U3 tol.NO 49.53 53.12 92.51 60.11 66.55 66.71 57.95 
s..'~bt.'jn' (bu.) .. 12029 X,-![l /l,40 27.55 25.87 34.14 32.77 31.76 3 L.47 28.82 
\\.hl'~!t (bu.) ..... / 211.1)(I 37.28 36.67 37.04 34.78 
.\1t~; ..1 ([J ••. •. .~.9.~ .~.t)7 4.1)1\ 3.59 2.S0 2.90 2,90 1.30 
LIIIlt.' h.t \ ( I) .••. 2.23 2.40 2.40 2.21._..•........:...•.••••.• __L.~__.~______.~___.__._.~-

1 I·or a 1k~t.·nplilJn 111 "Jdl ~lJllItJ\lI\, \,'1.' [,lbll"\. 
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APPENDiX 

PROGRAM 

Th~ lin~ar program (LY.) us~J \~as LB~rs ~lPS/J60. 
Data on yidJs, fertililer use; snil loss, anJ net 

revenue per a~rt' w~n~ ~eveloped for all SRG s. The per­
~entage of ..:rops within ea~h rotatillll for tile spatbl 
hetewgeneitj ~ategories waS also expamled tll all IVater­
sheds and SRt;s. 

MATRIX GENERATOR 

The variou:> types of Jata must be in th~ pfllpet 
fllrlllat fllr input to the L.P. Ntl ":JkulatioI1s w'!re 
required sin..:e all input data wer~ previousl! put inti) th: 
pmper e\)eftkknt fortH. The following arc types of 
jnput: 

Card A: 	 Aercs hy Watershed, SR(; these are th~ 

right-hand side (RlIS) of th~ aere rows. 
Card 8: 	 Yields, Fertililcr llse, and Soil LllSS by 

WatershelJ, S R(;. and Crop -these arc the 
~ell values f\)f the pmdlll.:t rows. 

Card R: 	 r.et Revenue by Watershed. SRC;. Crop 
these values are the ":l)em~ients of the 
oble..:tive fundinn which are to be maxi­
miNd. 

Canl F: 	 Pnldu~ti()n Goals pnJdu~ts indude ~rop 

produetillJ1, fertililer totals. and soil loss 
tlltals. Thes~ produ.:tillll goals are the 
RHS s of the produ~t rows. 

Card :-.t: 	 Rlltation Per~ellts -for the calculation of 
the SlIl. etlefl1cients (p~rcentages) arc 
needed to :dloeate rotations to the nine 
land use eategories. 

Card H2: 	 l:h)unds OIl l'fllP Acreages absolute acre 
lower anti upper bounds are speeil1ed on 
individual ~rops. The speeitkation of an 
upper limit but a lern or blank lower limit 
results in a lower limit of lert! acres. If the 
upper limit is left blank. the upper limit is 
inl1nity. A lero in the upper limit results in 
a lern a..:reage upper limit. If IlO bound or 
limit IS desired, no ~ard is needed. 

DESCRIPTlON OF MATRIX 

A generaliLed ~chcllle of the matrix is shown in 
appendix table 1. The rows and colulTls have the 1'01­
lowinl! interpretation: 

Rows 

ObJe~tive function - maximile revenue. 
Lllld use - equality - total acr~s in a watershed. SRG. 
Produ~ts - crop production - greater lhan or equality ­

rutations add variolLs amounts to production of products. 
FertiliIcr use - greater than or less than - fertiliLer for 

three Ilutrients will be acculllulated for eaell watersh~d 
and th~ total basin. Initially. tltis is greater than zero 
RHS. but is later ehanged to a less than RHS. 

Soil loss - same as fertiliLer use plus an accumulation 
of tons lost by SRGs and by watersheds. 

Spatial heterogeneity eategories - greater than or 
equality . 	 this is a summation section for later usc in 
calculating the SIIf outside of the program. This accum­
ulation is made for the nine land use categories for each 
watershed and for the total basin. 

Columns 

There is only onc typc of column. Each column 
represents a watershed (W), SRG (S), crop (c) combina­
tion. The watershed-SRG possibilities (65) are derived 
1'1'0111 eard A. The crop possibilities on these acres are 
derived from card B. There is no initial or current crop· 
ping pattern other than the constraints placed on speci­
fied crops through the 1-12 bounds cards. 

Rl1l1.~ 

[n the initial run, all row types except the land use 
section were greater than or equal to zero. In subsequent 
runs, the 	rOw types wcre changed and RHS constraints 
were applied. Parametric ranging was also used on some 
of the RHSs. The acti,;ty coefl1cients were not changed. 
A revised 	 procedure waS used in making subsequen t 
runs. 
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Appendix table 1·- Environmental linear program model, abbreviated exampler ,S,C I I ;, I' Ie, -;;;;,;-;;:;r w;, ,e, !-',s ;,:, :-11 ,~,e,1" "1IIIS,C, I Ro\\ RIIS 

'~'. .__•...-l.~____i _ ... ____L ...~_-l..~___i __.__~ typ" \-alul' 

.\Iax rt'vt'II1I" ! 
I 82. 1 ~ :2.41 75.':l4 l!2.1~ 72.41 74.S8 69.49 ;~.... II,

LI1IIJ ust' I 

!WI·S ,\.:. 
\Y),S I 

I '\c 
p..()Juct~ ~it'ld> ,I ,

t\'In t 1" ni 122 II" ".., Hu 

\111" 122 JIl 112 29 .....> 

' Uu 

Ik..tn, III <J 
 Bu. 

4{t'rtili .. cf' 

Dill llill 14" 1Xo 145 ;;;... Illhs."I·N 
\\ I'P .'1' 3tl 2S .~II 2R -> 1IIh, . • 
W1,10- II h f, .., .... ' II 11'\. 
W,.>< 18li lli(l ;::.-

-, IIlh\. 
\\ ~.1' .10 30 [llbs.

~? 
II Ihs.\\;.J,. h tl ~ 1I11,\.[,~tll, ~ UII' IHtl 14:- IHfl IHO lSI! 145 ~ (lib,.

1,'t.lt. I' 311 ~p ,;S 31! 31i ~p 2x ? lllb\
I.'ul. J,. h to h n n ~ n Ills. 

\01: lu\t;. 

\\1 554 5.54 5.IlS 11.75 12.4& ~ (I Tnn 
\\ , :'.54 5.:'4 ~ !l IIIH 

l.~t..ll 5.:'4 5.8H 5.54 -,
5.54 5.54 11.75 11.48 ,;:-- II TUIl 
WISt 5.54 L4 5.8R ~ () Ton 
\\1 52 11.15 11.48 ~ (I Ton 
\\~!i 1 5.54 5.:;4 ;:;c (lTon 
51 :' 54 5.54 S.l'll! 554 5.54 ;;? n fon 
$, 11.75 12.48 ;?: (lTon 
Sill 

\\I,U l 11 so .5 ~ () Ac. 
\\[.Il 2 p .2:' I) .15 ~ OJh.. 
\1,.1·lT~ !' II .25 I) Ac.II .15 ~ 
\\ 2' U I ~ {lAx. 
W,.Il , (I " (lAc.~ 

(J A~'.\\~. U ~ Il (t ~ 
T')lj!, U'I (l .511 !l .5 ~ 

OAc, 
(J Ac.T<'(<1I. It·, (I I .25 II !) .25 ~ () .\c.

r"[Ji. Ltj " U .:!5 (I (I II .25 ~ o Ac. 
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,\p['enUl'\. table 1 Description of soil resource groups (SRG 5) 
-T 

SRt; 

Ih'e\,.II<\ul, kvd, \\ell dr.llllcu ~llt\ '''Ih "II 
b,'tt.lmlamb 

11.:,'1'. 1\\'lhlr.IIIl.:,1 h' ,,11l1':'\ hJt [''','rl\ ur..lUlcd. 
,11(1 to k'll1I\ wlh ,'II h'th\lniand, ,uhled h' 

tI"'ldtH,: 

lkq', !\1:Jrh k,d .:!..l\c" tll1<'JIIII nWUcfJt",1\ 
\..I11l!\' _.r ..l1J..Jll WIt- "Il hllt<llll1.m,l\ 

Ill:",!"11,\11(' \"\,,1. "'HI,'whJt p"nti) I" ,,'1\ 
I'••,.th .Jr.JIlI"\!' ,1,111." ,'( 'lltl \Olh ,In 
h'thlllliJIl<h 

1).:,'1' t.- ,lull"" Ih.',nl\ I,'",! to. ,'<!n! h ,1"I'tIl;'. 
'trJUll,'.\ \..Iu.!' I" d.\~<'\. (r<'«il,'nth 11.\.·d,'d 
"'II, ,H, !"'lhlm1..UlJ, 

11t'... ". m'arh kh'l. \\dl ,Ir.ml",d k m"J,'utd, 
\,.::1 dum.:d, \JIII "'it- "n llpiJn,!, 

I\.:.:\" ,,'n ~enll\ ,\I'pllI'" \\\'U dlJI:wli. ,Ill} 
"'Ii- 1m UI'IJI1<h 

lk.:\', ne.nl\ k\.:I t"':"'llll\ ,h'l'lOf',Il',lillY 
"'Ih "11 upiJnd, 

[k"l'. w:.uh Ind. IIh1,h!rat<:h ,\dl dtJIIl':'I. 
,tltl wlh \\ Ill! ,1..1\':\ 'llh"'lh ,'II upl.md, 

llt.'<:l'. h't< ,~<'ntl\ ,I"pm:; h' \1f,'nd\ ,I,'!,ulf~' 
d""T and !1hl,kr.ltd\ ,k"·I'· ..tin aud ll'JIll\ 
"Jlh t.n 111'1.ln.l, 

Ikl.'l'. BtI,d"fJtd, ,1>'1'111;', \llth ..1\ ul'IJmI.. 
\\oItll ,!It" 1< ••1111\ \llrlJ ..,' IJ~cr, Jllll clJ; t;'~ 
..Ub\\'lh 

\1<:"1', \cr\ ;~l1tl\ 'h'I'II1~~ ,If 1I1\IOI.'['ltCI\ 

,h'pm:'. \\.:n JIJlI1.:d h'JIlI~ '<lih ,1/\ up[,IIlt!~ 

lkq' _'r 11II'd~rJtd\ Jc~'l'. llhl.lctJtcl, .\lId 
~tr,'n;:C1\ 'It'!'in~:. \\ dl JIJIn.:d ,lin ",ib ,HI 

uplJnd, 

741 	 [J""I'. !lWdCf,ltd} ,Itll'm)! "f ,tt<'Il!!b ~I"p· 

me: ",\.:e"lv.;h .Ira\lw\!. sand} Jnd h'JIIl~ 


\\llt- ,'It up!.lIllh 


llc~'p. ,n')II,:I\ ,[,'pill" III 1I111derJtd~ ~tc.:P. 
\\ell drJlIWd, ,lit' pr h'JJI\} \\llh ,)11 upl.lmh 

Il".:r. \tr.\n~h ~ll\i'Jlt.'! hI 11l11ut.'TJtei\ ,t<'cp, 
\\ <.'II \lrJtncd It, t.'\,c"hd) dram.:,!. c'i.wd} 
.\!l'~ l""\lll\ "'Ib ,'11 ,lplJIlti-; 

Sh.llJ,,\\. \,'{\ !!.:ntl\ ''')l'lIl~' t,l IIwder,ltd\ 
,1.'1'1'1': 1".IIlI\ ,,11i1 ,111 llpiJnd~ 

l!~':i' "f llh',kr.ltcl\ dCl'!', 1l1ll<!cr.J[.:h qo.:o.'P 
.1( ~kq', ~t1t\ "f i<'JIn} , l'\(\'\Slv.:l~ drJined 
\"1" .'11 Ul'iJllli­

\\JI,'r ~lIih ; S},lpe 

(",It. ~;ibbllJl. Lcsh.JI..l. 
Wallll. \k(\hlk 

SJhllc "r .llkJl! I'hJ~l'\ 
"t "'lb ,111 h,twmlJnd 

,\lll.lhllt. LUhHl, \VJb.hh, 

I Jllcr ,lrJUleU 

Ih.!d. Ha'tlll~'" Bell<\Il', 

Ih,!o.:'. Hall 


\I.",u\ , 1I,I,tln,: ... Keith -' 
1I,'lorl.'pc, 1I"IJ.:n 

Ail.....:. Ans.;!IlJ\l, 3 
Ortelli.: 

\h•••d} • :-;or,l. Il;J\ting.., 

Kt.'ith, Ih,JJrt.'d)!l', 

AlIi.mee. ,\llvlJn 


P.lwnc.... Wymllrc 2 

llJ}Jrd • .B/t!ndllll. ChJp­ 3 

\,~11. (;/t!llhcr)!. ([er~h, 


Keith, ~likhcll. \1<1<ltl) 

Orteillc. Asclmll 


12 

Anselmo, Allee, Ba} aru 6 
rhunnall, V.lkntinc 

(\'\). ('(l!b>. Nora, IS 
Cr<>lloll 

VJlt.'lltinc, fhuTIll<ln, 10 
Ansellllo 

CJnhJl1, Cally on 8 

(\11y. Colby 24 

I me • ~Ht> 

nile - ~Ilty 
Jild ':llJrs~ • 
iO..lm} 

(\IJr~C • I,larny 
III tll1~ 

luw 

Sanu) to 
eLl}CY 

line· silty 

.1lId rine 


I inc· ,LIt> 

(\)ar5~ ­
1,lamy 


I· im' 

Fine - silt~ 

and tine 


Fille' 

Finc - siltr 

In "'Oa[5C • 


k)Jmy 


hnc - sill~ 

Sandy and 
.:oarse ­
loam}, 

rine - silty 

Sandy 

Fine - loamy 

Fine· Slit} 

Sh)lht. ~ll1Jll' .Irea, 
~\lblect hI l1oodtn!! 

Oe.:a\lOnall1oml­
in)! 

Saline Jnd Jlk.tli 

Wetnes~, subject 
hI n~l\IUlJl!! 

Sub].:,'t hl t1l1od­
tUt' 

Slig.ht 

hosion 

FroslOn 

Droughty, hig.h 
cia, contcnt 
5ubsoils 

Erosion 

L-rosion. droughty, 
high clay content 
subsoil 

Frosion 

Fro!>ion 

Er()sion 

Erosion 

Erosion 

Drc)".;hty, shallow 

Erosion 
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'\pp~ndix table J -Corn )·ichl response from fertilizer by SRGI 

High 

Bushdv pcr I1fTt' 

511l .:I '.9 66.5 /{S.I> 1).tO
522 . -10.0 55.5 71.1l Il1.O 
534 295 41.0 5~.q 82.0 
$35 33.1 46.!l 59.3 92.0 

~ ~56::! , .. .. 13,3 IS.5 23.9 37.0 

710 ....•..• 4.1.9 61.0 78.7 122.0 
720 4104 57.5 74.2 115.0 
722 ..... .14.2 47.5 61.3 95.0 
723 .... , 30.6 42.5 54.S 85.0 
7J(P . , 3b.O sO.n 64.5 100.0 

... ~ • ;0. • ~ " .. 731 32.4 45.0 58.! 90.n 
732 .... _. 33.1 46.() 59.3 92.0 
740 ..••••. 21>.8 40.0 51.6 800 
741 ............. 25.2 35.0 45.2 70.0 
7M.I ' ........ 18.0 25.0 32.3 .so.n 
701 , -. ..... . Ib.2 22.5 29.0 45.0 ., ,764 . -. ~ ..... ~ . 4 .~ lllO 12.9 ::!n.o 
771l " _ 12.6 17.5 22.6 .15.0 

I See "'pl.lIlatlon "f SRGs in previQus table. 1 f/w ha~e Yield 
til[ (,.I,h ,,:wl' .wtl f(,fuluer leVel In tIm stuu)' IV.I, ,et eqlllv,llcnt 
1\\ th" estim.l(eU \Il:lds ('n SRe: 73(1. 




