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P oduct1ve lands providing food and fiber for the ba is foe 
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the desirable use pattern for soil, while soil particles 

moved into a waterway form the undesirable or pollution 

aspect of the soil. ErJsion represents the movement of tbe 

soil particles by vater or vind from their prasent position 

to a different location. Erosion also interferes vith the 

utilization of other resources in what would be considered 

their normal pattern. substances such as ammonium nitrogen, 

phosphorous, and potassium fertilizers and many of the pesti

cides are attracted by the soil particles and become fixed io 

a form such that they bec~me less available to plants or the 

pests at which they are directed. These substances are 

transported in this bound position as the soil particles are 

eroded from the field andcan be released later ~ta nav loca

tion as chemical conditions change. 

Probably the m~st aoticeable effect of soil erosion and 

sedimentation is the gradual destruction of lakes as tae sed

iment is depositei near the mouth of the river and on the 

bottom of the lake, gradually making the lake smaller and 

more shallow. The degree to which sedimentation occurs is 

related to many factors associatei with tme s~diment carrying 

capacity of the stream. Each stream, depending on its energy 

balance, possesses the capacity to support a specific sedi

ment load. Any factor altering this energy btlance results 

in the supportable sed iment lodd =hanging. 



he 0 

0 1 e r , i 

a La C 0 ol 

-

t l.. g 

0 f • av e C ro -
C e I C 

r e 

0 - 1 g t 

e e 

1·ng 

h 

0 

e 

p • V C 

a e · u c o 



6 

faction received from tbe reduced level of se~ime tation ani 

the change in cost, if ~ny, of co modit es prQduced on tbe 

land. 

Legislatio aimed at soil-loss control also must coosii 

er any interregional tr&de-offs 1m resour=e use and income 

generation as t~e production pattens shift to those lands on 

which e osion is most e~sily controlled. The intecceg1onal 

shifts can represent trade-offs in regional comparative ad

vant,ag ,e ,as far -- ers in affected regions adjost to1 the estri::

ted production possibilities. The i traceg1omal shifts cep

resent trade-offs between lands which have different suscep

tibilities to erosion and the degree of influence of the 

erosion-related factors. 

o· str1.butioo Of Erosive La ,ds 

The distribution of lads sos eptible to erosion is sun-

marized in the Rs.t.A:.2D.!! __ 1!.!.int2.~I.-Q.!_§.2-.1!_!Qsl_!!1t[_~Q!!§2£:!!

!i2A--!i@.9J!&._12.6! C 3). Th1.s study, conduct ea under leadership 

of the soil Conservation Service with other glvarmment agen

cies coopecating, inventoried r·vate land of the on1ted 

States ad classified with respect to its present se and tbe 

type and degree of use hazard ost predo 1nant based on a tvo 

percent sa pl of the 1967 pr·vately-ovned la~as. The inveo

to y cov rea 1,Ql8 million acces in the 50 stites, of vhich 

30 percent vas classed as cropland, 34 percent as per anent 

pasta e and rangeland, and 32 percent as fores la i. The 
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1a 1 S mmary o eros·on po ential by and class on p iva ly owned lands in the United States, 
1967 

ad cl ss and 
eros · on po ·· e I a 

and -II 

os on dominant roblem 
To 1 lad I-II 
io of to · al 

Land I -I 

rosion dam nan pro lem 
Total land III-IV 
% o tota 

L nd V VIII 

ro 10 dom ant problem 
To al land V-VII 
% of total 

Total all land 

E • do inant prob! 0 10 m 
Total and I-VIII 
lo f tota 

So ce· N tional 

Cropland 

903 0 
2235 4 

40.4 

116277 
· 91450 

60 7 

14108 
22600 
62.4 

2207 
437584 

50.4 

tor:y (3) . 

as r 

22460 
47135 

44 5 

94370 
130 08 

72 5 

155225 
304634 

51.0 

272055 
481877 

56.5 

(000 ace 

28736 
62849 

45 7 

83325 
72881 
48. 2 

146418 
363378 

40.3 

258479 
599108 

43 1 

a/ 
- In ludes fa mst ads, roads, and other land ot in crops. 

Other 
land.!/ 

5844 
12269 
47 6 

7465 
16420 
45.5 

5067 
27528 
18 4 

18376 
6217 
32.7 

Total 

147370 
345787 

42.6 

301437 
510859 

59.0 

320818 
718140 

44 7 

769625 
1574786 

48.9 
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land acreages im the 

sma l proportion of the tota laojs in tba e =l~sses. in i

ca ·t1ng tbat farraecs ten not to far the"'r: n uited lana. 

Table 1 also indicates th~t not a land snited for co - plete 

o limited cult1vat100 1s so used. over 44 · lioa acres Jf 

lan in classes I through IV vere not in the cop and uses, 

as co■ p,ared to 41,5 ill100 acres vbich vec-e. Of the 1,575 

million acres nventor1ed, 770 ill1on a res or 49 percent 

bad erosion and soil loss as their ao- 1 ant snage ent pcob

le _. 

THE, S UD! 

This st dy is one 1n a seqQeoce carcied amt by the 

Center for lgr · c:ul 'tu cal and Rural Deve , op en t relating 'to ag 

ricllltui:al polircJ, 1nco e,, and re -oui:ce use. The reseacc'h 

upon which it is based 1s de _ igned pa -tic larly to evaluate 

possible trade-offs im land use and to deter 1ne i , pacts of 

leg is lated restrictions o,n per 1ss1.bl soil l:>ss in terms of 

the -hanges in ■ ate~ aDd land use, production patterns and 

technology ·n agr cult re, and direct c sts t, society of 

the -,e changes 10 ter s :,f pc 1..ces f agriculto.ta.l com od1ties. 

Te model m st incl e tbe proper vari bles aid restca1 ts 

and be des· goed s 10 that the ,pecified objectives can be et 

given the set of a su■ pt1ons vithin which tba ■o el 1 to bs 

op ated. 
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Objectives of the St~dy 

The study is made to evaluate iapacts in the agricultur-

al sector from possible imposed limits on soil loss allowed 

through sheet and rill er~sion of cultivated lands. The main 

questions it attempts to answer are: Does agriculture have 

sufficient prodaction capacity to meet domestic and export 

demands and also contribute to improvement of tbe environment 

through reducing the qu~ntity of sediment discharged into the 

nation's waterways? I£ so, hov far can environmental attain

ment through reduction of s~il loss from agriculture be 

carried while food demands are met at reasonable real prices? 

What interregional changes in crop and livestock production, 

land ose, and water allocation are posed as different levels 

of environmental improvement through soil-loss controls are 

attained? 

Part of the research involved developing a model capable 

of implementing the analysis posed. Such a m~del must 

encompass the major c>maodities, resources, and interrela

tionships of both the agricultural sector and its individual 

land and vater re~ions. rhe land, water, and other resources 

must be defined in such a manner that they exlibit the cbar

acteristics inharent in the interrelationships of the analy

sis. In this study, these interrelationships center acound 

the concepts of soil loss and productivity differentials of 

I 
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s1.m lates a fre acket for commodity sales and resource pur-

cha e. Technology is proJected on a trend basis in allowing 

for cages in livestock feeding rates an y eld pee unit ~f 

1.np t for crops. 

The ·nternat1onal trade sector allows increases in 

imports proportionate to the population ·ncre1se. E ports 

init·auy are he d eq .al at annual 1969-71 levels. In a s . c

ond st ge of the t~dy, e pa ts a e increased and t e i pl1-

ca o s of ncrea e demand are evaluated. p - pulation 

lee f 281.1 mi lLon pecsons in the c ntineotsl Oni ed States 

is assu e for 2000 ne leYe of per ca 1 a income project-

ed b th Bure f Eco om c Analy ·s (30) 1s used i~ evalu 

a i gt e ncom_ effec son co sumption 

A summary of be modes val ated 1 given in rable 2. 

Pou odes a e ass ca ed ■ itb soil-loss analysis and a 

port eve s. 

e so tion ana yze rep esent a fLn t - umber of the 

com lete se f po sible alterna iv s. It s hope ha 

. 
toe pre e ted wil llov ide 1 l.C LO of trends an 

r de-offs vhicb eed t~ bee a 1 e ~hen controls on the 

er acre level of eros·on are considered for legislation. 

The mod ls allov eva uation oft e effec s of the soil-loss 

res . ra n t epacate fro c anges 10 the de and level. Then 

e o u ions for higher export level gLve m indicat·on of 

th effects of increase demand levels with "alread i posei" 



b 

d 

C 

_I 

s b 

C 

g 

r 

s 

5 

5 

1 

1 

l 
V 

7 V 

" 

71 
6 -7 

I 



14 

THE MODEL 

This study is made by means of a linear programming 

model developed for the nation encompassing 223 producing 

areas, 1,891 land-resource groups, 51 water regions, and 30 

commodity-market regions. A model capable of analyzing the 

major effects of proposed environmental rastrictions on the 

agricultural sect~r must allow enterprise, resource, and re

gional adjustments. Interregional shifts in production occur 

as the regional comparative advantage changes, as is indicat

ed by th€ broilar industry concentrating in tne Southeast; 

the cattle feeding industry, moving south and vest from the 

Cornbelt: and soybeans and sorghum grain bein1 intr~duced in 

areas where technology in tbe form of agronomic practices, 

improved varieties, and/or economic forces have altered the 

production possibilities (34, 35). 

The basis foe an interregionil model is the definition a 

number of sets of regions consistent vith the characteristi~s 

used to describe the resources, production possibilities, or 

form of interregional interaction desired. Within the appr~

priate regions defined, restraints are imposed on interac

tions among (a) resource availabilities and uses an:l (b) co:n-

modity production and demands. Also, activities or variables 

• 

• 
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ts of vei ts ba ed on rele ant data relationship a 

u e to tr nsfer ta from be regions io Mmi~b they e a 

- ·oed 1 to be cammon re ou ce o prod cio 3r as v e e h 

a r - u e the mod oc in co bination wi bot er dat3 

o ener te •coef t·_c· ent to be -ed o the moiel. 

areas, ----
Fi uce 3 · .d·ca e · he 223 pro uc~ng areis usei · 

• Th sea eas are b se n county a pr01i at1~ s e 

a -. e e .s urc,es, co oc· •s 2'06 subar ·eas (36 11 difi -· to be 

cons·s ent with the water pply reg ons an the rke e-

100s. Each pr:, u•c · ng area is an aggre atLoD. of c n ti~uous 
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farm wate£ use n each 3 these regio -. 

onti ous pcod cing areas are aggregated i to major 

m r · et · 1 g a . ea s of he • ni e States to g ve t e 30 ark ,et 

re ions fr t e odel, Figuce 5. Mar et bal ice re tra·nts 

111• th. re e · 1. e thes cegio for he major commodit es. 

ac reg o as a city~ ich secv s a h b ~n thee istin~ 

ion network 1 cl ded in tbe ode. e 

com odity transpor section of he model uses thee centers 

as oin s b teen which cm o i~i s are av 3.S the pt'oduc-

tio pattern adJusts to each region's co parative ad antage • 

. ctivity and Bes~urce Bestca nt oefficients 

Activities, n the cont t of this linear program. serve 

as the echanism w ereby production alternatives, com odity 

utilization, and transfer sy tems are incorporated 1 tote 

m d.el cti ities are used to simulate he dead nd supply 

po ib l1t1es oft e comm~dity and resource m rkets which the 

model co verges to an eg il1brium. The c mmo ·ties ·n lu ed 

ar: the grain - barley, corn, oat r sorghu, soyb ans, and 

whea (both total and spring. the cash crops--cotton and 

suga beet; the roug age cop --legume h~y, mooleg e - ay, 

an silage; and the 11 estock produ ts--f · eders, fe beef, 
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mil pro cts, nonfed beef, and pork 

re rainimg the m,del i cue land by eros on class, pasture, 

it ogen ferti izer, and ater as vel a t e prev ously 

listed c mmo ities (which serve · whole r 1 par as inter

med ' ate r o rces in the product·on of the f nal dema d eom-

mo es • et ring to p · g e 1, the int ra~tio square 

with 1.nu • -ig i dicate vithd aa¼ls rd mand-creat1 g vaL-

1a les, a t e ~ ·t1ve 1gn cep esen prod ction or 

upp -creat·ng var·ables. 

h section tl ne each of the major in eracti n 

group - , desc ibes the assumption ~ surrou 1ng eac, an 1.ndi-

'ates h wt ey i terac with t e other sectors. The initial 

three gr ups re, in general, deman generating; the next two 

are com odity produc ·on a ternati es and res~urce availabil

ties; t ey a e fol owed f .. . ally by the tra sportation and 

transfer group of activities. 

Ti gro . p of activities represents the interaction of 

the consu er an manufacturing sectors of the economy wit 

the a r1cR tural sector. on activ·ty is def ned for each of 

the producing ares and is of the form L(i}<N(), wbe e N(i} 

1All commodities except spring wheat, cott n, ~n sugar 
bee are balanced a the market area level. T ese three 
c mmod1t1.es have natio ,al markets 
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o u - t oo-indus · r activ t 

n e cb oft e 1 wate -
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t ··v1 e • 1 , el - related to t 

s, ganer ts a 

ly reg ons t ,o 

d for 11a t 1 

fl ct the .10-

er demand or ■ a er o na i _ a ion, vetl n , . nd o .her 

o ·te water-con oming 1 ct"vitie. T on t · . em - r w -

te,r reflects se ver a _d a ove the le el 10 1969 ,-.e.r 
t e 1969 level of u. e s not p t o the ca c 

s pply . • 

av i 

b1.s secto a · the o . el a j st t e co, odi y - e nd 

o eflect fo e ' g trade. or t e ba e el. ta of 11 

om odities is h 1 1 t e 969' 71 ann ~ 1 ve - e _ t tr e 

leve, abl 4. Tr - level . fo Ill o ucti 

ao de and e og as to he o :e • 
1. e., r i er s. u e . , 

an eggs a e spec1f1e by a j p ojectei per · apit 

u·re ent by n ount e ual to tbe 9 9-71 pr c 

por · ema for c~ n, sorghu • barley, oat, v e ' 

le 

n oilmeal - a e oca e a he market r 10 s p ort on-

at,ely ta he aver ge e p C 0 e ec iv co modity f 0 

the por 1 e re 0 0 er the 96,7 ' 9 r1.o (2 a. 29, , 

l • F r C od ti.es 11h Cb, ha e a D - ort I la C • th 

al port 1 alloca 

to e projecte pop lation. 
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The two solutions for the expanded export ~nalys1s have 

exports of car. sorghum. barley, oats, wheat, and soybeans 

t twice 1969-71 levels and at three ti es 1969-7 levels. 

In the expanded trade m~dels, no aajustments ice ma e in the 

net foreign tra e position of other commodities. 

Table 4 Net foreign trad,e of the commodities sed for the year 2000 

Commodity Import Export 

Corn 626 333 
' 

thou ,. bu. 
Sorghum 126,666 thou. bu. 
Barley 48,666 thou bu. 
Oats 16,179 thou .. bu. 
Wheat a/ 658,719 thou. bu. 
Oi 276,407 thou. cwt. meals-
Cotton B 3,306 thou. bales 
Beef 22,453 thou cwt. 
Pork 3,349 thou. cwt. 
Dairy products 4 ,, 661 thou. cwt. 
Bro,ilers 295,416 thou. cwt , .. 
Turkeys 44 ,, 162 thou. cwt. 
Egg _ 68,699 thou. doz. 
Sheep and lamb ,647 thou cwt 

,!/Oilmeals ar express d as soyb an oilmeal equivalent exports of 
beth meal and soyb ans. 

Three activ:ties are used to simu ate expect changes 

1n water availability -ue to interna ional water agreements. 

They represen th increased trans fer of 1. 5 ,1. lion acre 

feet of water o Mexico from the Colorado River according to 

the ex·can treaty of 191.J4 (21), an 1.nc ease :,f l.15 th ·u and 

acre feet in the epletion of the Milk River by Canada (15J 

and the transf c f 1. 1 million acce feet fro the . 
1.s our 
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depen ed on the h. stor1 (1964 and 1969 C~!HH!.§._2L!9.~i£!!!-

ata) si ilarity of the production pattern of 

adjacent producing areas and the character1 tics of the crop 

whic my a low it to be rown on land of different produc

tivity and ma agement regui e ent. 

ProJec d water requirements for the exogenous crops 

grown int e propriate prod cing areas were subtracta fr~m 

total water a aLlable fr use in the respective waters pply 

region. T us. e og nous cro shave pr·oc a c~ss to vatec. 

Most of e e ogenous ccops repre en ig vala cops or 
• 

those grown un er c nt. ac a .d hich ge e ally can bi vater 

a ay from endogenous gra·n ~nd ro ghage crops. 

Nitrogen fertilizer require ents for exa1en us er ps are 

projected to 200,0 vi th a determination of the total reguire

ment ma e for the prod cing a ea. Th·s q antity is then in

troduce as a pee- .al t100 eficit representei by the right

hand -1ae of the nitroge restraints in the nitrogen markets. 

Lives ock in thee ogenous agricu tural production 

secto inc udes broi ers, e gsr turkeys, sheep and la. bs, and 

ther small ani als (k rses. m~les, ducks, gease. f r-beari g 

·mals, and zoo animal). The rations for each of he live-

s ock ca egorie ar deter ined as out Lne 1[1 !9.[!.~!!!.tJ!t:.ai 

i!!.~~-Dem~n.~~ (9) and give the g nt1 t .Y of each of t e com-

odit·es re ired per unit of he livestoc lass. Ex ept 

for the oil eal coeff1c1 t, these q a tit1es epcesent a 

' 
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direct ea do the releva om o .1ty ma.ck • 01 lmwal i . 

a ted to repC'e et net e a·nd for: b ·.g h pr ote1 feed b · 

mount of hi h prote·n . a ma pr -

d a byp od c t e la ' gh er o the 1ves, oc class • 

The method of calcul ti g the . 
nim rote pro uc o • 

outline n Ap n iz 2. Per unit water r qu ce ents, or 

t ose area where water restraints a e efin , 

by 1 vestock cl s 

The q a t·ty of nitrogen-e 1 alen wastes produc by 

eac of the cl - -se o 1·vestock i det rmined an forms an 

interaction v th the fert"lizer nitrogen sec · • The 

uantity of fert .lizer-.e·g _ · - alent wa te fro roil • S 1S 

ter ine as a l · n ed in .pp,e n ix 2, an a comp rable , c- cl C' 

• .1on o itro em wa te is calc lat - o the o her o 1 ry 

classe base · on fee c nsu "ty p 0 

relative to broil r -. heep an · la e a cu. a · d 

from the coef ic1e .ts of h- other 
. 

mi nts, s 

ro ction per u it o l.t · t ( p endi 2). • o · 1 oge 

waste is ssoc~ate with t e oth r ve ock - ate ocy, 

e t er the eza t 1.:1 f t e se 01.mal r va pr u tio 

da a or th ar:e ant i ,e • 

Th crop pro uction ect c simu a s coduct on of 

so ghu, ha ley, corn. orn s11 ge, cotto • gm 

n e u e _ 1ay or pa,stu . in rotatLODw o t • o um s11 . g, 

-
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ybe , s · e et • a wheat · o ationa com inat ons 

• w·th the rod Ct- bil1. f tbe con 1 on po s es reg1.o 

Te e 1.e I e ne by ot produ .l. ea n lan · 

re n n alt nat cro se uence , llage and 

tic and 
. ltu on e r1ga e a y n ag1: C 

• .. 
ti f • u 1 0 ]_ ' (l ove ors repres ~ n 0 e ,_. 

t · v1 . -fer re t t , y a era .l g manag e ys em 

E of t od u fo 
. . 

C e e y m es com 0 e l.D e e i.a e 

0 fin 1 a V h .. e ul ao Oll ly er a J.. - ema for 

ni ro , an I l. n 
' 

the west -vat r. 

I compl te ef i of t 
._ 

nt y 1ng on C opp1 g m a 

. 
t 

. 
and f • tor must be y em , many 1 ra i:>n en in a 

• Pi - 6 line he inter . 
f the oil co l. ere • re C 100 

ch rac rist·cs, C DO gy. aod t e na C 1 fac ors 1 e-

te 
. • t b 

. te and t Jie ir l. in e p e cc:>p 1ng aoag -men y 

r-e tin -oe ficie 1 cha.rac 
. 

t • 
• e er1 cs re 1 e e-

. . 
of t engt . radient of t e 0. 1. the r ina ion e s 0 ,a 

phys·c mak of the soi 

n t 

(det rmining ·ts e c ptive 

cla s f ' ctio ), atural fert1.lit 

oi. The at ral ib1li ies ioclu e the an 1 n 

,a . 1 tr·b t 0 0 pr C1 p t tion a d t e len t of e 

. by h f fre The g OVl. g a e e . De 0 per 

f ct t echnolog·ca . • r C m 1 Ill. e po l. l. e • llC 

ro t · on m . bod n the e -PO e f ctio a u tiClg fC'Offl 

fe t1.liz 
. 

I c om r 1 an pp 1..ca D - • genel:'a · , 

e 

!.S 



SOI L VP E 
-

SLOPE GRAD! NT 
so 

PH s CAL 
LEN TH RAC - ER s ICS 

I TY LA ND us ) 

I PROOU C L ACTIVI y COST w IBLE 
OLOG C CROPP G y y I - D 

-

LI ES GE E 

SY s [ AC IV I TY S, IL LO s I 
GE PRAC CE 

fA C IVIT BA 

y 

RA URA 
1PO'· LI IE 

FROS PE OD 

• che t 1 o · 0 ' C 0 

e 



34 

the da a develo met foe the model vas d 4 vided into three 

closely related steps. The first, the complete efinition ~f 

the alternative ccoppin anagement system, the as ociate 

crop, tillage met ods, conser at·on practices, and resulting 

soil oss, req ires the largest amount of dat:l handling. rne 

seco step in the complete definition of the system repre-

ents 

of all 

evel pm nt o 

he fact r 

he ri lds incorporating the 1nfl~e ces 

assoc·ate with th~ cropp·ng management 

ystems. Th t ' ird ·tep · nc lud.es e vela ping cost c eff · -

cients c nsis ent wit the above vac·ables and the regional 

farm c aracteristics. 

crop rotation within each producing are:l are eterm1.ned 

by com ining r tations recommended by the soil onservatioo 

Ser ice in each of the Land Besour=e Areas ·n:luded in a pr~-

ducing re (Appendix 3). Some adjustment is m1de o reduce 

the number to a manageable group by deter iniog the relevant 

crops grown the producing area from the 1964 and 1969 

£ilfil!.2.-2.f __ li!£!!!t!!~J~ (34, 3 5 Rota tio s th3n were selected 

to allow a var·ation ·n production around these crops. Each 

rota ion is defined fore ch land c ass within the region if 

releva data _re ava·lable to adJust the costs. yields, an 

conservation pr ctices according to unique characteristics of 

the lan class. ail loss for each rota ion 1 1 echaa cal 

practice o eac~ land class is calculated from the Universal 

Soil Loss Eg a ion as eve ope by Wischmeier and Smith (38) 
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and e dat.a fE m he r ·eg·onal s ec·a1.1. . s 1of the Soil o -

ser at1..0 · ,er ice (Appen i .i: 3,). · be met od u ed to u t 

f the S 1 · ooserva-t be ata fro t e Land Beso,u rce lee 

tion ervice tote pr du ng a e an n exp ana on af the 

soi los calcnlatians ar given in ppeodix l. 

r ct ces consi ece Lncl de s ra -ght row cult1watLon st 

base, contouring, tr1 cropping. ad ter ac • Eac p ,c-

• 
1S efined for each lan - cla for vi. . at . are a 

_ . le. T · e cons rvation pract ce .. re a so co bined with the 

ill ge practice: oven ia al tillage, re _·due _nae et, 

and red ce il age. Re uced tillage ES interpre e t 

the a o tion oft e mos l key e ho oft 

,con t ,e,nt with a r duct ·_ n in dir c es:po - ur 

· face to e ,o i ,on-c LI ,LD em nt 

C yield .. 
I fr et of p a e er 1. ' e a 

. 
el fu evelo 

... 
C D -· pon e ion e e 

(27 • ati lan ·d cla g ' • J_ ap [l 0 e se 

he of fro the 
.. co. t10 n as a Ol. er 

s rvey, the 1~§i __ g cu t _ra ·Cen 0 (34 • ~--....._i-.--.-i 

I e I ( ) . The yiel f D t on r - ,-:_._._., 

f rt1l1.ze ap , ica tio s, time tren s of ec 

age 

pro 

es 

e 
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e e 
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t e a 

the . o .· 1 

. u in 
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e s 

V ce 

n l ---
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D e to 
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ncome, given the esou. ce costs) 

Te livestock production sector p ovides a secondary or 

·ntermediate eman on fee resource and transforms gra·ns 

an roughage into the •desired" e3t portions of he American 

·g re 7 ndicates the interactions relating to the 

development oft e live tock production activ ties. Tbe 

a ion d -pend o the live o k class, relative feed c~sts, 

climat c influences. and management decisions. hese factors 

combine vit · e technologic character1st·cs such as produc-

tion inputs, feed and vaste h ndl ng sys em, enterprise 

s,ize, a d 

hil"ties. 

imate to define the alterna 1ve livestoc • pos s1.-

L.ivestock p.roduction alternatives in the odel are de

fined for eac of the 223 pr ucing areas. They represent 

the beef cow, beef feeding, bog, ad da·ry operations and are 

adapted m da a by Eyvindson (8). Other livestock are al-

loca ed e ogenous y as de cribe p eviously. Each livastock 

type in a produc ng area form a et of ctivities with n -

tcit'onal y balanc db t commod·ty differe tiated ration 

The 
.. 

ra 1.0 ·. for each livestoc • group 1. balan=ed in separate 

mat ema ica formul~t ons ba ed on then trient equirements 

speci ie by the at·o al cademy of Science 17, 1 • 19. 

s r adj sted to reflect thee p cte d1fferenc be-

wee experim a ly eco . men 'e eve of nutrien consump-
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l • the r cot, a h a wh r the a e be 

in the i iz tion 11 oft e agr ltnral s ctor. ee -ou ce · 

in b. s categ elude ad, non-rota ·on h y n p t 

I an fer ilizer nitrogen. l e ail d escr pt10, 0 • 
be p oce _ u es an. ,as umptions se,d l. A pen X 6. 

vailable b land cl 
. et,er ned fro ' e ac ea ,e ss l. 

S01. con .ervat1. n ( ) 

wit adjustmen - for proJected changes n e age o s lan 

a ,, d f ture irr · gat ion de elo pment • 'The ba e crea1e 

or cultivate lao - r preset those acres in the ation _,_,.,. ____ _ 

e far cov crop, clos -grovn crops, 

um er f 1 o, rota 1- n hay and pa ture, co ervatio u 

and [' s an v g tab e. ·_. hi a ge is repor ed by 2 

class s fo yl n a crigate po sib1 i ie 

resent ans of eig t d f . ere gene 
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th at r ac v·ties reported 

from th e _EaS , ra ac ivLties contcibute o 

eh y-e n val nt eas rement of ast re lan by coducing 

area. The ea urem t of ferti izer use on the nonrot tion 

pastur s reflec th wa te of t e 11.vestoct which ace 

ed whi t • .. 
orclec to anti ro E e a ma l.S gr azi. g. D g y 

the re uire ent per ac e an to ref ect wastes p oduc -d 

ile razing, waste production of the animal is related to 

the con u ptio of roughage. This amount of waste er unit 

of roughage consu e 1s used to calc late the wa te applied 

per acre gcazed a a function of the yie of hay e uiva et 

roug age fro , the acre of pasture. 

Te water coefficient for irr·gated pasture 1s deter-

mined by a - justin the coefficient from 1rrig~ted p~sture o 

la activity on dry nd only is deve oped fro the forest 

grazed ca egory with tbe coeffic1e s being d~termined from 

the "'pastur ot on far s 0 activities described in [[!£_!-

3.te.c D,e an s. llliliia.._.,._,...,___ __ _, ___ _ ~e fertil~zer nitrogen coef icient is 

r the p:tst re act vities. Tb fores grazed 

act vity repre ent ostly lov-yie ding lan s vhic are 

gr ze on an e te s1ve ba is ado c - r in arie b o=ks int e 

. re io of the West. 

a · tore an b y ca,d C ' ion th s develope · for each pro-

duc1n are he mo el a an ac ·v1ty with a 
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q .~ ements of he c op ing management sy tem. he costs as-

soci te it the . e tiv·ties are deter ined fro . tate fer 

t·lizer price ave the 1969-1971 period (27). These activi-

h e o uppe bo n preventing fertilizer scarcity from 

ac1.n any pro mitat on o the crop sector. 

ransfe activities re se 1 the model to tcan p rt 

C0 moditi from reas of urp us p od ctio to are s of 

e cess de and, to tran fer w ter on a downstream flow 0[ 

t rou in ter ,bas 1 chaone s, and to change the g: ali' ty para 

ter i th e.ef market. 

he com odity transportation acti ities are defined for 

th rops--bar - ey, corn, oats, so ghum, oybe3os, and wheat, 

and or he livestock product --fed beef, nonfed beef, por , 

e de s, and dairy produc s on a milk equivalent basis. 

ransportat·on activitie move he commodit es between 

-

dj ce t mar regions attd o e some long aul -Outes if tbe 

ong ha · l r 1 mileage is les than 90 er ent of the ,1.les 

s _ oc · ted w· th a movement through all intermad1ate markets. 

o iscrepancy cur as market handling cost are not 

chacged at each point and the transpor ation =ost functions 

uti ize are 1·near ind stance (9. The activities for 

transpor ing commodities are of the form O<T(i,j.k)< 00 , where 

T(i,j,k ·s the q antity of commodity 1 transported from mar-

e regio j to marke region k. with j and having defined 



47 

va s 1 the ,r n ,e from 1 to 30 exc ', t ]; k. 

e transfe 0 V ter ha tv . co 0 t • the dOV ' re 

0 th • ecbas . flov T d vnst ea flow l. lD l ' I • 

t d 
. 

t < .75 a a ' :) me 1S J • 
. 

• j) the le t b tu a f e 1 V [' n I ,o 
' 

f t - . 
to • 

SU y 1.on up y I Q 1 , 

tot l nt t - t 
. 

l vat . e u avai a 0 n 

~ st ed l 75 p on • 1 - r a . c 

p e t 0 e av ·1abl ter to be ave a 0 line 1 -
t -

te e fe C ma seco n ._........_.._. ______ - ._.._.._. ........... _.__, __ 
t . wh . 

e in s e sy em l. . g n 

sf r e e • e V 0 

t.1. 0 a lo r 

e bo ,e C C t e tem a h 

t e · a· ab 1· • 

LS C 

ac a 0 w 0 

r f t e y r u em t m e 0 f d ee 

s ct V1 y PP - a e er - g C t 1 

sta e b e lo - - u t. f 

• ub t t .t. 0 . ble , 1 y 0 we pas a ces l. e -..... 
. 

) coul 1r I e 0 e C) 

5 . y f ema . - , ere y p 0 an 

ces of e p 1 . ry p C s, l. - f e s. 



48 

The description of all the coefficients used in the 

model have now been completed. The following sectiJn indi

cates how these are related to the model's restraints. 

Regional Restraints Imposed on the Model 

Restraints on the level of an activity oc group of ac-

tivities are included in the linear programming modal at tha 

producing area, water supply cegion, market region, and na

tional levels. Restraints have already been explained for 

certain of the activities, such as the population industry, 

water buy, water transfer, export, and the nonrotation 

pasture and hay activity groups. It remains to define one 

individual activity restraint regulating soil loss and the 

group restraints on commodity balances, water use and trans

fer, land quantity, pasture availability, the nitrogen fer

tilizer balance, and commodity demands. 

B~~1£ai~!§ im£Q~~~-~1-~h~_E£QQY£i~g-~£~L!g!g! 

A restraint at the producing area level, not coveced by 

the individual activity restraints already defined, is used 

to control the per acre soil loss by the =rop management sys

tem. Also, restraints at the producing area level control 

the acres of land available for use by quality group, the 

fertilizer nitrogen balance, and the rougmage equivalent prJ

duction from pasture. rhe soil loss restrictions are of the 

form SL(i,j)<MSL where SL(i,j) is the calculated pee acce 
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- 1, 2, ••• , for then mber of crop management sys 
tems defined on land class j 1n producing are i, 

whee~ 

A (i, j,k) 1.s the acres of cropland efined. in r tation k 

on 1 _ d clas j in producing area i; 

X -1. j, k) i t e level of use of rotation k. in lan 

class j in pr3 ucing area i; 

L (i, j is the aces of cro land on land clas j - vail-

abl foe se in producing 

Te lan groups run 1 hrough 18 w·th 1 through 9 in i-

cati g ryl nd (tbe only alternative in areas where water 

s p ·es are not defined) an 10 through 18 ~~dicatin tbe 

potentially irrigated Ian s. When irrigat ::roplaod 1.s in-

cl d , the activities define foe po sible use on the land 

i c de irr·gated as el a dryland possibilit es. Thus, if 

the ater supply is fu ly ut lized prior to using all 

p si ly i rigate land' , the land unused for irr gatioo may 

be sw tche to cainfed agr1.cult t"al uses. he model des n~t 

include the possibi ity of rrigated activities on iryland 

acres even when excess ater is ava1lab e. 

he second general restraint defined at the produc~ng 

area level regulate 

fertilizer nitr gen. 

the production, purchas and , se of 

Fertilizer nitrogen is balanced at the 

producing area level rather than the market region level to 

pr vent the pro uction of livestock wastes in one producing 
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produced by the exoge ous 1 
-

estock in producing 

area 1: 

EC(iJ ·s tbe level of fertil·zer nitro,gen equ1.va ents 

required by the exogenous crops in produciog acea i; 

P(i.nl is the level of permanent pasture or hay activ·

ty n in producing area i; 

(i,n) is the per acre requi emeots of farti izer n1-
. 

trogen e u~valents for permanent pasture orb y type 

• • n n pro · 1 c1.ng area 1. 

These o·trogen restraints are in the form of equalities • 
• 

Th·s formu ation ceguires sufficient nitrogen fertilizer to 

be produced or bough foe use (a voul be done with a 

"great 1er than" restraint) and also pre vents surplus fertiliz

er nitroge from accumulat ·ng in the producing area (as mig~t 

be the case if a concentrat on of livestock develops vith in

suffic·eot crop or per anent pasture or hayland on which to 

dispose of he va tes). oc omputati nal purposes, these 

restraints are al owed a limited dev ation from the equality 

canst aint hen solving the mode. 

The final prodacing area restraint balances pasture pro-

d ction and t1lization on a producing area basis. All un·ts 

are defined in term of tons of hay e~uivalent per acre ra

ther than acres of pasture. 11th this restraint defined by 

p oducing area, use of pasture can be controlled by prod cing 

area rather than by market region so that livastock in one 
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· n t: b y pr o d u c 1.n a -e • The f · Cl 1 t" e · u r c .. re -

1.S 
. 
ine y va er sup , 1 

E _n s efine at the ater ___ ___.._ ....... ..-i--~ .... .-..--....... ~---~~------ ..... ---~ ..... 

' 1-:: 1 ly [" - int 2 f · n uy w 

l - u 0 W t l p po e· h 

tn I h J 1 1 l il ble 1 

. 
inc i.n ~ a 

t. 
~ 

set the in 1 are 0 

WB (w) + ( ) - WO(W) - WX(w) 

L w R ( n , · J { n, i) - ~ LI X ( i , j) WU (' i, j) . 
n J.€ w J 

~ i:Y(1, ) WL(i-k) - WP (1.) PN(i) ~ 0 
i€W 

• 

-

on 

h t - . 
l. ~ ffi C 1. r 

• low y in e-

form: 

E ( w) 

1, •.• , 223 for the producing area, 
1, ••• , for the cropping ~ctivit1es iefine Ln pro-

1 = 
• 
J -

d. cing area i, 
k - 1, •• , for the ivestoc activities ef1nad in 

prod cing area 1, 

n = 2, 4 foe the irrigated permanent pasture and 

where: 

hay, 
1, •.• 51 for the wate s pply regions, 

WB(w) is the level of the v ter buying activity in wa

tec supply region w; 

WT(w) is the level ~f the net atural water transfer 

associated vith water supply reg - on v; 

iI(w) 1 the level Df the net interbasin transfer of 

water as ociated with water supply re ion v; 

D(w) 1 th~ level of water use for onsite needs in 
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trolled by indivi ual activity bounds regulating their level 

of incorporation in the m~del as explained with the defini

tion of the relevant activities. 

S~§![!ill~§-~1-1h~_filg~~~~-r~~iQa_!~!~l 

The restraints at the market region level act as the 

m rket balancin mechanism for each of the commoditie,s. 1 

Each produci g area in the . a£ket region inter~cts iirectly 

with these market restraints to satisfy its requirements fo~ 

commodities as resources or to market the com o ities pro-

d c ed in tile are a. Transportation activities link the com-

modity markets of adjacent market regions and allow the 

transfer of commo ities t3 facilitate the interregional com-

parative advantage characteristics and satisfy the demands of 

the model. These restraints are of the gener~l form: 

E E CC ( i, j , p) X (i, j) + 
.. . 
ie m J 

r >:CL(i.,k.p)Y(i,k) 
l.e m k 

+ L T ( p , q , m ) + P C ( i , p ) N ( i) + E ( p , m ) - X ( m r p) ~ 0 
g 

i - 1, ••• , 223 for the producing areas, 
j = 1 •••• , for t&e ccopping activities defined in 

producing area i, 

IThe commodities include the crop produc~s--barley, 
corn grain, legume and nonlegume hay, oats, oilmeals, silage, 
sor hum grain_ an wheat, and the livestock pcoducts--fed and 
nonfed beef, dairy products (in milk equivalent), feeders and 
pork. 
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live ~tock 1n m~rket region m. 

The restraints balance the distribution ~nd production 

of each of the commodities allowing for the interactions of 

the commodities as intermediate goods, whera tpplicable, and 

also for the level of international trade. 

Restraints defined at the national level ________ ,__,..... _________ _,__, ______ , __ ~-.-.-.--...~--.... -.---~ 
Individual restraints at the national leve simulate the 

markets for cotton, sugar beets. and spring wheat. Each of 

the pro ucing areas which has the ability to produce these 

commodities fees irectly into the national market. The re

straints have the general form: 

. 
l. J 

i = 1, ••. 1 223 fo£ the producing area, 
j - 1 • ••• , for the rotations defined in producing 

area i containing production possibilities for com
modity p, 

p - 1, 2, 3 for the commodities balance at a national 
level, 

where: 

CC{i.j,p) is the per unit production of com odity p by 

crop activity j in producing area i; 

X(i,j) is tme level of use of cropping activity j in 

producing area i; 

Q(p) is the demand guantity for commodity p; 

E(p) is the net export level of commodity p. 
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+ WD(w)DC(w) + r(v)T (W) + ~ ET(m,p.q)TC(m,p,q) 
m p g 

1 = 1, ••. , 223 for the pro ucing areas, 
j = 1, ••• , forte crop management systems in produ-

. . 
c1.ng area l., 

k - 1, ••• , fr the livestock act vities in prod cing .. 
a ea 1, 

- 1, ••• , 30 for be market regions, 
o - 1, ••• , 5 forte oonrotat1on bay ad pasture ac

ivities, 
p - 1, ••• , 15 for the comma ities considered in ar

ket rea , 
q - 1, ••• , for the transportation activities defined 

i market area m for commodity p, 
w = 1, ••• , 51 forte water-supply regions, 

where: 

X{i,, ~) is t e 1 ,evel of crop a.ctivi y j in proiuciog 

. 
area 1; 

CC(i,j) is the cost per un~t of crop activity j in 

pcoduc in g area • , 

Y(i,k) is the level of livestock pr duction activity k 

in produc ng area 1. 

LC(i,j) i the cost per u it of livestock activity k 

~n producing area i; 

P(i,n) is the level of n nrotation pasture or hay ac-

tivity n producing area i; 

PC(i,n) is the cost per unit a non otat·on pasture or 

hay activity n n producing area i; 

( i) is the eve of f rtilLzer nitrogen purchase i 
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where regiona variation is important to the implie produc

tivity changes. The seven zones Qsed for reporting the dat1 

are ap roximate in Figure 8. Initially, a comparison s 

made of the pro uction patterns nder the unrastricted soil 

loss mo land the production patterns depicted by the most 

recent comp rab e ata available.1 Then, info lowing sec

tions, the comp rison is made of trade-offs and impacts of 

succe sively lower eves of lovable soi loss. 

Pro uct on Patterns Under No Soil Loss Restriction 

The unlimite soil loss model serves as the heBch ~ack 

odel in the analysis against which the other models are coi

pare to determine the implications of the alternative levels 

of re tr1ct1on on soil loss. The op imizing tecbni1ue~ usei 

in mathamatical programming estimate the optimum production 

patterns subject to tbe efined coostraints at the national 

level. 

Land use compa ison indicate the acreages nd the rel~

tive concentration of crops by laod class and by region foe 

both dryland ani irrigated alternatives. A continuation of 

the land use analysis indicates the additional production c~-

---- .... _,-... ---------------__ ,... ~-
1 Most of the data for the comparisons are obtained from 

the 12~I_!~li2~!.L!~X!!i2£1 (3) • 
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pacity rem ·nin in agriculture. 

ith a free market assumed for agricultural outputs, 

l nd u e pattecns distribute crops in areas of greatest com

parative a vantage. The crop quantities grown are those 

which mee - the emand _ of the model a least cost P~ajec ed 

yield increases and change in feed conversion rates allow 

for he production of the agcicul~ural bill im 2000 on a 

maller acreage than the 1967 croplan '. base. Dryland acrea~e 

used fo producti n of all agricult ral commodities is ower 

for 2000 t an in 1967 {Tables 7 an . B). Land for exog,enaus 

crops in bot _ 1961 ad 2000 is 12 million acres. The total 
. 

d yland acreage un e the unrestricted soil loss alterna • 
1. ve 

for 2000 is 38 percant less than in 1967. However, 

cultivated land use in 2000 is only about 6 parcent belo tile 

1967 acrea e. shifts by er ssh a variation consistent 

with minimizing the cost of the agricultural bil in 2000. 

The acreage by crop group for 1967, Table B, ind for 2000, 
; 

Table 9, indicate a reduction f 4.9 million acres or 3.4 

percent for row ccops, 23. 6 million acre!s or 25. 3 parcent f:>r 

the close- rown crops, aod an increase of 0.8 milli3n acces 

or 1.2 percent in hayland acres. Hay pcoduction reflects a 

switch toward cultivated roughage and away from permanent 

pasture and wil baylands. This shift is encouraged as the 

livestock move to areas where their wastes have an income, 

rather than a cost for disposal. The smaller shift in cow 
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Zone 1n 
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Dey and ace ges in m JOL z nes with unlimitei 
oil loss and 69-71 avera e exp~rt n 2000 

( e.l A) 

Rav 
C :> - e 
grown 

All · / 
h a b / y- P~stu ~ ot er- r~ta 

------ ------ ---- -------- ------------------------- - ----
Unite State 

I,II 
IIIE,IVE 
Other III,IV 
V-YIII 

_art Atlant·c 
, I 

II E,IVE 
Othe II,IV 
V-V I 

s th Atlantic 
I, · I 

IIE,IVE 
Othe[" II , IV 
· -VIII 

orth Central 
I,II 
IIIE, V 
Other II.IV 
V-VI II 

South entral 
I,II 
II E, VE 
Oth,er III,IV 
V-VIII 

GI:-eat Plai s 
, II 

IIIE,IVE 
Other III,IV 
V-VIII 

No th West 
, II 

IIIE,IVE 
Other III, 
V-VIII 

Soutb. West 
I,I , 
IIIE, IVE 
Ot er II, V 
V-VIII 

3 9 80 
1349 

2 2 6 3 
524 8 

220 
71 

3320 
216 
- 62 

1 5 
10691 

7' 79 
1152. 
1476 

84 
90902 
71954 
1126 6 

765 ,6 
26 

27510, 
1406 4 

793 3 
5487 

26 
Cl 2 10 

246 
776 
161 

27 
335 

11 
37 

20 7 
1 4 

161'9 
709 
78 

99 
28 

(000 3l::res> 
70205 66333 3 
385]6 29 97 
219 4 13908 

9500 5998 
235 347 

1698 161ll 
193 493 
4 91 5 

1 0 
3 0 

3201 2 07 
2 8,7 1218 

3 83 48 
428 0 

3 0 
19440 16755 
16121 7918 

2659 2767 
642 62 

18 0 

3059 
0 
0 
0 
0 

6806 
0 
0 
0 
0 

2 592 
0 
0 
0 
0 

2· 9175 
0 
0 
0 
0 

9863 27185 
87 J 11970 
6fl.47 7285 

11069ll 
0 
0 

456] 4817 
00 183 

5 15 14199 
6574 644] 
6025 2279 
2359 84 

51 0 
62 5 ]0!18 
1334 901.1 
Jq24 q.99 
1460 BlO 

11 
11753 
2174 
2505 

J7 
31 

21 
1525 

251 
1025 

105 
143 

0 
0 

ll 11388 
0 
0 
0 
0 

2ll515, 
0 
0 
0 
0 

66289 
0 
0 
0 
0 

7 5 4 
2543 
2199 
27 02 

241 
295 
1 37 

81 
45 
32 

1i05 
229 

10 
1166 

11 ijQ 

2 15 
70 
54 
70 
21 

124 
2 51 
518 
JJ 

2ti 
4071 
17 611 
1355 

952 
D 

319 
11 
97 

1 31 
1ti 
55 
15 
23 

7 
10 

5 . 6261 
171625 
6020 
3 4 8 

Oil] 
1fj126 

5 1 ij 
193 
218 

50 
~1096 
11813 

1653 
J 70 

227 
157087 
9606 
16746 
8530 

65 
186376 
350]8 
22183 
15198 

333 
78883 
18027 
10435 

3556 
84 

34ti52 
2J92 
4057 
2628 

66 
711241 

J 1 q9 
"336 

248 
2 8 

-- ------- ------- ------- --------------------------------
f ~Inclu ing other ay and cr~pland pasture. 
- ummec fallow ands n or-har s 3nd vio~y~ris. 
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T 1bl 12. To a s01.l erosion o. c ltivated lands in ·maJor zon s with 
un ·m1ted soil loss and average level expo ts in 2000 
(Model A)!./ 

Zon 
I,II 

. d States 1100 n1.. 

or h A·lant·c 35 
South Atlantic 168 

,or h C ntral 521 
South C ntral 285 
Gr a Plains 64 
North West 6 
South West 21 

IIIE-IVE 

Land Class 
other 
Ill-IV 

(million ons) 

1073 491 
1 ,_ --
81 21 

479 86 
413 376 

52 5 
18 2 
19 1 

V-VII 

13 

---
--
13 
--
--

~/For all cultivat -d crops ·ncluding rotation hay. 

otal 

2677 
46 

270 
1086 
1087 

121 
26 
41 

Tabl 13. Total soil rosi,on on cultivat, d lands ·n major zones w th 
10 maximum soil loss and average level expor sin 2000 
(Mode 1 B ).!/ 

Land Class 
Zo e other 

I,I IIE- . E III-IV V-VIII To al 

(million ons, 

ni d s , es 720 277 135 --- 1132 
r h lan 1c 22 --- --1- --- 22 

Sou h Atla 1C 60 5 5 ll!!!!!!!!F iil!!!!!!J --- 70 
0 th Central 389 80 31 -- 500 

Sou h ntra 169 126 91 --- 386 
Gr a P _ains 52 36 5 --- 93 
orth st 6 11 2 - - 19 

So -h - 22 19 1 42 ---

a ul va , d cro s · clud ng ro ation h 
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r s on o , 1.v a -ds ·n . 
01 OS d ve g 1 vel 0 

L s 

I,, E V I v-v Tota 

(m" 11 on s 

474 161 91 a 726 
0 2 23 

. 8 3 0 4 
257 44 19 0 320 
1 4 65 59 2 8 

3J 18 2 0 5 
7 11 2 20 

18 s 0 '8 

d er ps in lud1ng o 0 

, son o 
SO -OS 

I,I 

336 
l 
l 
89 
7 
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C 0 

u 
n 

11 

4 

I 

6 

16 
6 
9 

- d la 
V r g 
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- I t 
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restrict· on to 6 percent between th · 10 ton restriction and 

he 5 ton restri tion. 

The data i ables 12, 13, 14 and 15 ind1cate the total 

soil oss by the 7 regions in the nation for the alternative 

estriction level. Under the unrestricted a ternative, 

Table 12, the North Central and South Central reg·oas have 

the argest ero 13n levels and account for 81 percent of 

total national drosion. Comp red to the unrestricted oil 

loss alternativ, erosion reduces to 78 percemt under the 1J 

ton re triction, Table 13, to 77 percent under the 5 ton re

strict·on, Tabl~ 14, and to 76 percent under the 3 ton re

striction, Table 15. The outh Atlantic re~ion ace unts for 

10 percent of he national s0·1 loss under the unrestricted 

altern tive and · s reduced to only 4 percent under the 3 toB 

restriction. Tlte Great la1n area is uoffsett1.ng" in s il 

loss an ,accounts for less ban 5 , ercent of the national 

total unde the unrestricted alternative and 11 pec~ent undec 

the 3 o re rict1on. Even though the class I and II lands 

ave lows cep ·b·1· y o erosion, they make the largest 

contr bution to otal eco ion in 11 models and all reg1 ns, 

except for the Sout~ Cent al zone under the unre tricte al-

tern . tive. 

o a · er basi t the nation l lev 1, soil lo s da-

es f m • 0 11 alt en 
. 
1.ve 0 

n e h 10 he 5 
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s rou 1s th most o 1.ve,. ab 17. This 1.s con ist-

t ,e " " s bcode o thei ,classi ication whic ind1.-

. 
at s era .10 · 

n e 

and I 1 

R 

. 

s. 

o · ally, 

t e most serio limitation o pro ction 

e mo ero~ive land un e 

n IVE lan ,s in th -

• 

III 

he unre trict

out Atla tic 

zo e w l. an nn _ avera 01 los 0 10.6 tons per acre, 

T ble 1 T class v-v ands • this 
. 

• _e ore ero l.V e in region 

a e at ro ht into a r u . tura.l prod ction he nex most 

1 d the V-VI II la , ~ the South central 0 ve . c in zone 

7. 0 s he re trict on on 

soil l • he 
~ 

V-VIII lan e·ther s 1 o:::,e , m re e 0 1. ve 

to low 1 
. of ction vhile co ev 0 eco 100 go 0 c:> 

the lan s l.Il th II E Il VE ,roup have soil lo se · ea.rer 

he 1·mi th n ny of the ot r: land , Tables 18, 19, 20 an 

21 R du 
. 

t 1 restriction to ton mo:1t 1n e 0 s C uses 

~ to • rat t bet ween 1 re 0 n 01 ro p op ros 0 s 

nd to s or t - op out a the cu tl. . at d n base. 

Co e V t' -ti 1 e r -t . import ces are n 1[1 C n -

11.n t e er re s. T e oil lo y h pr c-
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V 1. 

• 
l. b fts to h most e o ic l 
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l.V n 
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ble 8. ere - O 1 e os on on v - t t 1 nds ·n ajo z nes wt 
unl ~m · d o, o -s d averag 1 v 1 po ts i 2000 (Mode A) 

Zone 

Unite States 
orth tla tic 

So la 1C 

-or h Ce tra 
South Central 
G -eat p •ains 

,orth s 
South Wes 

able 1 9 .. Pe ac 

Zo e 

Uni ed 

h 
So th 
Great 

or 
South 

St 
A 

0 to m 
( od 1 B) 

tes 
1c 

lan ic 
n ral 

C ntral 
Pla ns 
West 

es 

I,II II -IV 

6.2 17.8 
7.8 18 0 

16.5 60 6 
5.6 2'9.2 
8.1 18.8 
2.8 2,. 4 

• 5 4 0 
J. 3 9 

so 1 ea io on cu 
mum 011 loss d 

,II III -I 

l 5.1 
4. 9 1 
6. 8 7 
4 2 s 
4 8 6.4 
2.3 3.3 

.5 2 ., 6 

.4 3.9 

L ss 

I -V II 

( 0 p - ac I 

15. 
,. 

28 5 
0 0 

20 .. 4 0 
11 0 0 
26 2 47.6 

1 2 0 
0 8 6.9 
0 ,6 7 

a land BJ r zo 
e g eel e p rts i 

0 

E II -I - I 

(tons pe ere) 

4 4 1 8 
2.8 0 
6.1 0 
4. 0 
6 4 2.1 
1 2 0 
a 8 2.5 
0.6 1.7 

V rage 

9.9 
9 0 

21. 5 
9 2 

15 1 -

3.2 
2.3 
3 3 

s w h 
000 

e ag 

4.3 
4 9 
6 4 

. 3 
5.6 

. 7 
1 7 
3 3 
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s i r io on cul · a d ads 
i um so 1 los and av rage le 1 

I,II III IE 

major zon s 
xports i 200 

- III To a 

t 

( a p a -r ) 

, a s 2 7 3.1 2 8 
At n .c 5 4.4 2.5 

. 
3 3 3 7 3 4 1 

1 2.7 3 4 ? .6 
n al 3 2 4.0 4 2 

Plains 1 5 1 8 . 5 
est 1 2 1 0.9 

,J 2.0 0 7 

c . s i os _· on on c 1 tivat d la ds 
o m ximum soil lo nd av ag lev 

( od 1 D 

Lan Class 
oth r 

I, I - VE I-

( 0 s p a 

s t 1.9 ? 0 l 5 
tla 2 0 1.7 2 2 
lan 2 ? 2.5 2.1 -
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n 2 2 4 2.2 

ns 1 1 . 0.7 
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w t 1 4 2 ..... 0. 

5 
0 
0 
0 
1 2 
0 
2.1 

n JO 
xport 

7 

zon 
in 2000 

2.8 
3.5 
3 3 
2.8 
3.6 
1 5 
1 7 

6 

III Total 

1 5 1 9 
0 2 0 
0 2.2 
0 ') .0 
1 3 2 2 
0 1 2 
0.7 1 ? 

1 6 1.6 
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e highes s01 1. lo ses while the ~ nservatio practices have 

insignificant so,il lo ses, 1Tables 18, 19, 20 in 2'1. o ly 

the less-eros ve lands. c tinue to be farmed under stcaight 

row prac ices. The eros· elands incorporate the conserva

tion practices nd reduce average s0·1 loss including level 

lands un .er straight row methods. The soil loss control 

methods result in per acre so~l losse on erosive ~ils whi=h 

are nearer the as ociated restriction level than for nonero

sive lands still farmed under straight row te=hniques. Table 

22. 

n upper l1m·t impose on per acre soil loss c~n be used 

as a mechanism to reduce total oil loss by region and by 

lan gr ups. The chan es vary by region with tke South Cen

tral, south Atlantic and North centra zones shoving the 

largest re uction in s01.l loss especially on the more el:'0s1v-e 

land groups. Thus, given a societal welfare function 

desiring a lover oil loss, a position can be chosen along 

the con ' inuum of oil los possibil ties which is capable of 

reducing the levels of sheet and rill erosion fro cultivated 

lands. The location and method of production are affected by 

the soil loss re strict ion le, vel imposed and are considered in 

the fo owing section. 
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an - b se b 6 · lli acr s As the soil loss 

ict ·on eve is re ced mo e, the permanent ro gage 

crop u il iz ed, ffsetting he :ultLv te la a 

a e uc hat the 3 n e rictio level the agricultur-

a ector is uti ·zing ap roxima ely the same total acreage 

as u er he unre trice s0·1 loss alternatLve. 

o ro s r loc t_ . oo 55 erce to all cu1 · 1vate 

de t nre tic e ternat ·ve a ecline to 52 

ce o a l tiv ted 1 n sun ,e on rest i c 1. on • 

be re at ve ecli y ow crops in p~oportian fall 

cu 
. 

e C O S 1 of et by a r porti n • e 1.ncre se :ro-

t ti ge .r • B t. no 11 of the prod ct·on los 

· om t e r d 1 acr -ag s ce ace b t e ro ghage er ps. 

h da · a Ta l 24 in ic te the acres of cul ivate 

he unrestcict~ al-

ter at·ve all c te 87 ~~cent oft cultivated lands to 

cove o a · la e straigh · ro fa ing method. Thi per-

ce a e e i e to 63 un er t e 10 o res riction, t 50 

un er the on re trict"anw n to 6 undec the on re-

st ct on. The 1 d - wti·cb are no longec un er the conven-

. 
al t · 11 ight metho switch to the coo touring, l.O e-s r row 

strip 
. 

t ecracing rnatives of the convent·ona er ping an 

a so to · he alternatives w hin the tilla e metho a 

re uce tilla m thod. All prod ction alternatives witbin 

e uce t ge inc @a e by o ly 54 mill on acre comp red to 
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the on- tr t [" optio so c vention 1 t·11ag wh ch 

e y 74 mi lioo aces, Table 25. 

T b 2 . .creage of u "'vat -d y c v i n- lage r ct ces 
fr al er v soi r tri ons n 2000 

Cons rva • n 
11 g unr s r • cte 3 t 

(000 C e ) 

Co ven 0 al illag 247894 2 7319 201238 182585 
st aight row 233475 165 05 129120 93 38 
conto red 11254 32 53 37116 44986 
strip crop ed 3 65 19 1 35002 43761 

Reduc d t·1 ag 21219 4 245 57644 7557 3 
-tra"gh row 212 '9 27092 24822 3228 -
co oured 0 13830 18902 19955 

C 0 d 0 3323 13920 23337 

Be Q 1Q 1 y, the chan e n ere · g - ·D er ::o vent 0 al 

a d re C til a• e 0 DO · 0110 t at er b 

with h 1 -.ve naff 
. th 1 V , r1. s 0 C in a.r C area. 

orth t ant~c, ce t p a1.ns, orth iest ·o h st zo 

al al d1.s 
.. 

t.1 la ltiv t nder av 0 [' n 

o,th illa , e alt r - es ra ·11 v of s0·1 lo s r -

1 tion, s 25, 26, 27 28. 1 o the s -J.bu io, 

amon he cons_rv t _o pr ct·ce an 1 nd cl se 1 n t 

1den 1. fo - 1 zone u d 1er al 

e -e s. In eac ce 10 c:,nv en on 1-t · 

restrict1. n 

age w· che t t 

ouri ng alteroa. _ ve, t 
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v ry n e rees de ending on the erosive characteristics of 

th . 
. 
l.Il e regio. The South Central nj Soutn Atlantic 

zones h.ave a shift to red .ed ti lage an also experience a 

dee ine 1 the tota acreage u ed under any tfpe of cultiva-

South tlant cha over 12 million a~res of t. o • T 

era ped n n er tha nrestricte soil loss alternative b t 

o ly 8.5 m"llio acr s n ec the 3 ton restri tion. Acreage 

1c .ltiv te . 1 · t e 011th c teal region also1 declines t 57.5 

m~ lion ere un er the The •Ort.h -e tral 

20 e a ajor hift in pco uc 1 ion . atcern an acre e 

un er e ce tilla e ncreases from 19 mil i~n era t~ over 

61 mil 
. 

alm t directly offsett·ng the 10n acre a c · a e Ci-, .... 

cl. e 1 t e con nt ion a ti age practices. 

~ ta ra le 25, 26, 27 2 als::> 
. cate the a 1· an in 

im . ct of oil re trict·ons on alternative 1 n groups. 

ift n farming pcactices on the more eras vela ds are 

relati ely lar e. In mot , e 10 , e ecially ig rainfall 

re as , 1 i t e 1 n far _ ed under convention til.lage-

trai row relative to th concentrations ind1ca ed ith 

ltecn t . ve • atio ally, · 2 percent of the 

u tiva ed acre v -1.c ve e origin lly i conventional 

til age s r i ht row us ge con . io e to be far ed un:ler th·, s 

metho t e 3 ton S01 los lt.ernative. Thi co.m are,s 

to e cent for th IIIE an IVE land ro ,p, 39 ,ercent for 

the 0 h a d groa an percent for the V-VIII 
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Pain, no c ange n the North West and +110 percent in tbe 

South West where just over 1 million acres of this land group 

are hif ed from c ose-grawn crops to row crop prod - ction. 

ift in the u e of the other II and V land group are in 

the form of increased row crops except the sonth centr~l zone 

w . icb ha a reduction of 34 percent (1. 8 m" lli n acres) 
. 
in 

dryl nd row crops on this land group as the s il loss re

~trict·on i reduced to the 3 ton level, Tables 9 and 31. 

The n ·tion ,1 production of clos -grown crops on r.yland 

dee ~nes as t e oil loss restriction leve is redu=ed but 

the t tal production change is not as great as for row crops. 

( lose-gro n crop acrea e under the 3 ton restriction 1s 96 

vercent oft e unrestricted acreage, compared to 90 ercent 

o ro era p • ) he e is little change ·n the percent ge of 

he c ose-grown eras in classes I and II lanis as the soil 

loss res r ict. · on i , reduced. Under all alternative the na-

tional di tribution has betve n 55 and 56 percent of the 

close-grown crops on the class I and II land group. Region

ally, the concentration of close-grown crops on the less 

erosive c ass I and II lads undec the 3 ton restriction, 

Table 31. va 1e as follows; the · orth Atlan ic with 58 per

cent, the So h Atlantic with 64 percent. the Nort Central 

with 73 p~rcentw t e South Central with 5 percent, the Gre3t 

lains w·t 46 erce t, the North West w·th 71 percent and 

1 e o t West ith 60 percent. The zones with the lower 
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ab ' e 32. 

zo,ne an 
soi cla 

an·te Sta es 
I• I 
IIIE,IVE 
ther II ,IV 

V-VIII 
orth tl tic 
I,II 
IIIE, . 
Other I I, I 
V-VIII 

South Atlantic 
I, 
I IE,IVE 
Ot , er II, IV 
V-V II 

ort Cen ral 
,I 
IIE,IVE 
t r 
-VII 

, 

a h Centra 
I, II 
!IE.IV . 

0 her II , IV 
V V I 

Ge Pl 1n 

I, I 
I , IV 

0 he III, I 
V-VI 

01:th est 
,II 

II E, VE 
Ot r I , IV 
V- 'V II 

South W0 s 
I, 
II E, E 
Othe I I,IV 
V-VI 

104 

Irri a e acreage in major zones v·th 10 to 
maximum soil lo sand 69-71 verage exports in 
20 · ( _ode B) 

119 
6187 
100 3 

966 
23 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12 , 
0 
0 
0 

B 8 
724 
70 

104 
0 

08 
2471 

28 
318 

1 9 
18 

149 
31 

13 
90 

2 62 
U 9 
22 

4 

Cloe 
grown 

All 
ha~/ P~stu e Other~/ 

(000 acres) 
5398 12780 
2219 5400 

87 674 
2297 610 

4 2 
0 0 
0 0 

0 
0 0 
0 0 
0 0 
Qi 0 
0 0 
0 0 
0 0 
0 ijQ.6 
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0 
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584 
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2 9 

3 
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0 
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Table 36. 

Crop and 
land ,class 

Barley 
I,II 
III E, IVE 
Other III,IV 
V-VIII 

T'otal 
Corn • grain 
I,II 
III . ,IVE 
other III,IV 
V-VIII 

To1 tal 
Corn s1lage 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 

cott 1on 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 

Legume hay 
I,II 
III E, IVE 
Other III,IV 
V-VIII 
Total 

Nonlegume hay 
I,II 
IIIE,IVE 
Other II,IV 
V-VIII 
Total 

10 

A=ceage and average yield of crops by land 
class in the United States with unli ited soil 
loss and 69-71 aver~ge exports in 2J00 (!3del 
A) 

Y1ali ------------T-------Dryland Irrig. Total 

(000 acres) (bu. /3.=re) 
5657 781 6ij]8 70.0 81.0 71.] 
2599 206 2805 50.8 56.3 51.2 
1717 1390 3107 48. 61.7 5 ti. 1 

0 0 0 o.o o.o o.o 
9973 2]77 12350 61.2 67.6 62.4 

('000 acres) (ho. /acre) 
4ll764 1540 46303, 123.1 145.2 123.8 

4691' 254 119118 101.1 91.9 100.8 
1192 87 3280 86.B 95.9 87.0 

0 0 0 o.o o.o o. ,o 
52650 1881 54531 118.9 136. 11 119.5 

(ODO acres) ( tons/acre) 
q704 658 5,362 13.0 18. 7 13. 7 

662 69 731 B.5 16.0 9.2 
308 q.o 348 6.6 13.0 7.3 

0 0 0 o.o o.o o.o 
567Q 768 6441 12.1 18. 2 12. 9 

(000 acres) ( bales/acre) 
3312 370 3682 1.7 1. 5 1.7 
1035 76 1111 1 • " 0.9 1.J 
1'590 3 1594 1' . 5 0.9 1.5 

3 0 3 0.3 o.o O.l 
59'l0 449 6389 1. 6 1. 4 1.6 

(000 acres) (toCls/acre,) 
18744 11796 23539 3.8 7.4 q. 6 

7342 514 7857 3.2 Q.0 3.2 
475,0 509 5259 3.5 4.9 3.6 

62 0 6,2 2.2 o.o 2.2 
30898 581'9 36717 3.6 6.9 4.1 

(000 acres) (toms/acre) 
1 4511 313 107,66 2.1 2.8 2.3 

6565 83 6,6.Q8 2. 2 2.1 2.2 
1248 90 1338 2.1 1.3 2.1 

2811 2 286 1.3 2.0 1. J 
18551 I.I 8 8 19039 2. 2' 2.4 2.2 
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I,II 

I E, VE 
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0 • er s) 
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0 
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(0 0 
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7 
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6.5 

6 • 
0 

7 6 
e) 

• 5 
8 

4. 
0. 
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o.o o. . 

12 • , 1]7. 120.6 
( ons/ ere) 

13. 1 I.a 14 
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0.0 .o o.o 

lJ.3 18. 14.0 
(b~les/a re) 

.7 1 1 1.7 

.5 0.9 1 5 
1.7 0.0 1.7 
o.o o.o o.o 
1 1.7 1.6 1.7 

(tons/acre) 
].8 
3.3 
3.8 
2.] 
3.6 

(to 
2.2 
,2. 3 
2.1 
1. 2 
2.3 

1.3 
". 0 
4.9 
o.o 
6.8 

s/acre) 
2. 8 
2. 1 
1. 3 
2.0 
2.4 

4.6 
3.3 
3.9 
2.3 

• 1 

2.3 
2. 
2.1 
1.2 
2.3 



113 

· a e 37 e 

c ass - ~--
Dryla - --- -

0 {000 er _ -b re) I, 711 2 6 71. 7 72.7 II , IV 7 , '3 178 • 6.9 • 1 0th C' ' I, V 2 4 1] 2Q7 1 • 7 6 - • 2 62 -

v-v 6 0 ,6 13. o. 1 6 
1 2 01 60 I 

82.4 66.1 
(000 ccesJ • I I,, 4247 1211 545,a 68.1 - .9 6 5 III q l.J 23 ll1 7 6 • 45 0 I 11 106 1 li .4 61.S q 2. 5 

I 0 0 0 - • 0 o. -,al 0 1 - 92 97 ,0 69. 57. I 

I 

So . 
(000 cres) (to re) u·m Sl. e 

I, 4107 4 8 ,35 1 • 1 1 . • 1 • 1 I ,IE,I E 89 3 96 9. • 2' 9. 
66 , 279 10. ~ 

-

• 6 10 • 
0 -er , 

VI I 0 0 0 0 •· . • o 
0 1 4 7 12. 19 s ybea (000 cres) • I e 

" 5 1' ,, ,6 q 2 5 I . 

01 11 111 41. ij 1 • 2 
I , 85 25 • 1 ] • 2 

0 0 o. 0 0 T10 72 7 1 2. '1 4 .6 2 2 - g r eet ( 0 s) 0 I C e I, 70 6 1 17.1.1 8 8. III 0 1 21 .o ' • 5 8 5 
, 

0 her I , V 01 2 2 , 1 . • q 2 • 7 
, 

• V V II 0 0 .o o.o .o 1 1 70 21 16 1 2 • 1B 
(0 ac (b I :: re) 

70 97 9 7 77.8 • V I 29 618 q , o. I • • , V 6 11 27 6 7.1 54.2 
9 2 • 3 2 • T 4 ~78 1 91 9 2 6 tJ. 6 

Othe ha (00 -er i to s/ er 
T 16 0 094 2 0 2 1 • 6 2 s re 000 a re s ( SI 

a 304 , 2 21 01 5 2 4 0 _____ ,._. _ 
- ~ - ,_ lliili -- - -- -- -- --- - ----- ---



Ta l 38 

114 
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the dryland and irrigated production patterns caases the 

major increase in overall yield. The changes fcom the 10 tln 

restriction to the 3 ton restriction reflec:'t changes in per 

acre yields on dryland and irrigated production alternatives. 

These yield increases result from shifts to regions of dif

ferent productive capacitr. Similar shifts 1.0 produ ,ction 

pat erns can be observed for the other crops consistent with 

their susceptibility to erosion or their relationship to 

other crops through rotational interactions. 

The data 10 Tables 36, 37. 3B and 39 reflect the acreage 

of the endogenous crops by land groups. The decline in tot~l 

acreage as the leve1 of soil restriction is reduced 1s not 

reflected equally in the acreage of all crops. Cotton, whi=h 

has no substitute in the agricultural sector. bas a decline 

in acreage from 6.4 million acres vith no soil loss restric

tion to as low as 5.3 illion acres under the 5 ton restric-

tion. These changes are possible because of changes in yield 

per acre as the cotton is grown on the more productive class 

I and II lands and as it shifts regions. The most drastic 

change 1.n acreage occurs in sil,age, both corn and s:>rghllm., 

The ~creage of silage declines from 13.9 million acres vitb 

no soil loss restriction to 5.2 million acces vith a 3 ton 

restriction. The roughage component of tke l1vesto=k ratio~ 

provided from silages under the less restrictive soil loss 

alternatives is satisfied from the greater producti~n ~f 
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Table 40. Commodity use in livestock production unde,r alternative soil loss restrictions in 2000 

Commodity 

Corn 
Sorghum 
Barley 
Oats 
Wheat 
High protei~/ 
Legume hay 
Other hay 
Silage b/ 
Pas ure-

Un ts 

bu. 
bu. 
bu. 
bu. 
bu. 
cwt. 
tons 
tOnS, 
tons 
tons 

unrestricted 

5552273 
428526 
558066 
291832 
522816 
743754 
154649 

95386 
173662 
207506 

Soil loss restrictions 
10 ton 5 ton 

5612173 
425468 
577948 
320820 
494016 
726224 
160103 

96038 
149624 
209059 

56 191554 
474077 
461520 
396728 
505341 
699218 
163295 
104197 
107147 
212670 

3 ton 

6023807 
357218 
565639 
579533 
288741 
681572 
167380 
104450 

75892 
21590'9 

a/ 
- Includes soybean and cottonseed oilmeals and high protein grain supplements, expressed in 

soybean oilmeal equivalent1S • 

.!?./Expressed in non legume hay equivalents, 

..... 
rv 
0 
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tion. I some zon s, t e Grea Pains in particular. thi 

component of the cost structure is negative. representing an 

1DCO other ta ' ion. This i co e es lts 1s the nittoge~ 

b lance cestricti n force t e di posal of livestock wastes 

in all ar as. In otheE words. livestock producers would have 

to pay to ispo e of the was e from their livestock enter

prise. ceflectiog an nco ,e or negative cos to the crop 

sector. This it~a 100 resu ts only in certain producing 

a eas of the G a Plains and outh central z~nas. 

At the nation 1 level an increase in tot1l per acre re-

so rce input is specif"ed for the row crops with each succes-

si e reduction in the level of allo able o loss, Tables 

41, 42, 43 and 44. The pe acre etur fro close-grovm cops 

increases fo the 10 OB r r·c io • declines for the 5 to 

restrict!o ad increases aga o nder the 3 t~n restr ct1on. 

Most oft e decl · oe in value f esource use in close-grown 

c ops under the 5 ton restriction result from reduced fer

tilizer seas close rovn cro sin o e producing areas of 

he Great Plans and so th central zones receive both a "pay 

ment" and nitrogen for fertilizer fro the livestoc sector 
-

for d"sposal of excess wastes. The return to lan increase-

as the land capable of eeting the soil loss restriction at 

low t cost be ames relat · vely mo evaluable due to the 

higber prices for the com odities p duced. ?he return to 

wate is relatively _unaffected by alternate soil ass re-
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sa s associated vith ow crop pro QC ion unaec the no soi 

los - restriction alternative. vatec rece · ves 0.5 percent, and 

labor receives 8.J percen. achinery e pensas accounted flc 

47.0 percent, pest·c1des for 3.8 percent and miscellaneous 

co ts including fert~lizer accounted for 14.9 percent, Table 

45. Under a 10 t soil loss restriction the proporti~n of 

-he otal return to row ccops attr"buted to land, water and 

abor declines, indicating a lover per acre r!lativa return 

over costs when co , ·pared to the unrest icted alterna t1.ves. 

The percentage of the total return attributed to land in

creases sufficiently nd r the 5 ton restriction to giv·e a 

larger share of the ret~co to land, water and labor than 

under the 10 oo restriction but not enough to equal he prJ

portion re e1 e by these sectors in the unrestrained a ter

nati e. The increase in the share going to land is suffi

cient at the 3 ton res riction level to 1.acre:1s,e the propor

tion of total retur st~ land~ water and labor above that r2-

ce ved under the no soil oss restriction. l similar patte£n 

1s followed for the close-gcown crops. 

he relative shift in proportion of tile returns receiva-

ble by each sector i dicates the shift in the relative income 

position of each of the sectors. If the landowner i sepa

rate from t e labor supEJlY, a conflict may arise as con . ervi

tion programs at a 3 ton restriction leve 1n:rease the ·n

co . es of both bu a grea. ter proportion of the toi:al · s indi-



Tab e S. Perce o 
lt r ati 

Restriction/ 
crop 

nrest ,c.ted 
r w C ops 
close crops 

0 0 res I ction 
l!'OW I 0 s 
close crops 

5 0 restrict 0 

r crop 
C ose crops 

3 on re t iction 
row cro s 

ose crops 

t: e otal r turn -n nat onal ow crop and close gown crop 
lees of so· . loss restr ct10 ·n 2000 

Total Land Water L bor Mach 

($/acre b/ (p ce ) -
73.47 25 5 0.5 8 ., 3 47.0 
43.40 26.3 0.7 7.6 55 3 

75 96 24. 2 0.4 8 46 3 
43.90 25 .. 2 0 7 7 7 56 1 

82 5 25.6 0 4 7 8 45.0 
42 4 24 8 o.s .o 59.0 

,86. 42 27. 0.4 7.2 43.4 
45.83 29.7 0 7 7 . 54.9 

a / 
- I eludes fer ilize s a m scellan ous od c · t • • I p · u 10. cos s. 

b / Val e a e i te · so 1972 dollars. 

p oduc on for 

p s 0 h r2.I 

3 .. 8 14.9 
1 6 8 5 

6 0 5 0 
1 9 8.4 

r-

6.7 14 5 \0 

1.7 6.0 

7 5 14.,4 
.7 4.7 
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he total eturn to ach of the re o rce ec or aoder 
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e ce pe -e li e w t h 1.n1.tia il lo s re-

strict on, ev for tho e se ors v h.ich have D .1ncrea ed re-

t 1 nd 112. uct·:>n • total rn pe a re, e re 10 re-
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m · 111.0 141 • 
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23 250 1830 60 275 
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23 245 1832 90 155 
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a 61 mi11·on dollars agai are the on y ect s above the 

level of the unre tricted so· los alternati e Hence, per-

sons co ro ling land o v ich produ 

in ho h re ative income and absolute income over the labor 

and wa er sector. Sim larly. t e pod cers of pesticide 

· put ould gain in e ative share of the crap expense 

dollar. 

T ;e data 10 Table 47 in cate the total value of re-

sou cs tilize in gr c ltural production nder each so 1 

loss alternat·ve in each ~f the seven aJor zones The orth 

tl nt c zo e var·es little except under the 5 ton restric-

o • It alue of res rces sed the incre~ses too er 6JO 

1 1 on do lars from the ~00-500 Ilion dollar ran e under 

t e the he alterna ·ves. !he sou h ltlantic and South 

Ce tral z nes ha er d - ce total reso rce utL zat1on as the 

soil las res r1c ion is lowered and cropped acreage de-

cli s. Te orth Ce . ral and Grea Plains ZDnes h&ve in-

reased income from the agricultural sector as acreages 

e pand and t e more intensive conserva ion prictices increase 

input ut1 l. 'Zat n. especia ly pesticides. The tvo zones in 

t e West i crease the value of resources used 10 agr1cultar3l 

prod ct onr especially as the soil loss restrLction reaches 

the 3 t ,on 1evel 

In general, the more productive ands experience an in-

crease i ret rn vhile be 1 ss productive have a reduced 
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£~nclu e onsite uses and w~ er gxports out of the 

estern basins. 
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Table 56 Nitrogen sources and use for alternative levels of soil loss 
r striction in 2000 

1tragen source 

Li estock wastes 
egume crops a/ 

Commercial purchase
Tota utilized 

Soil loss rest iction 
unrestricted 10 ton 5 ton 

8728 
8496 
6013 

2 237 

(m. llion p 1ounds) 

8732 
8713 
6053 

23498 

87512 
8615 
6540 

23907 

3 ton 

8728 
8939 
6285 

23952 

!!_ / 1970 usage of commercial N fertil1.z 1ers totaled 14,623 mi llion 
pounds 

Tab e 57. Indication of elative farm leve p , ices for some agricultural 
commodities for alternat ·ve so,il loss restrictions in 2000 

Commodity 
Soil loss restriction 

unres ricted 10 ton 5 ton 3 ton 

(unre .stric ted mode ' - 00) 

Corn 100 100 107 106 
Wheat 00 99 103 103 
Soybean.s 100 101 115 121 
Cotton 100 100 112 125 
Hay 100 99 101 106 
Beef 100 100 104 1051 

Pork 100 100 105 104 
Milk 100 100 100 102 
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I,I 
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Ot he I I, V 
v-vr ·1 

Nort Central 
I, 
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V-VIII 

so , th CE tral 
,II 

I E, IV 
Other III,IV 
V-VII 

Great Plains 
I,I 
II E, VE 
Other III,IV 
V-VI I 

North est 
I,II 

IIE,IVE 
Ot 9r I ,.IV 
V-VIII 

South West 
I,II 
IIIE, VE 
Other .I, V 
V-V I 
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Dryland ac eages · ajor zones w1t 5 ton 
m xi um so 1 loss and dou le 69-71 e ports in 
20 ( ~odel E) 
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rovn 
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Acreage an . a erage yield of crop by la d 
cl ss ·n the ani e - tate with 5 ton axi m 

os doub 69 7 expo ts in 2000 
J 

Cro nd ---- -- _!£E~~g~ ----- -- Yiel -~·- __ ._. ... -- .-~ ---
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Cco1p and 
land class 

Oats 
I,II 
III E. IVE 
Other III,IV 
V-VIII 
Total 

Sorghum grain 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
Total 

Sorghum silage 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 

soybeans 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 

Total 
Sugar beets 
I,II 
IIIE,IVE 
o,ther III, V 
V-VIII 
Total 

Wheat 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
Total 

o her hay 
Total 

Pasture 
Total 
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(Continue ) 

Dryl ,and Irrig. Total 

( 000 ace es) 
3992 313 4306 
2975 33 3008 
1145 1 5 1161 

136 0 1136 
,8249 362 8611 

(000 acres) 
7029 895 7925 
2741 411 27 ,85 
3868 13 3941 

q 7 , 48 
13685 1013 111699 

(000 acres) 
1421 110 1432 

76 0 76 
Sij 1 61 

0 0 0 
1551 17 1568 

(000 acres) 
48142 1&58 48600 
11605 6 11610 
11130 2 11132 

Lill 0 45 
70920 466 71387 

(000 acres) 
1115 293 407 

0 52 52 
11 5 54 169 

0 0 0 
1230 399 1628 

( 000 acres) 
]3086 3113 36199 
24776 1423 26198 
12596 11 '1 8 13714 

105 0 105 
70563 56 154 76216 

( 000 acres) 
19602 6387 25990 
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317889 1 01 319190 
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(bu. /acre) 
72.0 1 21. 1 77.5 
41.0 71.5 ti 1. 5 
41. 2 61.3 47.5 
33.9 37.0 3].9 
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( tons/acre) 
10.8 26. 0 10.9 
9.6 0.0 9.6 

13.2 13.O 13.2 
o.o o.o 0.0 
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14.6 15.9 1 q.. 6 
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17.6 23,.3 18.8 
o.o 19.6 19 .6 

21 • 18.4 20.2 
o.o o.o 0 ., J 

17.9 22. 2 19. 0 
(bu. /3.::t'e) 

38.] 62.5 ij0.4 
32.1 QS.8 32.8 
32.4 51. 1 34.0 
19.8 32.0 19. 
35.0 56.1 36.6 

(to s/acre) 
1.7 3.6 2.2 

(t~ns/acra) 
0.6 2.8 0.6 
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exports levels are doubled, Tables 1Q and 61. The decline ·n 

the orth West occu~s while cultivated acreage increases by 

JSij tbo and acres. Table 60. However. the shift from row 

crop to close-grown crops reduces the per acre soil loss and 

the total loss in the zone. The Great Plains zone kas the 

largest percent increase in soil loss, 62 per=e t, as ezports 

are doubled, compared to only a 31 percent in=rease in acre

age, Table 60. W~en exports ·ncrease to three times the a -

erage level, soil loss i creases only 38 percent 10 the Great 

Plains. Table 68, compared to a 28 percent in=rease in acre

age* able 60. 

, he increase in total soil loss fro land classes IIIE 

a d IVE in most regions is more than proportio ' ate to the in

crease in acreage on the land class. Land classes I and II 

do not have proportionate ncreases 1n tota soil loss. 

These shift are consisteot with the relative eroa1bil1ty of 

soils io the vacious regions. The IIIE and IVE lands are in

corporat d into production under higher exports n the South 

Central, Nort Ceo tr al and South Atlantic regions vh ere ero

s on is already high. The class and II lands are incorpo-

, ated 1.n the Great Plains ,and the North and South West ,zone:. 

where erosion is ovec. 

On a per acre basis at the national lewel, soil loss in-

creases by 0.1 tons per acre as exports coble. By lan 

class, 1..nc eas in per acre soi loss occur only on the 
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Table 69. Per acre soil erosion on cu tivated lands in major 
zones with 5 ton soil loss restriction and double 
1969-71 average level 1exports in 2000 

Land class 
Zone other 

I II IIIE-IVE III-IV V-VIII Averag,e 

(tons, per acre) 

United Sta,tes 2.7 3.2 2.8 1.8 2,. 9 
North Atlantic 3.5 4.6 3.3 0 3.9 
South Atl.antic 3.4 3.6 3. 51 0 3.4 
North Central 2.8 3.6 2.7 0 2.9 
So th Central 3. 2 4.0 4.0 1.1 3.6 
Great Plains 2.0 2. o, 0.5 0 1.8 
orth West 1. 5, 1.9 0.9 2.1 1.6 

South West 2.5 3.2 1.19 1. '9 2.6 

Table 70. Pe·r acre soil eros on on cultivated lands in maJor 
zones with 5 ton soil loss restriction and triple 
1969 71 average level exports in 2000 

Land class 
Zone 1other 

I,II IIIE-IVE III-IV V VIII Average 

(tons per acre) 

United States 2.8 3.2 2.7 3.0 2.9 
-,orth Atlantic 3.8 4.3 3.7 0 3.9 

South Atlantic 3.1 3.5 3.5 0 3.2 
North Central 2.8 3.8 2.2 3.8 2.9 
South Central 3.2 4. 1.9 2.8 3.6 
Great c_lains 2.1 4.5 1.2 3.1 2.0 
orth West 1.4 1 .. 8 0.9 3.3 1.4 
outh West. 2.5 3.0 1 .. 8 1.7 2.5 
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• cce se 1.n th acreage fo he an c 3.sses occurs 1. 

h conto ng ands rip cropp n - erraci g alter ativ s. 

he So h A 1 ntic an o th Ce t al zone ha ea red ctio 

"n con entiona ti . lage- , tra·g ro farmi g IS export 

expa • Ted crease 1s ffset by an increase in reduced 

t ag and the co serv tion techn·ques, Tables 27, 72 and 73. 

Te co vent·ona t·11age- traig trow faring practLces in

cre - e in the Great P a·n , North iest and South West. Also, 

t ese zone- erosion is not s great a hazard ad th -1.0-

crease traigh row facming occurs on all and classes. 

In th set ree zones w th the tripling of exports, reduced ti lage only 

amount to 3.7 mil ion acres, up from the 1.2 million acres under average 

exports. 

Resource use atte ns 
.... 2i!JJ&li. ........ ~._..- ... _,_, ---~--

ationa ly, tota per acre resource input for rov crops 

increa e from $82.51 nder the average lev 1 e port alter a

tive, Table 3, to $91.68 under double exports, Table 74, aad 

to $120.38 when exports are tripled, Table 75. Co ts increase 

at a increa ·ng rate a the margina product of th~ vac~able 

input decline and t e implied ~eturn to the ore pro uctive 

fie inputs increases. Clo e-grovn crops on increase to 

imila r o lar el, but centage ba 
. 

t e on a pe s e in-

. 
er as .1. re rn or th close-grown crops l.S gr-eate an 

0 C O S ( 1 5 p C comp d to 11. 1 per nt a 

5 e t C a e 9 e C t w ::. 
• . -
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. orth e _ 
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exports increase fcom average to triple). 

Most of the increase in return per acre results fro~ the 

increased return to land. For rov crops and as exports 

double, the $9.17 increase in per acre resource use results 

from an $8.50 increase in the retQrn to land, leaving only 

$0.67 as the increase in return to other factors. Water re

ceives a smaller return per acre mostly as a r~ =ult of the 

large increase in total cultivated acres over vhich a small 

increa·se in water is allocated. In the zones vhere water is 

used, the per acre return to water reflects its greater use 

and value as its return increases. 

Region al increases in return per acre for row crops var-

ies as exports are increased. When exports double the re

gional percent increase in return per acre varies from -4.6 

percent in the Great Plains to 13.7 percent in the Nortb Cen

tral zone and 13.0 percent in the south Atlantic. The North 

Central and South Atlantic have almost equal percentage in

creases in total returns; however, in the North central 

$10.99 of the $11.58 increased total return g~es to land 

while in the south Atlantic only $4.65 of the $10.35 total 

increase goes to land. The remainder of the So~th Atlantic's 

increased return goes to the machinery, pesti=ide aad other 

(fertilizer) categocies. As exports of the feed grains, 

wheats and oilmeals increase,the Great Plains brings enough 

land into production to utilize the livestock wastes such 
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3S exports 

ripl • ·he .. e . ci e e . t :r: re, ei.ves tile o.e t largest rela.-

ive ga1.n vit 22 per=ent inc ea w oubled export and 

a 5 percent inc ease if exports triple. Tot~l returns for 

t e labor secto ere es by only 13 percent as e ports 

double and yo ly 30 pecce t if xports tr ple. Returns to 

all agri ultural y rela ed secto.c increase by. 31 percent 1m 

o a as ex ors dou , le an 10 percent as they riple. Sim-

to ab r, cine y, pesticide and "other" 

sec ors esults fro their fixed per acre value. Increases 

i . t e . r s · are f t e return re ults f o 1ncrea ,ed acreages 

and hift among regi ns. land classes, an conservation 

t· lage method. L dad water pr·ce, an returns are de

Hence, their 

returns are directly aff cted by com odity prices under t e 

different e po t levels. Th us. as expo ts 1.n.::rease, t e re

turn to an an water is affected proportiona1ly by price 

changes as veli a by heir respective levels of use. 

Regionally, increa es in returns range from 10 percent 

the South Wes as exports double to 206 percent in the 

Great Plains a eiports tr ple (Table 77). Tae large in

crease in the Great Plains results from the 1mcreased acreage 

as well as t increase per acre ret rn from hig er price. 

ot er zones, such as the North Centra, Sow h central, and 

Sout West. ave more es increases sine t eir acreage 
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ex 0 are n t ge n er reased export • In ab o-

te _ s t North Ce tea z a the 1 • e e D ge inc ease 1.n 

. e . rn • f 0 $7, 73 "llioo t $1 ,212 illion as ex orts 

double d 1 • 241 ·1 • expor triple. a 0 0 as s 

·v·d a 1 n C asses all have increa ,ses e cept the v-

VI I ca - wher the r urn pe acre drops a~ mo e of it is 

use a ate macgina et~ n er acre ·s reduced, Ta~les 50, 

78 and 79. w·th the 5 ton 01 los e tr·ction an average 

arts. the ca -V I l ha ea 6.72 per acre ent 

at rib ted mos ly to he $16.50 re n in he Sou h West). 

Dou ling export 1 crease th re nrn to a .1 ~nds cept t:ne 

V VIII lass in the S:> t et. the a th Central and 

N ct Wet zone, he re urn t the v- III lands increases 

and is above t - return to these lands 1.. t e outh est. 

e eturn dee ines int e so th Wes as V-VIII lan s are nJv 

used to ro ce elati ely ore close-grown cops and hay • 

Table 60. 

con om tive use of v ter for agriculture increases fro 

48.6 mil ion acre feet under average eiports to 50.J m·1 ·on 

acre f et under double exports and 10 55. 4 mill ion acre feet 

nnder r·p ed e port _, Tab es 54, BO and 81. Tbe ~issouri 

and xa -Gulf basins have no significan h age 1n water use 

under i creased expo s but al other asins o ~ave. The 

• as h sad cline i co mp ve us,e o a-
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Ta 1 80 Wi V 1 C mp e se of , ate 
t e a n h 5 to m 

lo 69-71 • s n 0 e e por 1. 

0 e 
----- - ------·---- -----~ ,__,.., __ ~ - - --- -- ----
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1 6 a 
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(00 

u i.ipa & 
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c e fe per year 

Wi h rawals 

6 201 5132 7429 
12958 6172 2218 

606 395 0 
22 ]1 116 8 0 227 
3989 1222 0 
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2707 14 1 2085 
2136 1 0311 1276 
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12585 67 5 0 

0 sump ive use 

0 q 21300 6613 
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490 7749 227 

1528 5 7 0 
2 2 ll9 5 1 4 
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32700 
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5402 
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!!I source: 35A, Table 7-3-4 and 7-3-5). 
~/ ncludes r cal domest·c, ll 1c1pal, self-supplied 

ind stria!, recreation, ,ining and thermal ele~tr1c power. 
£/rnc .. e o site use and water exports out o the 

western bas ns. 
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er for a ric t ce as more s transferred a be Califor .ia 

0 P cific b or se in ig return alterna ives. The 

e ai i g i er ba 1ns i crea econ ptive se of water as 

heir acreage of irrigated lands increase. 

rogen e incre ses proportionate ta th e port 

leve ,s, -able 82. Livestock pro ,uct1on of n·trogen increases 

y slig tly a rat ons, feeding period and regional produc-

ton patters a just to c anged expor s Legmm -prod ced n1-

roge incr a es in roportioo to increase acreages, v h ~n 

a j s · me t for the reduced yields re u1t·ng as the greate 

d ad reg ire u e oft e les prod c ive lads. rhe maJor 

sour e for he increased fertilizer de an is associa ed v·th 

t e cm ercia fertilizer sector. Its producti~D increases 

from 6.5 billio poun s to B.O billion as e ports double, 

ten to 9.6 billion pounds of p rcbased fert·11zer as exports 

triple. 

f~i~ ing_£2a_Y!!t_!!~!~-- 2-~~~2~t=1n££e!§!!~_eo!~~i~§ 

Farm leve prices un er he gLeater eiport levels are 

·ndicated n Table 83. With a doubling of exports from the 

1969-71 average level. soybeans odergo the largest percent 

ncrease i p ice. The shift in prices fo lovs the compara-

t e advan age in production Cotto 1 not aff cted greatly 

s1 ce .its ea 

,c ,ot ton ave a 

among mot r 

is not inc eased a a the area pro~ucing 

f"oite advan age for it (i.e., 

t· e fo substi u e er ps 

dis not 

soy eans are 
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pract ce drop to 71.7 percent for the l on restriction. 

ith re pect to tillage etbods, 94.2 percent of the utilized 

and 1s cultivated under straight row techniqmes when o 0·1 

oss res riction is po ea. The percentage · eclines to 48.8 

under t e 3 ton restriction Conc~rrently, t e use of con

touring is increasing fro 4.6 percen nder no restriction 

t 25.2 ercent of the acreage under the J tom re tciction. 

Stcip cropping n terracing ndergo the largest percentage 

increases and are mostly associated with conventional 

tillage. Te use of st ip cropping or terracing on lands in

c e ses from 1.2 ercent ~fall lands under the unrestrictei 

odel to 8.7 percent v th the 10 ton rest ·ction, 18.9 per

cent wi h the 5 ton restriction and to 26.0 under the 3 ton 

model. 

Land ad iater Al ocat10 s 

The unrestrained soil loss odel utilizes 586 ■illion 

acres of 1 nd n 2000. ovn 366 million acres fro the 1967 

actual acreage. Table 86 rhis reduction is largely doe to a 

decline of 31 million acres of pasture lands and 28 million 

acres of lan in falloa or allocated to exogenous crops. The 

remai ing 26 i lion acre re -action 1s mostly associated with 

a smalle acrea e of close grown crops as vhe~t mo es to laad 

not required for the row crops in the less arid acres of the 

orth Central ad So th central zones. Irrigated land de 

clines by 8.6 1 lion acres as depletio of groundwaters re-
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duces the water availability in the western area of the Great 

Pla.ins zon ·e. 

The i position of a 10 ton soil loss restraint fucther 

reduces the land used by 6 million acres. !ost of the reduc

tion occur~ in row crops categories as these com . odities are 

shifted to more productive lands. Further reductions in the 

evel of allowable soil loss redu es the acreage of rov crops 

and inc eases the acreage of irr gated close-grovn crops, 

dryla d and irrigated hays and drylana pasture. As the soil 

loss restraint LS reduced to 5 and 3 tons, tha total agricul

tural lan base increases as low-eros100 and low-productivity 

native pastures and hayland are used for fieli crops. Silage 

acreage declines fro 13.9 million acres nnder the unre

stricted model to 5.2 1ll1on acres under the 3 ton soil loss 

restriction. The decline in silages results from tbeic ero

sion characteristics. 

Regionally, the imposition of soil oss restrictions re-

duces the leve of the cultivated land base (~ow cr~ps and 

close-grown crops 1n tbe Sonth Atlantic. south central and 

North Central zones, rable 87. The North Central and south 

tlantic zones especially have an increase in hay and pasture 

land to compensate for s~ifts in Cllltivated lands. The more 

arid zones, including the Great Plains, North West and South 

West, have, increases in clos,e-grown crop • Tile Nort West 

and so th West also inc ease row crop acreage. 
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r1cult re 

l. t n irr·gated a reage. Tabl 86. e c ns u pt 1. v 

e is abo e the level esti ated for 1965 even thoug 1rr1g• 

ated acreage ar d vn. T 1 s po sible a be regio al 

dis r - butio of th ir · ig t d c o 

qu1 e en ts. 

f ec st e wa er re-

gr c lture and Environ e tal I 1 prowe ent 

Te results of al er ative s01 loss a alysis ina· 

C t ht agr c 1 u e ha t e oductive ad t ch Jlogical 

tons o o es 1. 0 ric s wMen xp rts 

a ea a erage e • S~i ero ion can b 

r d ce . o gh he use of pr a r r t c ions 

ducti n n g 

of ag ic ·l u to 

f 1.e d er s1. n co 

e eve of ed1. 

re e tme contr1.b ton 

o the v at ,ervay , 

ca p rt charac erist1c of the area. 

There hove e, a ra e-off in environ eo ~l qoality: as 

erosion s co t olle • t 1 vel of p s cide ad fer 1lizer 

ppl cat 
. 

. n 1 c eases a farmer hif o reduced til age 

methods. Thus, pol·cy ■ a ers , ust con~ider the · plication 

o ·n rea ed u e ft ese two com od1 f g oup 

i t·ons top 11 tion. 

I cease rod cti 10 · levels b o - ht abo 

od their co -

bye paned 

reases he per acre soil loss from 2 8 to 
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The increased acreage required for larger exports co. -

centrates increasingly on the lands farmed unier the redacea 

tillage methods. 

Increased exports necessarily regu1re more land for ag-

ricultural production or a mor·e inte,ns1.ve use of tha lands 

already farmed. Increased exports of feed grains, •heat an3 

the oilmeals directly influences the acreage of the rov crops 

and close-grown cropsr Table 89. these exports also influ

ence the acreage of hays, pasture and other crops as live

stock rations allow for changes in the feeds consumed. Ose 

of the dry and irrigated lands does not decline as the sub

stitutions and expanded eiports readjust the market. The 

only significant quantity of lands available for expansion of 

agriculture, above the tripled export level, is in pasture 

lands from which the livest,o ck has been removed. 

water and nitrogen use increase nearly in proportion to 

the increased acreage for greater exports. W~ter use changes 

reflect limits on vater and irrigable land availability .. 

Shifts in oitro,gen use reflect the pcoductiv1.-ty of the fer

tilizers used in the various regions and on t~e severa lana 

classes. 

The double and triple export levels were accompanied 

vith rather wide shifts in crop product.ion amon 1g land classes 

and agricultural regions and in the conservatio practices 

used. However, the odel indicates that with imposition of 
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s01.l loss restra1.0ts. export levels equa to triple t e 

1969-71 level could be atta1 ed while both (a) envi~onmental 

improve ent is attained through regionally and nationally 

imposed limits on soil loss, and (b) co odity prices are in

creased only modes ly. The nation's agric ltdral plant ap

parently has sufficient capacity and flexibility to allow si

mu taneous attainments in environ ental improvement. expanded 

exports and re,asonable farm commodity prices. The analysis, 

does, not, however, relate to exports as high a.s those eiperi

enced in 972 and 1973. 

gricultural Technological Requirements 

Erosion apparently can be controlled bf means of tbe 

technologies currently available t 10 ,agriculture with little 

.1.mpac.t on the sector• s poten tia.l to eet the :1. gr icul tural de

mands and odest export increases in the year 2000. 

he analysis indicates that the appropriate level of 

erosion control might be attained through (at a rather large

scale shift in crop production to contouring and strip 

cropping (with little terracing), (b) utilizing conventional 

tillage methods, and (c) through a shift of a=reage to 

reduced tillage methods. 

Agricultural Returns and Parm Price Levels 

The return to labor and water declines slightly with the 

imposition of the soil loss restraints llsed in this study. 
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Land returns increase greatly. Tbe reduce d ltbor return re

sults from the decline in total acceage cultivated. The 

reduced water return results from a shift o f production to 

the lover-valued, close-grown crops and away from highe~

value rov crops on irrigated land. 

For the model's agriculturdl c apacity and export levels 

analyzed, price ievels increase only as the allovable soil 

loss level becomes lov. A reduction in soil loss can be 

attained vith only minor increases in farm prices levels. As 

soil loss is lowered, and eiport levels are increased, com

modities associated vit1t more erosive land use patterus and 

the highly erosive areas of the nation experience the greater 

price increases. At the 5 ton soil loss restriction level 

(2.8 tons per acre actual soil loss) price increases are only 

about 5 percent when exports are at the 1969-71 level. If 

exports of the feed grains, wheat and oilmeals are increased, 

however, price increases are greater. While exports larger 

than tciple the 1969-71 level are not analyzej, greater de

mand magnitudes imply high commodity prices with restraining 

soil loss restrictions. An increase in exports to three 

times the 1969-71 level exhausts the capacity of the agricul

tural plant as all land available, given the 5 ton soil loss 

restriction, is used. Further expansion of tme demand would 

bring forth large price increases and little increase in sup

ply. Commodity supplies can be increased with modest price 

• 
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increases. up to the export leve where th available land 

base is fu ly utilized. Beyond this level, sapply can in

crea e only with substantial increases in pri=es unless more 

intensive production is used. 
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APPENDICES 

Appendix 1. Exogenous Crop Sector 

The exogenous crop sector defines tha allocation of lamd 

by region and land class, fertilizer nitrogen, and water for 

use by the crops not endogenously allocated by the model. 

These crops include broomcocn, buckwheat, cowpeas, dry beans, 

dry peas, flax, hops, occnards and vineyards, peanuts, 

potatoes, proso-millet, rice, rye, safflower, sugar cane, 

sunflowers, sweet potatoes, tobacco, and vegetables. Soil 

loss from lands utilized by these crops is not considered in 

the total accumulation of so il loss as data, and alternative 

cropping patterns are no t available. 

Water allocation for the exogenous crop sector is deter-

mined directly from the water use coefficients developed in 

Agri£Y!~yral i~ifil:_~~!~~2 (9). These per acre water use 

rates were applied to all acres and this value entered as t~e 

requirements for the exogenous crops. The allocation of land 

and nitrogen fertilizer are outlined in the following sec

tions. 

• 
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he acreage defined for use by land class is adjusted to 

reflect t e requirement for the production of the exogenous 

crops in 2000. The 1969 production and the p ojected produ:

tion in 2000 by state fo . most of the exogenous crops are ob

ta·ned fro the OBERS work of the Economic Research Service. L 

Acreages by state for eacb crop 10 1969 are obtained from 

the ~!a!!§..Y§_QE Ag,ri£Y.!t.!!~~ (35) and an average state yield 111 

1969 is determined. 2 Deao !! !!• (2) reports yields for the 

exogenous crops prod ced in California in 1969 !nd p ojecte 

y·elds for e ~ch of the crops in 2000.3 The ratio yield in 

2000/y·ei in 1969 s determined for each crop in tke 

California study (2). It 1s assu ed that the yields n eac 

stat vill increa e propo tionately to those 1n California, 

and the above rat·os are used to adjust all state yield from 

1969 to 2000. Acreage require ents for the year 2000 are 

1The 1972 OBEBS Report backup materials vere obtained 
through private c~ unication wit Dr. elvin L. Cotner, Di
rector, RED. u.s. Depar ent of Agr cult~re, March 1973 

zpor crops not included 10 the E.R.S data it is 
assumed that the acreage ceguire in the year 2000 w111 be 
the same as required in 1969 vith the production differential 
being made up by increase in yield per acre. 

3Y ' elds for the crops not included in Dean• study (2) 
were obtained y eitend og the 1949-1969 y1el~ tr .n1 from tbe 
Agriculture Census (32, 33, 34, 35) to the year 2000. 
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computed by dividing the estimated production by the project

ed yields per acre. 

All projections in the exogenous crop sector are made at 

the state level. The acreage is allocated to the counties 

within the state on the basis of the proportion of each crop 

grown in the county as reported in the 1.29~-~~~2y~_Q!_!g£i

£Ult~£~ (34).• The acreages of each of the exogenous crops 

in each producing area is determined by summing the projected 

acreage of the relevant crops in tbe producing area over the 

subset of counties consistent with the definition of the pro

ducing area. 

Within each producing area the exogenous crops are 

grouped into three categories according to their method of 

cultivation. These categories are rov crops, close-grown 

crops and orchards and vineyards. Acreages of these three 

categories are then all~cated to the different land groups in 

proportion to the calculated acres of other rov crops, close

grown crops and orchards and vineyards as determined by land 

class in the !~tio~~l_.!!!y~ntQI.I (3). This same procedure is 

used for both dcyland and irrigated acreages. If the pro

jected acreage requirement for the exogenoas crops is greater 

______ , ______ _ 
tThe 1964_~fil!fil!LQf_!g£ic~lt~te (34) was used for the 

state to county allocation as not ail 1969 state summaries 
vere published at the time of calculation. State data for 
1969 was available from the ~t!2!!.!l_2Y!!.!!£I (35). 
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tan the acreage availa le for the land group. the excess 

acres are allocated either to the land g oup Beit closest 1~ 

erosion hazard characteristic or to the sa eland group in 3D 

a Joining produc1 g area depending on the agrono ·c charac-

er1st1cs of the land groups, producing areas and cropping 

patterns reg iced to produce the exogenous crops. 

The use of D-trogeo by the exogenous cops represents! 

s · gnificant demand fo nitroge especially in the Gu f and 

est Coast areas. The amounts of o·trogen reguired by the 

speci 1c crop are determined fro the work of I ach aad 

Adams (11). he quantity sed per acre for each of the exog 

enous crops is ult1.pl ·ed by the acres calculated i t e re

gion. The assumption is ade that by 2000 t e application 

rate fo,r all acres will be equal to the application rate on 

the acres fertilized in Ibach ana Adams data.1 The region•~ 

nitrogen requirement for thee ogenous crops is determined 

as: 

RN(i) = El(i,m N(i.j) 
m 

where: 

l(i,) is the proJected acreage of crop m n producin~ 

---
This a sam pt· on is used as ti e ser es estimates o 

t e percent of acres receiving fertilizer are not &vailable 
for ost of the eiogenoas cops. 
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computed by dividing the estimated production by the project

ed yields per acre. 

All projections in the exogenous crop sector are made at 

the state level. The acreage is allocated to the counties 

witnin the state on the basis of the proportion of eacm crop 

grown in the county as reported in the 12§!_~~Q§Y2-~!_lg£i

£Ult~£~ (34). 1 The acreages of each of the exogenous crops 

in each producing area is determined by summing the projected 

acreage of the relevant crops in the producing area over the 

subset of counties consistent with the definition of tme pro

ducing area. 

Within each producing area the exogenous crops are 

grouped into three categories according to their method of 

cultivation. These categories are rov crops, close-grown 

crops and orchards and vineyards. Acreages of these three 

categories are then allocated to the different land groaps 1n 

proportion to the calculated acres of other rov crops, close

grovn crops and orchards and vineyards as determined by land 

class in the ~li~~~L!~~~!ll.Q.£.I (3). This same procedure is 

used for both dryland and irrigated acreages. If the pro

jected acreage requirement for the exogenoas crops is greater 

--- ---------
tThe 1964_£fil!fil!2_Qt_!g[icy!t~£e (34) was used for the 

state to county allocation as not ail 1969 state summaries 
vere published at the time of calculation. state data for 
1969 vas available from the !ati2!l!l-~Y~~[I (35). 
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than the ~c eage available for he land gronp. the excess 

acres are allocated either to the land group next closest 1m 

erosion azard character·stic or to the same land gcoup in in 

adjoining producing are& depending on the agronomic charac

teristics of the land groups. producing areas and cropping 

patterns required to produce the exogenous crops. 

1iit,r2g~n_t.9£~!B!-!~2~!l5!!!§_£~22 

Te use o nitrogen by the exogenous crops represents i 

significant demand for nitrogen especially n tlle G f and 

west Coast areas. The amounts of nitrogen required by the 

specific crops are determined from the work of Ibac~ amd 

Adam (11). The quant '" ty used per acre for each ot· the ,e og-

enous crops 1.s multiplied by the acres calcu &ted in the re

gion. The assumption is made that by 2000 tba applicat on 

rate for all acres vill be egua1 to the application rate on 

the acres fert1.l1zed in Ibach and Ad.am , data. 1 The region•; 

nitrogen requirement for the exogenous crops is determined 

as: 

BN (l.) - I: (i. m) N (1., j) 
m 

11here: 

(i.) ·s the proJected acreage of crop min producio~ 

--- ._,. __ aw:_ - ·www..--------

JTbis a sum pt ·on is used as time series estimates of 
he percent of acres receiving fertilizer are oot available 

for ost of the exogenolls crops. 
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area i in 2000; 

N(i,m) is the projected per acre use of nitrogen by 

crop min producing area i in 2000; 

RN(i) is the total projected fertilizer nitrogen 

equivalent of all crops in producing area i in 

2000. 

Appendix 2. Development of the Livestock Sector 

~he equilibrium of the livestock sector is partially de

termined exogenous and partially endogenous to the model. 

The dairy, pork and beef production sectors are endogenous 

while the poultry, sheep and other livestock are allocated 

exogenous to the aodel. 

Rations for the exogeno us liYestock are d~terained as 

give the quan~ity of each of the commodities required per 

unit of the livestock class. These quantities are withdrawn 

from the consuming region co mmodity markets at a level con

sistent vith the projected level of the relevant livestock 

class. The water requirements of the exogenous livestock, in 

--- ....... -----llctivities are defined to create the coaaodity needs 
for the production of broilers, turkeys, e~gs, sheep and 
lambs and a general categ~ry for other aniaals, such as 
horses, mules, ducks and zoo animals. 
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the ego o t e wes , a r al o ob ai d fro il~.:.£.Y.!.t.ll_!,!, 

The use f he co 1od1 ies. cept oil eals, by each 

c ass f exogeno 11 e tock repre ents a irect de an o 

th regio al co odity arket. he oil eal de and s 

ad~ sted to reflect the amount O - high p oteio a Lal fee 

od ced as a by- odu t from the slaoghter of the exogenous 

live tock. 

h nti yo ni r gen eg ·valent wast produc d by 

broi es s de er~·nea as esc ibed lat rand a co parable 

produc i troge waste • calcu - ed the t on 0 1S or er 

r C a ses ha ed 0 feed co SU ptio and com od ty ro-

d • to broile Sheep and b C on e e a was es ar ca • 

cu ate fro he C ff1.c1ent 0 the endog ous ru l. a ts 

-

ba ed OD the waste producti n per n·t of Oll p t. more de-

t a1. la 
., 

of t I 

waste cal::ulati e ex a .1 on e l. rogen D 1 l..D-

cl d n he 1. tr gen 11a es ect1on. 

The e!! 1Q.Q.9:!!!2-..!_l~!-2!!2£!-_!!£!2~ 

Ac ivitie for he cod ction o pork, ilk. feeders and 

fed bee are ef ned in -ach of the 223 p educing areas. Te 

-~---lillit-------~-
1 e q antit , of 19h p otein 1.l eal al pro-

y e ex gen u es tock 5 de e y evalua g 
rel twee la ug · te va e a al a 1. a 
e CODSU e a t e ocated to 
lase of ock bas t e opor n of ast s 

fro 11 
.. • ed f an ma .1. g ,a 0 e g s. 
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activity costs and output levels are based oo the work of 

Eyvindson (8) and are weighted into the 223 producing areas 

and proJected to 2000 using the procedure outline in ![t!£Yl-

!Y~l-!~!!£-122!~ng§ (9). 

A modified system of ration detecmination is used for 

this analysis. Rather than allow for nutrient transfers from 

the commodities to the livestock rations as h~s been done in 

previous models (8, 9, 10), this model allovs alternative 

rations for the livestock activities which draw directly from 

the commodity balance rows. Under the nutrient tramsfer sys

tem balanced rations are determined endogenous to the modal, 

but it is possible to have rations which, because of the com

modities included, are not palatable to the livestock units. 

An example is to provide the energy component of a beef 

feeding ration from wheat which under normal management sys

tems is not a feasible alternative. All rati~ns pr~vided f~r 

each of the livestock groups are balanced in separate mathe

matical formulations based on the n~trient requirements spe

cified by the National Academy of Sciences (17, 18, 19). Tae 

rations are formulated to provide alternative leYels of sub

stitution between grains, between roughages amd grains, and 

between the rou~hages given a grain component. These rations 

reflect research-based recommendations which approximate an 

optimal level of feeding efficiency. In order to account f~r 

the "inefficiency" of actual production, the rations are 
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, ed to set tbe level of o al n trient co ption a 

ands (9J. By p avid nq these a ternat ve rat o a linear 

co bi ation of them provides the system with as ff.ciently 

large number of possible rations vith vhich to mini ize the 

feed co ts of he respective lives ock gcoap 

In the ratioms the oilm ,eal require -ents a e b,ase,a on the 

total e nd for oybean eal egg·vale t kigh protein upple

ent. Part of tbis reiuire ent is atisfied by h gh protein 

gain by-p oducts or from ani al scrap. An i jut eot is 

made to de ine the h gb p otein reguiremeo • er of 

soybean oilmea , eq ·valent only. Te bis or1c consumpt·on 

patterns of ani al and "grai" prot n are related to 

sla gb er an llin ,g, respect· vely, and the consa -ption 

level per nit of processing dete mined is assu ed t hold to 

2000. Li estoc product on has its high protein de ands 

reduced by the expected prod oction ro each type of live-

s ock and the 1.lling pC"odoction is adJus ed for as the per 

capita consu p 1. on for the, ,grain co modi ties is deter ioed. 

Livestock vastes historically have served as a ready 

ource of plant natrients. iitb the ad ance of tec~no ogy 

a , d the result1ag concentration of large num ers of livesto=k 

in localized feedi g facili ie, the di posal of the waste 

rod c ts as bee o e f concern t the op ra ors of the facil-
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sis the slope gradient factor relative to a nine per

cent slope; 

C is the crop management factor which relates to a par

ticular crop rotation and tillage practice and 

Pis the erosion control practice factor w~icn relates 

to the conservation practice. 1 

For details on the factors and on the comp~ta~ional proce-

dures used see Wischmeier and Smith (38) and "Technical 

Release 51" (6). Po.r the areas east of the Rocky Mountains, 

the above variables are defined as the dominate value exis

ting on each soil class and subclass in the area of report

ing. The soil loss is then computed by Land Resourc e Area 

for each feasible combination of crop rotation, conservation 

practice, tillage method and soil class defined from the scs 

data questionnaire . 

The soil loss defined above for the relevant of the 29 

major soil classes and subclasses is aggregated using 

weighting functions deterained from the «~t!2!~1-lnI~!llQ£I 

(3) to get soil loss by the nine soil classes. The soil loss 

bJ cropping management system is weighted to the producing 

area from the scs data area as follows; 

--- --------
1 The data for this equation are obtained from tables in 

Wischmeier and Smith (38) and the regional data given foL the 
soil classes in a questionnaire completed in conjunction vith 
the Soil Conservation Service, USDA. 

• 
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- 1, ... , the n b r f crop anageme t ystem, de-
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- • • • • 1 ' for the soil gro ps, 
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on soil gr u j in prod cing area. m • 

SL(i.j#) i t e oil loss for crop anagemen system 

ion soil gro p J cons·ste wit scs data are1 

• .. 
(J,k,n,m s the acres of tillable soil group Jin 

part n of pr d cing area ■ and is cons stent 

wit s data area k and; 

(j,m 1 the to al tillable acres of soil gro p j in 

od cing ar a m. 

s coefficie ts a e att e to th ■ appropr1a e rop po-

ct o ac t.1 vi ty d ceflect the severi y of erosi n for the 

cnit', nso hich t e cro pig manage ent sy te ■ 
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X(t) is the numbec ~f units of fertilizer applied per 

. acre 1.n year t; 

PF(t} is the proportion of the acreage receiving fer

tilizer in year t, developed from a linear trend ,f 

the proportion of crop acres receiving fertilizer 

and; 

t is years after 194 9. 

The X(t) defined above represents: 

• 

X (t) - PO (t) * (LN (PX/PC) - LN(a) - (LN ( LN • 8))) /LN • 8 

where: 

ln is the natural l~g of base e; 

Px is the weighted price of a unit of fertilizer; 

PC is the price of a unit of crop c; 

PO(t) is a linear estimate of the proportion of the 

optimum rate of fertilizer applied in year (t). 

The last multiplicative factor in the above eguation repre

sents an estimate of the optimum application of fectilizer 

obtained by solving the marginal conditions of a profit 

maximization system8 

The second step in the determination of yields is to 

weight the state functions by the proportion of the acres in 

each producing area and aggregate the producing area parts 

into functions which can predict the yield on a producing 

area basis. The weights are developed from tBe 12~f_£~~~~~ 



218 

2~_![[ £~i1lll:~ (34) ad are re re ented by: 

i (i,, m. ) - EA (1, ,J m /£ (i, k, m -

k 
m 
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These adJustments c~mpleted the calc l ,at on of yields as de

termine from the respo se function ef the area, the land 

class. he rotation, the coo ervation practice and the 

til age met od. 

e fertilizer coefficients deweloped fr - m the f nctio s 

were independent of the and class. the consecvation practi=e 

or t e til age method. The functions develop~d by Stoecker 

(27) pro ided t e basis for determining the level of nitrog n 

u -lementatio · required The level of co mercial fertilizi-

tion req ired to eet the p ojec ed yi lds were determined by 

taking the optimum level f fertilizer use as determined from 

the f nction an subtracting the amount proviied by the 

legumes, if any, L the ratation The legume nitro en data 

s developed fro results reported n agronomy publications 

(16, 23. 25 and through consultation w th 1lliam Sh ader. 1 

n est1.mate of function was de eloped vhich rela ed nitro-

fe • • 
1 izer e 

-

.1.va e ca rry-ove of the legume as a func 

tion of he ield of the egu e. only those legu es w 'ch 

of e t ten Lal of high nitrogen rod ct o are ·ocludei 

e deve oping t e f n .. h1.s se lee ti v t y a 1 ve 1 for 

t but r anagement 

- ----~-- -
. 

S 0 0 y, ov 1. s , S , 

0 • 
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. 
h b i e e n 0 0 C y-ove ·tro e T e 

l ,e - um y p OV" .1. e C y- er fo a t11 yea • pez:1. - ft [' a 

. ,., 

0 l. 1 in s 'n n f ,Dct n . te th fi t and econd 

y a \) t · o of ·t 0 en. b - i _ 0 t y. a f net. OD 

- o.o y - • OY• • 2 0 y *3 -

an the co,n ye f ctio 
. 
l. 

N2 - 81. 5, - ( 1 • ) • B* *, 
w e 1 an t · e p u so n ge PP y t 

eg · me fr the er ollov·n the fir t aod e n ye r fter 

plowin I espect.1. e y# and y represent th a 1 nual y el n 

to ,dry • t hay equiv alen of th le d s 0 we u e y ri.ng 

he yeac ·t rv te • The e feet of l u es d e D t 

incl n anu g e poo - e ut r the nly the re-

n co 1 - ft r a leg me y co , . T 1 typ of e 

e ti ization o the ro g~age oc ee 

an a so the nit og n c r y-o • 

A sim1. r un t .1.on r at n a be devel ed a or 

aod Vos . ( 24) 

rovide approx · mately one poun , of 

over fa t e rop 

per 

r 

a cai: ry

t e ollo~ing year. After adj st· 

s , detec11 d by op m z n t e r tion 

r · on sh i ps, for , he ll o un uppl · ed by the pr vious years 

le e -co, the 01 og coefficient for the ropp · ng ma 

g 11eot e is etermi ed. 
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e s ,ource a supply for the nitrogen requ·re en . 
l.S 

determined endogenously in the nitrogen sector of the o el. 

he nitrogen can be obtained fro purchase of com e~cial ni

trogen fert izer or through the use of livestock wastes 

e non-nitre en fertilizer reqQiced to satisfy the calc la

ted optimum application rate i purchase and be c~sts are 

incl e in vith the rest of the production costs to give the 

exogenous var able costs of p~oduction for the system. 

Appendix 5. oe - elopment of the Crop Minagement 
sys te costs 

-

The source of the bas·c data used i deter 1m ng the 

casts of pr,oducti ,n is Eyv · o dson (8). The machinery, labor, 

p ticide, non-n1tro en fertilizer and m·scellaneous costs of 

Eyvindson are weighted to the 223 prodocing are~s f~r each Jf 

the 11 endogenous crops 1 using county acreages as tke ~eights 

an the following relationship: 

C(i,j.k) - EC(~ .J, ) * A j,mJ/A(j, ) 
me:k 

- 1, •••• 5, for i ery, labor. pestic1d 3 s, fer-
tilizer ad 1 c la eou co ts, 

J - 1 - , • • • • 
k - 1. • • • • 
m - 1 - , • • • , 

--------
1 e , o 

, nonle ume 
, 0 ean 

1 fo the endo enous crops, 
223 forte oducin areas, 

umhe of count·es in prod cin area k. 

C ps e rl y, co n, orn 1 e, 
y ,. me h - y, at , 0[' um, sorg um 

n wheat. 
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not moisture def icient. ,, 1 Figure 12, a direct tradeoff ltas 

een deter,mined with the saY ing in achinery cost being 

equally offset by increased herbicide costs (1. J. 13, 22). 

In arid areas the adjustment consisted of a $3.00 iocrease in 

herbicide cost for each 1 reduction in oonherbici e cos s. 

This is consist nt with t e exten ive faring me hod ased 

resultiog in a ucb reduced weed problem. 

The costs ref ect regional a erage costs of product·on 

and a response to summer fallow 1 equi ed for those crops 

rmally grovn in a S ' mm r fallov to ati o Fco ttie Select-------------
_g_[!._:._~t,OJ2 BY.Sl.9!!:t§ (6, 7) a relative use f fertilizer and 

h rb ci e was obta ned for the plans rea heres er 

allovi g - com n ( ·guce 11). The adjustman s r f ected a 

4 e et red ction in pe ticide aft r sum -er fa low ad an 

·nccease of 50 pe c t ifs e a ilov 1 not pat of he 

o ation int a J s ents res 1 sf~ 

. 
clo t af fa ata. e verage ing e :> e er er OW as 

es lt f the large percen 0 a 1 acre a um er fal OW 

• • lar j t mad f il·z r a l.O • 1 a e r use 

fa lo ati 
. 

2 of C ps in mmer a rece1v1D.g • e 

ti • 1.18 av ra e OU er ng g e C rec l. g 

t t av ra e. 

B 1 g o·stu e f·c en · dicat n e -c 
a e apo ran -pication o er r i ita o 

of o en-





S mmer fal ow area s 

13. er fallcv areas of the nation 
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PW(i) 1s the proportio of acres of land class i 

terraced havi , g grassed waterways for drainage; 

W(i) is the cost per terraced acre foe grassed water

ways consistent with the terraces on land class 1; 

PT (i) is the proport on of acres of lani c ass i 

terracad aving tiled outlets for drainage; 

T(i) is the cot per terraced acre of tiling and 

drainage cons stent with the terraces on land clas~ 

p 

• 
I 

(i) is the the propoc ion of all lanl inc ass 

which ·s feasible to terrace; 

1 · t e f ctor to adju t for a 10 year amort ,ze 

1fe of the terrace.1 

From the any cost com onents the final produ=tion =ost is 

d t rmine fo eac c opp1 g manageme t system as: 

C(i,j,k) - I:( (~,j,m +L ,j,m + P(i,j,m) 
m 

+P (. , j • m) MS ( . , j , m) ) R (i , j , ) ) + C ( j • ) 

• the numb of an.agement system 1 - r crop 1 , •••• 
the prod 

.. 
C1 g area. 

. , , 22 for the prod . 
J - cing areas, • , 
k - 1 , 18 for t e land classes, 1, 9 d y-- . . . , •••• 

land, a , 0, 
• • • I 18 irr 1gat · d, 

t , mber of . the • 
m - e D crop 10 Ct'O ping em, • .. , 

---~-- -------~-------
tA 10-ye r 

ti:a eof i 
aw r iz d ife for ter ac s repre e ts a 
loner z tio per od n incl on of 

r p ma n ce co ts. 
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c ops, 1 nonrotation hays and nonrotation past res are deter

ined by ag r gating the county acreages as d2termined fro 

u e n eac of the 29 class-subclass catego es clas fied 

di t ty of d"ffel:'e t 
. · azards acco 0 e r conserva LOO 

cl from thr I • ght he es e e g e an 

u C s s defin Wl. hi eac of e a r cl asses, e cept 

0 e, 1 ct 0 r co ser a 1.on ltaza ds The ha a 1.nclu a 

eros~on, sub il exposur tic 

en i g nor al crop po uct·o. c ss -ne 

an ve n u cl s designa ions ad t ere 1 

cate o y are con idered ob dequately rea ed ani fleet 

o haza.r 

T e county ta epo~te 3 

are a greg ted t the pcoducing areas nd the 29 cl ss-

subclas goops de e fr dryland and irrigated are 

aggregate ogive nine l nd groups which exhibi 
. 

a cange J.Cl 

• eros o hazar , y·e1 an fa he ,and 

ba e sed fa the endogeno dryland or i rigated crop rep-

-e en o crops ·oclade barley, corn, con 
ilage, otton ume hay non egu e ay, oats. sorghu, 
org ilag, soybea , s garb et an w e3 • 
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at er h yl n , wh ·c 1.s continuo s excep fa infrequent in-

terruptions to re-establ1 has an Te cost and yield co-

ef ic en s for these act iv it ie are dete, mine by veig ting 

toge her t e resp,ective •w ld ay 11 a d 11 i proved hay" activ -

coeff .ic e t from Afl£i£Y._tu£!,_ sl1.~&. !!!! g_ ___ • A f nal 

of ou d ct v ties i de ined, on d y I nd on y, to cepre

e t t e grazin - of fore and b sh ands coeffi ·ents for 

t - · se of activ·t· s are de ecm· ed fro the • as u e not 

n f m It acti ti.es de C . e in ~st-i.£!!.lt_r! ___ ,g!!r _I!,~ma_da ■ 
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