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PREFACE

This report summarizes the nature and results of a model
developad under an ISU-RANN project dealing with land and wa-
ter use, agricultural technology, policy; and the environ-
ment. The model and its application represent only one of
the several activities underwvay and being completed unier
this project. Subsequent models and reports will include
other dimensions of problems surrounding resource use, agri-
cultural productivity, and national environaeatal goals in-
cluding livestock wastes, pesticides, and chemical fertiliz-
ers.

The model reported emphasizes alternativas and potsntial
goals in soil loss control as one means of environmental im-
provement. At the same time, the model also 2valuates alter-
natives in land use, irrigation water allocation, farming
technologies, and export potentials as these affect food
supplies, farm prices, consumer food costs, faoreign market
possibilities, and general goals in resource productivity and
environrental improvement. The alternatives analyz2d in this
study represent a subset of the total for which it has capa-
bilities. For example, the model allows avaluation of the

impact 9of national goals or alternatives on the distribution
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of benefits and costs among the various land ani water
owners, and their rural communities. However, because of the
length of the report, analysis of differential regional
impacts on pricas, incores and resource values are reserved

for a later report.

The public environment goals implied in state and fedec-
al legislation being enacted or pssed can hava2 economiz
impact at both the regionil or community lavel and the ajgra-
Jate or macro leval. The model applied to the U.S. agricul-
tural sector is designed to measure impacts at both levels.
Whether or not various environmental joals ar2 politically
dcceptable will dspend on the pattern and intansity of thes2
impacts by region. similarly, whether or not an enviconnen-
tal projram enactead by a state and relating to soil loss or
pesticide and chemical use brings jain at the nitional lavel
at the a2xpense Jf the state's farm income, or vice versa,
will depend on the nature of regional interdepenlencies
through commodity and resource markets. The nolals unl-r
construction in the ISU-aANN research project are specifiel
in a manner to reflect interdependencics amony regional, con-
modity, and resource groups.

This project has benefitted greatly through the direct
help and the advice of many peopl2 and numerous organiza-
tions. The organizations which have provided services, data,

and help include: the RANN Program of the National Sciencze
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Foundation, the Sail Conservation Service and the Econonmic
Research Service of the U.S. Department of Agriculture, and
the Buresau of Raclamation of the U.S. Departmant of Interior.
Persons who have provided direct help and input for the
study are James Wade, Dan Dvoskin, Vince Sposito, aad others
of the staff of the Center for Agricultural and Ruril Devel-
opment, Iowa States University. The project hias benafitted
from the guidance and advice cf the project aivisory commit-
tee incluiing N.C. Brady, Cornell University; William M.
Johnson, Soil Conservation Service; D.F. Peterson, Utah State
University; Oscar R. Burt, University of Zalifornia; Eail R.
Mrak, University of Califormia; and George E. Smith, Univer-
sity of Missouri. We are particularly indebtad to William
Johnson, Soil Conservation Service; Mac Gray, Soil Consarva-
tion Service; and Larry Tombaugh, the National Science Foun-
dation, for their aid in obtaininy data and ra2search ser-
vices. The Soil Conservation Servics suppliel ietailed data
on soil loss for the many land resource groups, crops, and
tield technologies included in the study and should be con-
sidered as a cooperating institution in this study.

Kenneth J. Nicol

Earl 0. Heady
Howard C. Madsea



TABLE OF CONTENTS

PREFACEo-oootcctoooonn'.o-' ------ s s 0

GENERAL SUMMARY ,......cocvveennnnenns

INTRODUCTION ......... sesensenes cerenns

ROLE OF LAND USE AND SOIL LOSS IN THE ENVIRONMENT ......

Soil Particle Movement ........

Distribution of Erosive Lands .....

THE STUDY .............. I

Objectives of the Study........... ceseereees

Assumptions for the Analysis

THE MODEL ............ crreer e .

The Regions Used .......c..iieeenrontneernnnsoconeeneananns

The data FeGLONS ... c.itininieerrrenrineernonneenneanns

The producing areas ..........000u.

The water supply regions,..,.........

The market regions

Activity and Resource Restraint Coefficients,..,,.....

The population and industry activities ,............

International trade .,.......cvvttiiiennnnennns cereennen .o

The exogenous agricultural sector ,,

The crop production sector

10

11

14

17

17

19

19

22

22

24

27

29

31



vi

Page
The livestock production sector....................... 38
Determination of resource levels............. e 40
The commodity and resource transfer sections ....... 46
Regional Restraints Imposed on the Model .............. 48
Bestraints imposed at the producing area level..... 48
Restraints defined at the water supply
region level ............. e e e e e e 54
Restraints at the market region level................ 56
Restraints defined at the nationmal lavel ............ 58
The Objective Function ................ e 59
SOIL LOSS RESTRICTIONS AND TRADEOFFS IN
AGRICULTURAL PRODUCTION, RESOURCE USE,
AND PRICES ..o vvveevrnrocnenanss et 62
Production Patterns Under No Soil Loss
N1 o Rk b e ) W R C I 64
Land use PAatbeCDS .......ceeinniireirie i 64
Acreage utilization by lamd class .................... 69
Regional land use patterInsS..............co.veeeeeens L. 712
Production Patterns with Restriction on
SOLL LOSS vvvvevvnenrennenaonesansoane sonsaessonncnascnas 77
SOLl 10SS leVelS . v.uierernenrreeinernoineascnnaannces 77
Land use and agricultural production patterns...... 89
Shifts in irrigated and dryland acreages............ 97
Production shifts by land classes ................co0 107

Yield AiMPAaCES ...civuviiiieii e . 109



vii

Page
Shifts in livestock production,...........cevevvuvenn . 119
Resource use and income distribution .. . . . .. L. 121

Nitrogen balances ., ., . .......cc¢eeeevevenenrnnennsenoes 137

Price EffeCtS viveeereereerarnesotoseesnossosossasonsasss weaes 143

THE IMPACT OF EXPANDED EXPORTS .........cc000veevvcncccenaes. 146

Production Patterns Under Expanded Exports............ 147
Land use and irrigated acreage,...... Cheereniaans ee.e. 149
Average yields .......... et eerenee e e .. 153
Soil loss levels............... Ceeieeeese s ceeieieaes 158
Resource use patterns...... ceeeen f et e raeace et e, 168
Shifts in returns among‘resources ,,,,,,,,,,, e, 172
Use of wvater and nitrogen.,.......... ceieee e . 176

Price and consumer impacts of export-

increasing policies ......... et it e e, 180

SUMMARY AND IMPLICATIONS ...... . Ceesseraan Ceesciaacsaaeana 184
Erosion and Erosion Control Methods ,................... 186
Land and Water Allocatioms ............................... 188

Agriculture and Environmental

Improvement ............. cecercennsoensinse ctecesiinieonns 192
Agricultural Technological Requirements,............... 196
Agricultural Returns and Farm Price Levels . . ...... .. 196

REFERENCES.......... Ceeenne teieseeiesiananise s aretasesieeseaann 199
APPENDICES........ ereaen . Cereiareaas Ceeieanaiaes cene 203



viii

Page
Acreages allocated faor use by exogenous crops ...... 204
Nitrogen for the exogenous CLOPS .........ovvvvunvnnen . 206
Appendix 2. Development of the
Livestock Sector .........vcvvvieenennennnn.s 207
The exogendsus livestock sector ....................... . 207
The endogenous livestock sector .................... ... 208
Livestock production of nitrogenous wast2s .......... 210
Appendix 3. Determination of the Soil
Loss Coefficient........ et e . 212
Appendir 4, Davelopment of the Crop
Yield Coefficients .................. ... ... 216
Yield determination ........... ettt e 216
Fertilizer use coefficients for the crops ........... 220
Appendix 5. Developmeat of the Crop Managzment
System Costs.............. i ieee e 222
Appendix 6. Determination of the Land Base........... 229
Land base for the endogenous CLOPS ,,........covuvevne 230

Acreage available for the noncultivated
hays and pastures ....... .. ittt 231



Number

10

11

12

13

ix

LIST OF TABLES

Page
Summary of erosion potential by land class on
privately owned lands in the United States, 1967 ..... . 8
Level of soil loss and exports for the alternative
models ..c.oevevsocnnns ceesennes tesesereasssasranasnen . 13
Projected per capita consumption levels for the
commodities in the year 2000 ........ cesesaecaeens P
Net foreign trade of the commodities used for the
year 2000 .......... cesecassarsenernns ceesnen e ens vees 28
Commodities produced by the endogenous livestock
classes ....... cesesssansens cesesenoarons vesacoasssnses 40
Land class and subclasses aggregated to the nine
land groups ....... cevesasnes eeseecssssessesr e e auy 42
Total dryland and irrigated acreages in the nine
1and BYOUPS ivevverrnoersoosansrossassaossassonssassns 42
Dryland crop acreages in major zones by soil
capability class in 1967 ...oeeeavencnneen et ae e 67
Dryland acreages in major zones with unlimited
soil loss and 69-71 average exports in 2000
(Model A) .....ccevccnnenn I 68
Irrigated crop acreages in major zones by soil
class in 1967 ....cecveeccnnonneccns Cee b e cer 70
Irrigated acreages in major zones with unlimited
soil loss and 69-71 average exports in 2000
(Model A) ..vviriirrnnnenieranonnarscnnsaanearanees veee 71
Total soil erosion on cultivated lands in major
zones with unlimited soil loss and average level
exports in 2000 (Model A) ..vievrneconncnsercnncnanacss 78

Total soil erosion on cultivated lands in major
zones with 10 maximum soil loss and average level
exports in 2000 (Model B) .......... Chasrasanes cesesnie 78



Number

14

15

16

17

18

19

20

21

22

23

24

25

Total soil erosion on cultivated lands in major
zones with 5 ton maximum soil loss and average
level exports in 2000 (Model C) .......covcvvenrann oo

Total soil erosion on cultivated lands in major
zones with 3 ton maximum soil loss and average

level exports in 2000 (Model D) .......... Cierses et

Average per acre soil loss by region for

alternative soil loss restrictions in 2000 ........ ceens

National average per acre soil 1oss'by land
class for alternative soil loss restrictions
in 2000 ..... I A ceos

Per acre soil erosion on cultivated lands in
major zones with unlimited soil loss and

average level exports in 2000 (Model A) ............c0.,

Per acre soil erosion on cultivated lands in
major zones with 10 ton maximum soil loss

and average level exports in 2000 (Model B) .......... ..

Per acre soil erosiononcultivated lands in
major 2ones with 5 ton maximum soil loss

and average level exports in 2000 (Model C) ........... .

Per acre soil erosion on cultivated lands in
major zones with 3 ton maximum soil loss and
average level exports in 2000 (Model D) ............. .

Per acre soil loss by conservation-tillage
practice for alternative soil loss restrictions

in 2000 ......c00iinnnn e eeensasereaecaeenreerses cevee

National production of row crops, close-grown
crops, rotation roughage crops and permanent
roughage crops under alternmative soil restriction

levels in 2000 ........ccvvuuen tesesectaenesecreearannas

Acreages of cultivated land by conservation-
tillage practices for alternative soil loss
restrictions in 2000 ............ Cetecesiacteaaerernn e

Acreages under conservation practices in major
zones with unlimited soil loss and 69-71 average

exports in 2000 (Model A) .........cceivuvuens Cheeaeann

79

82

82

85

85

86

86

87

87

91

92



Number

26

27

28

29

30

31

32

33

34

35

36

37

xi

Page

Acreages under conservation practices in major
zones with 10 ton maximum soil loss and 69-71
average exports in 2000 (Model B) .......coveeuennvavess 93

Acreages under conservation practices in
major zones with 5 ton maximum soil loss and
69-71 average exports in 2000 (Model C) ........... veees 94

Acreages under conservation practices in major
zones with 3 ton maximum soil loss and 69-71
average exports in 2000 (Model D) .....covevvivnnennss . 95

Dryland acreages in major zones with 10 ton
maximum soil loss and 69-71 average exports imn
2000 (Model B) ....ivvevnnvuvencnsroscoonass cirerensese. 98

Dryland acreages in major zones with 5 ton
maximum soil loss and 69-71 average exports in
2000 (Model C) .....ovvvvvnnns ceseos tesesesessanaseseaan 99

Dryland acreages in major zones with 3 ton
maximum soil loss and 69-71 average exports in
2000 (Model D) ..eevvsevvennnnnans N tesicaasenanns . 100

Irrigated acreages in major zones with 10 ton
maximum soil loss and 69-71 average exports in
2000 (Model B) ..... Ceeeeraesaeas teeciar et asnonea cees. 104

Irrigated acreages in major zomes with 5 ton
maximum soil loss and 69-71 average exports in
2000 (Model C) @ ¢ 0 0 0000 00 0 00 0SB E NS EE RIS 105

Irrigated acreages in major zones with 3 ton
maximum soil loss and 69-71 average exports in
2000 (MOdEI D) e o s 0 0000 9600008 0 0 8 60060020 0000000008000 106

Percent of the acreage of specific crops falling
in land classes I and II for alternate levels of
allowable soil 1oss in 2000 ,......cvvvveveervecvenasss. 108

Acreage and average yield of crops by land class
in the United States with unlimited soil loss and
69-71 average exports in 2000 (Model A) ................ 110

Acreage and average yield of crops by land class
in the United States with 10 ton maximum soil loss
and 69-71 average exports in 2000 (Model B) ........ vees 112



Number

38

39

40

41

42

43

44

45

46

47

48

49

xii

Acreage and average yield of crops by land
class in the United States with 5 ton maximum
soil loss and 69-71 average exports in 2000

(Model C) ............ ceeaa e reete e ienns ciee e

Acreage and average yield of crops by land class
in the United States with 3 ton maximum soil loss

and 69-71 average exports in 2000 (Model D) ,.........

Commodity use in livestock production under

alternative soil loss restrictions in 2000 ...........

Value of resource use in crop production by major
zones in the United States for unlimited soil loss

and 69-71 average exports in 2000 (Model &) ..........

Value of resource use in crop production by major
zones in the United States for 10 ton maximum soil

loss and 69-71 average exports in 2000 (Model B) ......

Value of resource use in crop production by major
zones in the United States for 5 ton maximum soil

loss and 69-71 average exports in 2000 (Model C) ......

Value of resource use in crop produ:tion by major
zones in the United States for 3 ton maximum soil

loss and 69-71 average exports in 2000 (Model D) .....

Percent of the total return in national row crop
and close-grown crops production for alternative

levels of soil loss restriction in 2000 ........ e eien

Returns to the national resource sectors of
agriculture from the production of row crops and
close-grown crops for alternative levels of soil

loss restriction in 2000 ............... Ct e e et

Total returns to the regional agricultural related
sectors from the production of row crops and close-
grown crops for alterm tive levels of soil loss
restriction in 2000 ................... Cteectiieinaa

Shadow prices (marginal value products) of
alternative land classes in major zones in 2000
(Model A) ® & 0 0 0 0000 600 LU I I Y I TR I Y .l.ll.'.ll...ll‘.’

Shadow prices (marginal value products) of
alternative land classes in major zones in 2000

(Model B) v.vivnrnnennnnnnn. oo ooenetoosecnosseansanas

Page

125

129

131

133

135

135



Number

50

51

52

53

54

55

56

57

58

59

60

61

xiii

Shadow prices (marginal value products)
alternative land classes in major zones
Model C) ......cvvvenene e ebecceosanans

Shadow prices (marginal value products)
alternative land classes in major zones
(Model D) ..vvvvvennvnnnnas v rresanes

of
in 2000

Withdrawals and consumptive use of water in the
western river basins with unlimited soil loss

and 69-71 average exports in 2000 (Model A)

Withdrawals and consumptive use of water in the
western river basins with 10 ton maximum soil

loss and 69-71 average exports in 2000 (Model B) .....

Withdrawals and consumptive use of water in the

western river basins with 5 ton maximum

loss and 69-71 average exports in 2000 (Model C)

soil

Withdrawals and consumptive use of water in the

western river basins with 3 ton maximum

loss and 69-71 average exports in 2000 (Model D) .,

soil

Nitrogen sources and use for alternative levels

of soil loss restriction in 2000 .........

Indication of relative farm level prices for some

agricultural commodities for alternative soil

loss restrictions in 2000 .......c0000v..

The level of export of the feed grains, wheat and

oilmeals in 2000, with a 5 ton soil loss restriction ...

National production of row crops, close-grown crops,
rotation roughage crops, and permanent roughage
crops with a 5 ton soil loss restriction and

alternative export levels in 2000 ,.........c0cvuvvuns .

Acreage of cultivated land by region with a 5 ton

soil loss restriction and alternative export
levels in 2000 ........... ettt cos

Irrigated acreages in major zones with 5 ton
maximum soil loss and double 69-71 exports in

2000 (Model E) ......ovvvvnnnnn. ceeaan ..

Page

136

136

138

139

140

141

142

142

146

148

148

151



xiv

Number

62 Irrigated acreages in major zones with 5 ton
maximum soil loss and triple 69-71 exports in
2000 (Model F) ......... Ceseresesaen Ceereienn cos

63 Dryland acreages in major zones with 5 ton
maximum soil loss and double 69-71 exports in
2000 (Model E) ,........... Ceteceae et aaans

04 Dryland acreages in major zones with 5 ton
maximum soil loss and triple 69-71 exports in
2000 (Model F) ........... Ceeteer ettt

65 Acreage and average yield of crops by land class
in the United States with 5 ton maximum soil loss
and double 69-71 exports in 2000 (Model E) ......

66 Acreage and average yield of crops by land class
in the United States with 5 ton maximum soil loss
and triple 69-~71 exports in 2000 (Model F) ......

67 Total soil erosion on cultivated lands in major
zones with a 5 ton soil loss restriction and
double 1969-71 average level exports in 2000 ....

68 Total soil erosion on cultivated lands in major
zones with a 5 ton soil loss restriction and
triple 1969-71 average level exports in 2000 ....

69 Per acre soil erosion on cultivated lands in
major zones with 5 ton soil loss restriction
and double 1969-71 average level exports in
2000 .uuii i e e e e e .

70 Per acre soil erosion on cultivated lands in
major zones with 5 ton soil loss restriction and
triple 1969-71 average level exports in 2000 ....

71 Average acre soil loss under alternative soil
conservation practices with a 5 ton soil loss
restriction and alternative export levels in 2000

72 Acreages under conservation practices in major
zones with 5 ton maximum soil loss and double
69-71 exports in 2000 (Model E) .................

73 Acreages under conservation practices in major
zones with 5 ton maximum soil loss and triple
69-71 exports in 2000 (Model F) .......0evuvnuun.



Number

74

75

76

77

78

79

80

81

82

83

Value of resource use in crop production by

major zones in the United States for 5 ton

maximum soil loss and double 69-71 exports in

2000 (Model E) .....ocvnuune D ceaveaas ceee.s 169

Value of resource use in crop production by

major zones in the United States for 5 ton

maximum soil loss and triple 69-71 exports in

2000 (Model F) ......co0nvevnns teceteesetessetsacntaurnee 170

Returns to the national resource sectors of

agriculture from the production of row crops

and close-grown crops with a 5 ton soil loss

restriction and alternative levels of exports

In 2000 ...ttt i i i e i e st e evee. 173

Total returns to the regional agricultural

related sectors from the production of row crops

and close-grown crops with a 5 ton soil loss

restriction and alternative export levels in

2000 ...t besvecieenreeneaanr oo aas 175

Shadow prices (marginal value products) of
alternative land classes in major zones in 2000
(Model E) .uinininiiiiniiiniinietneonsennonanasnnnsnenes . 177

Shadow prices (marginal value products) of
alternative land classes in major zones in 2000
(s (o T R . 177

Withdrawals and consumptive use of water in the
western river basins with 5 ton maximum soil
loss and double 69-71 exports in 2000 (Model E) ,....... 178

Withdrawals and consumptive use of water in the
western river basins with 5 ton maximum soil
loss and triple 69-71 exports in 2000 (Model F) ........ 179

Nitrogen sources and use with a 5 ton soil loss
restriction and alternative levels of export in
2000 ....iiiiiiinieen, Ceeeean N 181

Indication of relative farm level prices for

some agricultural commodities with a 5 ton soil

loss restriction and alternative levels of export

In 2000 L.t i i i i i it et i e . 181



Number

84

85

86

87

88

89

90

xvi

Commodity use in livestock production with a
5 ton soil loss restriction and alternative
export levels in 2000 .......... fee ettt e, 183

Summary of erosion and acres under alternative
conservation practices with the alternative
soil loss restrictions in 2000 ............c0vvvunennnn.. 187

Summary of land, water and nitrogen fertilizer
allocation in agriculture under alternative
soil loss restrictions in 2000 .....:.0vevevnenunnn.. veo. 189

Summary of agricultural land use by the major
zones under alternative soil loss restriction
levels in 2000 ....iivrniniiin e rennnenonennnnmennnnnii, 191

Summary of erosion and percent of acres by

conservation practice with the 5 ton per acre

soil restriction and the alternative export

Llevels in 2000 ....iiiiiininennnnnnnnnnneneneenensenennss 193

Summary of resource use in agriculture under a
5 ton soil loss restriction and alternative
export levels in 2000 .................. ettt 195

Nitrogen fertilizer equivalent wastes from livestock .... 211



xvii

LIST OF FIGURES

Number Page
1 Interactions within the agriculturally
related BECLOYS ...vevvesrernesronsosassssesssssnsonseess 16
2 The SCS data collection areas ........coe0es0voe0nvseoses 18
3 The 223 producing areas .......ccovevvuseue veenasesnsenss 20
4 The 51 water supply regions ,...... teeceesssaeannans cvees 21
5 The 30 market regions ........eveeeveveese it ecasesarana 23
6 Schematic of the development of the crop
management system coefficients ,........00000vvuanns eeees 33
7 Schematic of the development of the
livestock production possibility coefficients ...... veeen 39
8 The seven major zones ........vecvuuses e reseiesranen e 65
9 Location of dryland and irrigated row crops
in 2000 under no soil loss restriction and
69-71 average level eXportS8 .......eeeeeveensenooeanens .. 74
10 Location of dryland and irrigated close-grown
crops in 2000 under no soil loss restriction
and average level exports ,............ b eetsecesiasinens . 75
11 Location of dryland and irrigated hay in 2000
under no soil loss restriction and 69-71
average level eXports ......c.evvvvenonsoncas Cesenans A
12 Moisture deficient areas of the mation .......... 000000 225

13 Summer fallow areas of the nation ........ce0eeeeecenness 226



xviii

GENERAL SUMMARY

The study was undertaken to develop and test a model capable of
simulating the changes in national and regional variables relating to
agricultural production as the level of sheet and rill erosion from cul-
tivated lands is controlled. The model incorporates the major agricul-
tural commodities and determines their pattern of production in 223 areas
of the continental United States. Within each area, nine land classes
were defined based on the erosion characteristics of the soils. The pro-
duction of the alternative crops is allocated to these areas and land
classes based on their economic advantage and compatibility with restraints.

The results indicate that agriculture can meet present and expanded
levels of demand while maintaining a gross field loss of soil set at a
level below 5 tons per acre, The analysis consisted of reducing the allowed
level of per acre soil loss from no limit to 10 tons per acre,to 5 tons per
acre, and finally to 3 tons per acre, Then impacts of these restraints
were traced to the implied shifts in such national and regional parameters
as soll loss levels, crop production patterns, farming methods used, land
and water resources and capital inputs required, and changes in the farm
level prices of agricultural commodities. Changes in these parameters are
also determined when export levels are increased, The soil loss analysis
uses the 1969-71 average level of exports as a base and the export alter-
natives consider increases in exports to three times this level,

Total soil loss can be reduced substantiglly through shifts to the

use of contouring, strip-cropping, terracing or reduced tillage methods on
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the cultivated lands, Some shifts are indicated in crops grown as the
more erosive row crops, especially the silages and other crops leaving lit-
tle or no residue cover, are substituted for less erosive crops.

Regionally, the shifts in production level and patteru are more
pronounced in the high moisture-high runoff areas such as the South Central,
South Atlantic and North Central regions of the nation. These highly
erosive regions do experience exports, but théir proportionate increase in
acreage is not as large as for the more arid regions. The more arid
regions, where runoff is correspondingly lower, gain in production as the
soil loss restriction level is reduced, Also, in all regions the more
erosive lands are used progressively less as they lose competitive advan-
tage to the less erosive lands, As exports increase, some of the more
erosive lands are returned to production before lands of low erosion
characteristics which are at a transportation disadvantage relative to the
projected export ports,

The environmental impacts associated with the soil loss restriction
are twofold, First, the level of sediment available to enter the water-
ways is reduced, as well as the level of other materials for which sedi-
ment serves as a transport mechanism, The second impact is not favorable
from an environmental aspect., The reduction in sheet and rill erosion is
accomplished through an increase in the use of reduced tillage methods
and a corresponding increase in the use of pesticides to control weeds and
insects, These had formerly been partially controlled through tillage
practices, Reduced tillage requires a much greater chemical application
per acre and presents a greater exposure possibility for the agricultural

laborers handling and applying the chemicals,
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The distribution of returns to the agricultural sector shifts with
the imposition of a soil loss restraint which becomes progressively more
limiting. The return to labor and water declines slightly while the return
to land increases greatly, For land owners, shifts in returns result as
the lands which can comply at low cost command a higher rent and those
which require intensive operations command a reduced rent or no rent at
all if the restriction forces the land into a ;on-use status,

The general trend is for little change in the farm level price of
agricultural goods until the allowable soil loss level is reduced to 5 tons
per acre or less, As the export levels were increased in conjunction with
the 5 ton soil loss restraint, the farm price of the agricultural commodities
increased significantly when the feed grain, wheat, and oilmeal exports
reach a level exceeding two times the base level.

Besides determining the level of sheet and rill erosion control
desired, policy makers should consider the environmental impacts resulting
from the shifts in agricultural chemicals, the pressure for regional pro-
duction pattern shifts, and the equity comsideration in the changes in the
participant shares of the return to the labor, land, and water sectors of
agriculture, The imposition of a soil loss restraint could place a heavy
burden on certain regions or farm operators,

This analysis is designed to supply information on the magnitude and
implied directional effects in the agricultural parameters considered.
Knowledge of the direction and differential magnitudes of the shifts by
region and operator could be used to better formulate a piece of legisla-

tion which may expedite farmer compliance and alleviate some of the possible
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considerable impacts resulting from indirect interactions with the com-

pliance measures,



MODELS OF SOIL LOSS, LAND AND WATER USE,
SPATIAL AGRICULTURAL STRUCTURE, AND
THE ENVIRONMENT
INTRODUCTION

Society has come to be increasingly concerned with the
environmental impacts accompanying economic development and
population growth. Because it extends so wida2ly ovar space,
agriculture is complexly interrelated to probleams of the en-
vironment. Economic development of agriculture has
intensified these possibilities as the sector has come to
depend on intensive use of chemicals and is organized into
fewer and larger units which specialize in coamodities that
concentrate wastes and runoff.

Legislation to impose environmental controls on agricul-
ture have been enacted or imposed at both state and national
levels. However, it is not yet known how such controls might
influence farm income, food costs, the interragional distri-
bution of resource use and production, national requirements
for water, rural community employment, and other complex
aspects of this large industry. This study analyzes these

effects through environmental controls enphasizing soil loss.

The impact of environmental controls can be complicatel

by levels of exports to be attained, institutional arrange-



ments affecting the allocation of water, agricultural supply-

control programs, and other public goals or policies.
Accordingly, this study on soil-loss control potentials in-
corporates considerations of alternative farm commodity
export levels and complete flexibility in the allocation of
irrigation water according to the value of its marginal proil-
uct. The analysis rests on a regional molel 2mphasizing
soil-loss restraints and nitrogen balances for each of 223
regions. In addition to the 223 agricultural producing re-
gions, the model incorporates 51 water supply regions, 30
market regions, a transportation network, international
trade, and all major field crops, livestock products, agri-

cultural lands, and irrigation water supplies of the nation.

ROLE OF LAND USE AND SOIL LOSS [N
THE ENVIRONMENT

The major proportion of nonpoint pollution in the United
States arises in agriculture in the form of water runoff ani
soil erosion. Contamination of streams results especially
from intensive land use systems and technology that intensify
runoff, erosion, and the transport of sediment into major wa-
ter bodies. Seliment may also serve as the transport mecha-
nism by which contaminating chemicals flovw into stresams and
lakes. Environmental degradation through agricultural pro-
duction generally arises through interaction 5f economic de-

velopment and agricultural structure and technology. A high



state of econonmic development is accompanied by a shift in
relative resource prices and the tendency for labor to become
the costly factor. Consequently, with more favorable real
prices for capital, farming becomes capital iatensive and
larger units are favored because of declining fixed costs per
unit as the capital item is used more efficieatly.

These phenomena have an environmental expression as the
increased specialization 5f farm enterprises and the tendan:cy
tovard concentrated grain farms result in intansive row-
cropping patterns and heavy applications of fertilizers and
pesticides. Spacewise, farming affects a greater proportion
of land use and eavironment than any other economic sector.
Also, the incidence of its environmental outputs are most
complex with respect to both the extent and location of pol-
lution and the relative magnitude of the costs and returns
for either the ongoing environmental degradation or the po-
tential methods to control it. Wastes of agriculture not
only flow into the same streams as do those of industrial aad
urban sectors, but they also trespass on more land and prop-

erty owners between origin and stream destination.

Soll Particle Movement

The soil has two roles in the environment, one reflect-
ing the productive use of the resource, and the second, the
negative environmental impacts in misuse of the resource.

Productive lands providing food and fiber form the basis for



the desirable use pattern for soil, while soil particles
moved into a waterway form the undesirable or pollution
aspect of the soil. Erosion represents the movement of the
soil particles by water or wind from their prasent position
to a different location. Erosion also interferes with the
utilization of other resources in what would be considered
their normal pattern. Substances such as ammonium nitrogen,
phosphnrous, and potassium fertilizers and many of the pesti-
cides are attracted by the soil particles and becomz fixed in
a form such that they become l2ss 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 fieldandcan be released later at a n2w loca-
tion as chemical conditions change.

Probably the most noticeable effect of soil erosion and
sedimentation is the gradual destruction of lakes as the sed-
iment is deposited near the mouth of the river and on the
bottom of the lake, gradually making the lake smaller and
nore shallow. The degree to which sedimentation occurs is
related to many factors associatel with the sa2diment caccying
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 balance results

in the supportable sediment load changing.



The majority of sediment in the waterways originates
from sheet and rill erosion of farm -lands, ani altecnative
measures are available with preseant technologies to control
the quantity of soil lost through this process. Techniques
available to control sheet and rill erosion on farm land in-
clude combinations of crop tillage and land-treatment prac-
tices. The crop tillage practices include: altering the
time of tillage to have the surface less exposed during nor-
mal high-runoff periods, altering the intensity of tillage by
implementing alternative minimum-tillage practices, control-
ling the quantity of residue remaining on the field after
harvest and fall tillage, and altering the rotation utilizel
such that the rotation includes a higher proportion of the
close-grown and sod crops that are less susceptible to ero-
sion. The land-treatment practices include: contouring,

strip cropping, and terracing.

once the soil particles have left the fi2ld, the conser-
vation practices used attempt to control the energy level
of the stream and thus its carrying capacity. The control
measure used on agricultural lands depends on the use for the
land, on the degree of control desired, and on the suscepti-
bility of the land to erosion. The use of tha land iancorpo-
rates the above erosion-control practices and the types of
crops. The level of control is the variable which the social

velfare function must indicate as society trades the satis-



faction received from the reduced level of seiimentation ani
the change in cost, if any, of commodities produced on the

land.

Legislation aimed at soil-loss control also must consii-
er any interregional trade-offs in resource use and income
generation as the production patterns shift to those lands on
vhich erosion is most easily controlled. The interregional
shifts can represent trade-offs in regional comparative ad-
vantage as farmers in affected regions adjust to the restric-
ted production possibilities. The intraregional shifts rep-
resent trade-offs between lands which have different suscep-
tibilities to erosion and the degree of influence of the

erosion-related factors.

Distribution Of Erosive Lands

The distribution of lands susceptible to erosion is sun-

tion_Needs, 1367 {3) . This study, conducted under leadership
of the Soil Conservation Service with other govarament agen-
cies cooperating, inventoried private land of the United
states and classified with respect to its present use and the
type and degree of use hazard most predominant based on a two
percent sample of the 1967 privately-ovned lands. The inven-
tory covered 1,438 million acres in the 50 states, of which

30 percent was classed as cropland, 34 percént as permanent

pasture and rangeland, and 32 percent as forest land. The



remaining 4 percent represents roadways, farasteads, fence
rovs. and marshes.

The lands are grouped into land use capability classes I
through VIII, with classes I, II and III being suited for
cultivation; IV, marginal land for cultivation; Vv, wetland
lands; and classes VI through VIII not generally suited for
cultivation. In the inventory 58 percent of the land suiteil
for cultivation (classes I-III) was cropland, 18 percent was
pasture, and 20 percent was in forest lani. O0f the
marginally cultivatable lands (class IV), 28 percent wvas
used for crops in 1967, and in the classes V-VIII, only 4
percent of the lands was cropland (3). Each of the major
capability classes, except I, is divided into four subclasses
indicating the dominant soil limitation. Altarnatives in-
clude susceptibility to erosion, excess water, unfavorable
soil features, and adverse climatic conditions. Class I land
vas assumed to be adequately treated and 2xhibited no need
for further conservation practices.

Table 1 gives the acres of privately owned land by use
category and grouping of land use capability class and indi-
cates thé percentage, as described in the National Inventory
(3) , which has erosion as the dominant hazard. O0f the crop-
land in classes I and II, only 40 percent has an erosion
problem, compared with 60 percent of the cropland in classes

III and IV and 62 perceat in classes V through VIII. Crop-



Table 1. Summary of erosion potential by land class on privately owned lands in the United States,

1967
Land class and Other
erosion potential Cropland Pasture Forest land2 Total
(000 acres)
Land I-II
Erosion dominant problem 90330 22460 28736 5844 147370
Total land I-II 223534 47135 62849 12269 345787
% of total 40.4 44.5 45.7 47.6 42.6
Land III-IV
Erosion dominant problem 116277 94370 83325 7465 301437
Total land III-1IV 191450 130108 172881 16420 510859
% of total 60.7 72.5 48.2 45.5 59.0
Land V-VIII
Erosion dominant problem 14108 155225 146418 5067 320818
Total land V-VIII 22600 304634 363378 27528 718140
% of total 62.4 51.0 40.3 18.4 44,7
Total all land
Erosion dominant problem 220715 272055 258479 18376 769625
Total land I-VIII 437584 481877 599108 56217 1574786
% of total 50.4 56.5 43,1 32.7 48.9

Source: National Inventory (3).

al/

Includes farmsteads, roads, and other land not in crops.



land acreages in the less-suited land classes are only a
small proportion of the total lands in thase classes, indi-
cating that farmers tend not to fara their unsuited land.
Table 1 also indicates that not all land suited for completa
or limited cultivation is so used. Over 440 million acres of
land in classes I through IV were not in the cropland uses,
as compared to 415 million acres which were. Of the 1,575
n@llion acres inventoried, 770 million acres or 49 percent
had erosion and soil loss as their dominant minagement prob-

lem.

THE STUDY

This study is one in a sequence carried out by the
Center for Agricultural and Rural Developnent relating to ag-
ricultural policy, income, and resource use. The rasearch
upon which it is based is designed particularly to evaluate
possible trade-offs ir land use and to determine impacts of
legislated restrictions on permissible soil lass in terms of
the changes in water and land use, production patterns and
technology in agriculture, and direct costs ta society of
these changes in terms of prices of agricultural commodities.
The model must include the proper variables and restrcaints
and be designed so that the specified objectives can be met
given the set of assumptions within wvhich the model is to ba

operated.
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Objectives of the Study

The study is made to evaluate impacts in the agricultur-
al sector from possible imposed limits on soil loss allowed
through sheet and rill eraosion of cultivated lands. The main
questions it attempts to answer are: Does agriculture have
sufficient production capacity to neet domestic and export
demands and also contribute to improvenmeat of the environment
t hrough reducing the quantity of sediment discharged into the
nation's waterways? If so, how far can environmental attaian-
ment through reduction of sa2il loss from agriculture be
carried while food demands are met at reasonable real prices?
vhat interregional changes in crop and livestock production,
land use, 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 mdbdel must
encompass the major conaodit ies, resources, and interrela-
tionships of both the agricultural sector and its individual
land and water rejions. The lang, water, and other resources
must be defined in such a manner that they exhibit the char-
acteristics inharent in the interrelationships of the analy-
sis. 1In this study, these interrelationships center acround

the concepts of soil loss and productivity differentials of
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alternative combinations >f the resource inputs. The alter-
native .technologies must be defined representing the appro-
priate production, utilization, or transfer alternatives.
Given the developed model, :he objectives then become
ones of determining the impact cf imposed environmental re-
strictions on the allowable soil loss from croplands. The
analysis of the impact needs to apply at the national level
in 'rder for the overall production potential and price ef-
fects within the agricultural sector to be evaluated.
Purther, it needs to allow determination of any shifts in re-
gional comparative advantage, indicating which regions will
be affected differently by the national impacts. The result-
ing land-use patterns, cropping patterms, water
reallocations, resource-use alternatives, and farming prac-
tices can indicate possible shifts in income and expenses of

the farm and farm~-related sectors.

Assumnptions for the Analysis

When major impact alternatives are analyzed for agricul-
ture by models capable of sinmulating interregional
competition, a time horizon sufficiently far in the future
must be selected to allow for the implied adjustments in
technology and interregional shifts in production patterns.
The year 2000 was selected as the base for the analysis, and
the model was designed consistent with projected and expect-

ed production alternatives available at that time. The model
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simulates a free market for conmodity sales and resource pur=

chase. Technology is projected on a trend basis in allowing
for changes in livestock feeding rates and yields per unit of

input for crops.

The international trade sector allows increaseslin

imports proportionate to the population increase. Exports
initially are held equal at annual 1969-71 levels. In a sec-
ond stage of the study, exports are increased and the impli-
cations of increased demand are evaluated. A population
level of 284 million persons in the continental United States
is assumed for 2000. The level of per capita income project-
ed by the Bureau of Economic Analysis (30) is used in evalu-

ating the incom2 effects on consumption.

A summary of the models evaluated is given in rable 2.
FPour models are associated with soil-loss analysis and a
further two with the alternative export levels.

The solutions analyzed represeat a finit2 number of the
complete set of possible alternatives. It is hoped that
those presented will allov identification of trends and
trade-offs which need to be examined vhen controls on the
per acre level of erosion are considered for legislation.
The models allow evaluation of the effects of the soil-loss
restraints separate froa changes in the demand level. Then
the solutions for higher export levels give an indication of

the effects of increased demand levels vith "already imposel"
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soil-loss restraints.,

Table 2. Level of soil loss and exports for the alternative
models

Per acre a/
Model Soil loss Export level=
Level

unlimited 69-71 average
10 Tons "
5 Tons "

3 Tons

5 Tons double 69-71

5 Tons triple 69-71

HEO O W

E/Exports are adjusted only for the feed grains, wheat and
soybeans.

The models provide insight into potential changes in the
cropping, land-use, and vater-use patterns, and in farming
techniques which are economically and technologically feasi-
ble given the implied restraints. Considered in the land-use
patterns are shifts among land class alternatives and also
the shifts between dryland and irrigated agriculture as their
relative advantages change with soil-loss restraints and
export levels. Price-related effects analyzel include
changes in the farm-level cost of consumer food outlays and

changes implied in the values of farm resourc2s.
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THE MODEL

This study is made by means of a linear programming
nodel developed for the nation encompassing 223 producing
areas, 1,891 land-resource groups, 51 water regions, and 30
conmodity-market regions. A model capable of analyzing the
najor effects of proposed environmental rastrictions on the
agricultural sector must allow enterprise, resource, and re-
gional adjustments. Interregional shifts in production occur
as the regional comparative advantage changes, as is indicat-
ed by the broiler industry concentrating in the Southeast;
the cattle feeding industry, moving south and west from the
cornbelt; and soybeans and sorghum grain beinj introduced in
areas where technology in the form of agronomic practices,
improved varieties, and/or econonic forces have altered the
producti-~u possibilities (34, 35).

The basis for an intercegional model is the definition a
number of sets of regions consistent with the characteristics
used to describe the resources, production possibilities, ot
form of interregional interaction desired. Within the appro-
priate regions jefined, restraints are imposed on interac-
tions among (a) resource availabilities and uses ani (b) con-

modity production and demands. Also, activities or variables
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representing alternative production possibilities, resource
transformations and resource transfers delineate the possible
utilization of the resources and production of the commodi-
ties subject to the stated restraints.

The model developed uses five regional delineations,
three of which are operational in the model. It incorporates
restraints on the availability of croplani by quality class,
pernmanent hay or pasture, water, nitrogen use for fertilizer,
and regional demands for the crop and livestock commodities.
A restraint imposed exogenously to the model initially
screens all crop production activities, eliminating those ac-
tivities which develop a soil loss above the allowable upper
limit. Besides crop production, other activities define the
possibilities for livestock production, fertilizer and water
purchase, demand generation through population, industry and
international trade activities, the transfer of resources or
commodities among regions, and requirements for the resources
for uses exogenous to the model. A sector anl restraint
group delineation of the above-implied interactions consid-
ered in the analysis is given in Figure 1.

The expanded model employed includes 4,386 restraints
and commodity regulatory equations and 26,768 activities or
variables. It is solved such that a minimum-cost agricultur-
al bill is determined and the factor costs of farming are

covered (thus simulating a competitive equilibrium) subject



Interactions within the agriculturally related sectors

Figure 1.
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to the restraints and defined activities. The definition of
9

the specific restraints and activities, their interaction and

their quantification are discussed in the sections which

follow and in the indicated Appendices.,

The Regions Used
Five separate sets of regions are used. The first set
represents regions within which the data base is defined; the
second, the areas within which the production activities are
defined; the third, the regions detailing water availability
and transfer possibilities; the fourth, the areas within
which the markets are defined; and the fifth, the regions

into which the results are aggregated for repoarting.

The regions include the counties and states of the conti-
nental United States within which cemsus and commodity pro-
duction data are tabulated. An additional set of ragions ia-
cluded in this group is the county approximations of the
major land resource areas as used for data collection by the
Soil Conservation Service, U.S. Department of Agriculture,
Figure 2. These regiors delineate the land of the continen-
tal United States into 156 areas based on dominant soil type
and management characteristics. It is from these regions
that the data used in calculating the soil loss by alterna-

tive cropping activities is developed.



Pigure 2. The SCS data collection areas
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Sets of wveights based on relevant data relationships are
used to transfer data froam the regions in which they are ob-
tained into the common resource or producing areas where the
data are used in the model or in combination with other data

to generate coefficients to be used in the moiel.

Pigure 3 indicates the 223 producing areas usel in the
model. These areas are based on county approximations of the
Water Resources Council's 206 subareas (36) modified to be
consistent with the water supply regions and the market re-
gions. Each producing area is an aggregation of contiguous
counties contained in a vatershed draining to a common wvater-
vay. The producing areas represent the regioans in which crop
and livestock production activities and the land, by quality

class, pasture, and nitrogen balance restraints, are definei.

The_water_ supply_regionms

Fifty-one water supply regions are defined in the 17
vestern states where wvater use and allocation are datermineil
within the nmodel, Figure 4. These regions ara2 an ajgregation
of contiguous producing areas within which irrigated water
supplies are available and can be used. The subdivisions of
the 18 major river basins of the Water Resources Council forn
the basis of th2se regions (36). The model makes endogenous

determination of the optimal amount of irrigated land and
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Figure 4. The S1 water supply regions



22

farm vater use in each of these regions.

Contiguous producing areas are aggregated into major
sarketing areas of the United States to give the 30 marketA
regions for the model, Figure 5. Market balance restraints
are defined within these regions for the major commodities.
Each region has a city which serves as a hub in the existing
national transportation network included in the model. The
commodity transport section of the model uses these centers
as points between vwhich commodities are moved as the produc-

tion pattern adjusts to each region's comparative advantage.

Activity and Resource Restraint coefficients

Activities, in the context of this linear program, serve
as the mechanism whereby production alternatives, commodity
utilization, and transfer systems are inéorporated into the
model. Activities are used to simulate the dz2mand and supply
possibilities of the commodity and resource markets which the
nodel converges to an equilibrium. The commodities included
are: the grains--barley,'corn, oats, sorghum, soybeans, and
wheat (both total and spring); the cash crops--cotton and
sugar beets; the roughage crops--legume hay, nonlegume hay,

and silage; and the livestock products--feeders, fed beef,
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pilk products, nonfed beef, and pork.! The r2sources
restraining the mddel include land by erosion class, pasture,
nitrogen fertilizer, and vater as well as the previously
listed commodities (which serve in whole or in part as inter-
pediate resources in the production of the final demand com-
modities). Returning to Figure 1, the interaction sguares
with minus signs indicate withdrawals or demand-creating var-
jables, and the positive signs represent production or
supply-creating variables.

This section outlines each of the major interaction
groups, describes the assumptions surrounding each, and indi-
cates how they interact with the other sectors. The initial
three groups are, in general, demand generating; the next two
are commodity production alternatives and resource availabil-
ities; they are followed finally by the transportation and

transfer group of activities.

The_population and industry activities

This group of activities represents the interaction of
the consumer and manufacturing sectors of the econonmy with
the agricultural sector. One activity is defined for each of

the producing areas and is of the form L(i)<N(i), vhere N(i)

1711 commodities except spring wheat, cotton, and sugar
beets are balanced at the market area level. These three
commodities have national markets.
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is the level of population activity in producing area i and
L(i) is the lowver limit on the activity level set at a limit
consistent with the Bureau of Economic Analysis's population
projections for the area (30).! Each activity indicates the
quantity of each of the commodities required to meet the de-
mands of the producing area. Combining the appropriate
subset of these activities develops the market region demand.
A second aggregation of the population-industry activities
develops the water requirements for municipal, industrial,
and recreational uses by water supply region.

Per capita commodity demands are developed at a national
level of per capita commodity use by producing area, Table 3.
The per capita water-use coefficients are davaloped by
water-supply region and are assigned equally to all produ-
cing areas within the water-supply region. Th2 lower bound >n
the activity drives the demand up to the minimum level re-
quired. Different population levels reflecting a change in
total number of persons or a change in regional distribution
of the given population are reflwcted in a change in the
lower limit on the area's production activity. In this way
the population-related level of demand within the market re-

gion is adjustable to changing assumptions.

1A 2000 population level of 284 million people in the
continental U.S. is used for this study.



Table 3. ?Projected ner capita consumption levels for the
year 2097

cormolities in the

Commodity

"onsumptior

Commo lity

forstmntion

Corn

Serghum
‘theat-total
“'Theat-spring
Oats

3arley
Nilmeals2/
Lint cotton

Sugar beets

bushels
bushels
bushels
bushels
bushels

bushels

; cwt.

pounds

tons

Ced haef
‘tonfed beef
Nairy products

Pork

?roilershl

b/

Turkey—
b/

lLoamb & mwutton—=

Z~qsk/

108 1bs carc wt.

51 1hs carc wt.
4.94% cwt.milk eq.
6¢ 1bs carc wt.

L3 1bs reaéy to cook
9 1bs ready to cook
3 1bs carc wt.

207.5 ersgs

E/nilmeal reaguirement reflects

an adjustment for the hizh protein grain by-

products provided from the milling of the per capita equivalent of the other

grains.

l’-/.‘J.ot used directly in the population-industry activities but used

tion with the population to determine the level of commo-ity demand and the re-
source use by class of livestock in the exogenous livestochk sactor.

in conjune-

9t
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An additional set of activities, closely related to the
population-industry activities, generates a damand for water
in each of the 51 water-supply regions to reflect the in-
creased demand for water for navigation, wetlands, and other
onsite water-consuming activities. The onsita demand for wa-
ter reflects a use over and above the level in 1969 (i.e.,
the 1969 level of use is not part of the calculated available

supply).

This sector of the model adjusts the commodity demands

to reflect foreign trade. For the base model, trade of all
commodities is held at the 1969-71 annual average nat trade
level, Table 4. Trade levels for commodities with production
and demand exogenous to the model (i.e., broilers, turkeys,
and eggs) are specified by adjusting projectel per capita re-
quirements by an amount equal to the 1969-71 per capita net
foreign trade.

Export demands for corn, sorghum, barley, oats, wheat,
and oilmeals are allocated to the market regions proportion-
ately to the average exports of the respective commodity from
the ports in the region over the 1967-1969 period (28, 29, 3,
4)y. For commodities which have a net import balance, the
total import is allocated to each market region proportionate

to the projected population.
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The two solutions for the expanded export analysis have
exports of corn, sorghum, barley, oats, wheat, and soybeans
at twice 1969-71 levels and at three times 1969-71 levelse.
In the expanded trade models, no adjustments are made in the

net foreign trade position of other comnmodities.

Table &, Net foreign trade of the commodities used 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 658,719 thou. bu.
Oilmealsg 276,407 thou. cwt,
Cotton B 3,306 thou. bales
Beef 22,453 thou. cwt.

Pork 3,349 thou. cwt.

Dairy products 4,661 thou. cwt.

Broilers 295,416 thou. cwt,
Turkeys 44,162 thou. cwt,
Eggs 68,699 thou. doz.
Sheep and lamb 1,647 thou. cwt.

E/Oilmeals are expressed as soybean oilmeal equivalent exports of
both meal and soybeans.

Three activities are used to simulate expected changes
in water availability due to international water agreements.
They represent the increased transfer of 1.5 million acre
feet of water to Mexico from the Colorado River according to
the Mexican treaty of 1944 (21), an increase of 45 thousand
acre feet in the depletion of the Milk River by Canada (15)

and the transfer of 1.1 million acre feet from the Missouri
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River Basim in the Dakotas through the Garrison Diversion

Project to the Souris-Red-Rainy River Basin (a basin outsids

the included wvater regions) by the year 2000 (15).

Ihe _exogenous agricultural sector

Resource allocation in part of the agricultural sector
is predetermined exogenously to the active model. The two
major exogenous groups are (a) fruits, vegetables, and minor
crops and (b) the small, extremely intensive animal enter-
prises. 1Included in the exogenous crop sector are broomcorn,
buckvheat, cowpeas, dry beans, dry peas, flax, hops, orcharis
and vineyards, peanuts, potatoes, proso-millet, rice, rye,
safflover, sugar cane, sunflovers, sweet potatoes, tobacco,
and vegetables.

Resource availabilities are adjusted to account for re-
quirements of the above crops in 2000. Appenlix 1 zovers the
computational procedures required to estimate the level of
land, water, and fertilizer nitrogen use by these crops. The
projected acreage requirement for these crops by land class
in each producing area is subtracted from the available lani
in that class in the producing area. Where projections indi-
cated a greater increase in acreage than available land al-
lowed, the projected acreage is handled by adjusting either
(a) the acreage in another land class of equal productivity
in the producing area, or (b) the acreage in the same land

class in an adjacent producing area. The altarnatives used
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depended on the'histocic (1964 and 1969 census_of Agricul-
ture, (34, 35) data) similarity of the production pattern of
adjacent producing areas and the characteristics of the crop
which may allow it to be grown on land of different produc-
tivity and management requirements.

Projected water requirements for the exogenous crops
grouwn in the appropriate producing areas were subtracted from
total water available for use in the respective water supply
region. Thus, exogenous CLOPpS have prior acca2ss to vater.
Mos;it of the exogenous cCrLOpS represent high value crops or
those grown uander conf:act and vhich generally can bid water
awvay from endogenous qrain and roughage CroOpsS.

Nitrogen fertilizer requirements for exojenous Crops are
projected to 2000 with a determination of the total require-
ment made for the producing area. This quantity is then in-
troduced as a pre-solution deficit representei by the right-
hand side of the nitrogen restraints in the nitrogen markets.

Livestock in the exogenous agricultural production
sector includes broilers, eggs, turkeys, sheep and lambs, and
other small animals (horses, pules, ducks, geese, fur-bearing
animals, and zoo animals). The rations for each of the live-
stock categories are determined as outlined in Agricultural
Water Demands (9) and give the gquantity of each of the com-
podities required per unit of the livestock class. Except

for the oilmeal coefficient, these quantities represent a



X}

direct demand on the relevant commodity markets. Oilmeal is
adjusted to represent a net demand for high protein feed by
accounting for the amount of high protein anizal feed pro-
duced as a byproduct of the slaughter of the livestock class.
The method of calculating the animal protein production is
outlined in Appendix 2. Per unit water requireaments, for

those areas vhere water restraints are defined, are obtained

The quantity of nitrogen-equivalent wastes produced by

each of the classes of livestock is determined and forams an
interaction with the fertilizer nitrogem sector. The
quantity of fertilizer-equivalent wastes from broilers is de-
termined as outlined in Appendix 2, and a comparable produc-
tion of nitrogen waste is calculated for the other poultry
classes based on feed consumption and commodity production
relative to broilers, Sheep and lamb wastes are calculated
from the coefficients of the other ruminants, based on waste
production per unit of sutput (Appendix 2). No nitrogen
waste is associated with the other livestock category, as
neither the exact mix of these animals nor waste production

data for them are quantified.

The_crop_production_sector

The crop production sector simulates production of grain

sorghum, barley, corn, corn silage, cotton, legume and

nonlegume hay or pasture in rotation, oats, sorghum silage,
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soybeans, sugar beets, and wheat in rotational combinations

consistent with the production possibilities of the region.
These activities are defined by both producing area and land
class, representing alternative crop sequences, tillage and
conservation practices, and irrigated or dryland agriculture.
A unique combination of the above factors representad in one
activitiy is referred to as a cropping management system.
Each of these systems produces commodities for internmediate
or final demands while simultaneously croating a demand for
nitrogen, land and,in the west--wvater.

In completely defining one of the cropping management
systems, many interactions and influencing factors must be
considered. FPigure 6 outlines the interaction of the soil
characteristics, technology, and the natural factors in de-~
termining the possible cropping management systems and their
resulting coefficients. The soil characteristics require de-
termination of the slope lengthand gradient of the soil, the
physical makeup of the soil (deternmining its descriptive
classification), and the natural fertility levels of the
soil. The natural possibilities include the guantity and
annual distribution of precipitation and the length of the
growing season as deterained by the frost free period. These
factors combine with the techmological possibilities, such as
production method and the response function resulting from

commercial or animal fertilizer applicatioms. In general,
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the data development for the pnodel was divided into three
closely related steps. The first, the complete definition of
the alternative ccopping management system, the associated
crops, tillage nethods, conservation practices, and resulting
soil loss, requires the largest amount of data handling. The
second step in the complete definition of the system repre-
sents development of the yields incorporating the influences
of all the factors associated with the cropping management
systems. The third step includes developing cost coeffi-
cients consistent with the above variables and the regional
farm characteristics.

Crop rotations within each producing area are determined
by combining rotations recommended by the Soil Conservation
service in each of the Land Resource Areas included in a prd-
ducing area (Appendix 3). some adjustment is made to reduce
the number to a manageable group by determining the relevant
crops grown in the producing area from the 1964 aﬁd 1969
gggggg_gg_ggglgg;gggg (34, 35 . Rotations then wers selected
to allovw a variation in production around these crops. Each
rotation is defined for each land class within the region if
relevant data are available to adjust the costs, yields, and
conservation practices according to unigque characteristics of
the land class. Soil loss for each rotation anl mechanical
practice on each land class is calculated from the Universal

Soil Loss Equation as developed by Wischmeier and Smith (38)
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and the data from the regional specialists of the Soil Con-
servation Service (Appendix 3). The methods used to adjust
the data from the Land Resource Areas of the Soil Conserva-
tion Service to the producing areas and an explanation of the
soil loss calculations are given in Appendix 3. Conservation
practices considered included straight row cultivation as the
base, contouring, strip cropping, and terracing. Each prac-
tice is defined for each land class for which data are avail-
able. The conservation practices are also combined with the
tillage practices: conventional tillage, residue management,
and reduced tillage. Reduced tillage is interpretel to be
the adoption of the most likely method of tillage in the area
consistent with a reduction in direct exposur2 of the soil
surface to erosion-causing elements.

Crop yields are determined from a set of producing area
yield-response functions developed in the CARD research pro-
gram (27), with adaptation to the land classes of the study
on the basis of data from the Soil Conservation Service
survey, the 1964 Agricultural Cepsus (34), and the National
Inventory (3). The yield functions incorporate response to
fertilizer applications, time trends of technology (for this
model to 2000), land class produvctivity differentials, and
conservation and tillage yield effects. A complete descrip-
tion of the function and the determination of the relevant

data is given in Appendix 4. An additional part of the yield
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determination is the development of the fertilizer nitrogen

requirenents of the rotation. The response function has fer-
tilizer input as a variable and projections of the optimum
level of fertilization leading to the fertilizer coefficient
for the interaction between the crop management systen and
the fertilizer nitrogen restraint. In calculating this coef-
ficient, adjustments are nade if the rotation includes either
a legume hay or soybeans. Nitrogen fixed in their root
nodules is projected to be available to the crop following in
the next year of the rotation. In determining the quantity
of nitrogen fertilizer required, the quantitias of the non-=
nitrogen fertilizer elements required are also determined and
their purchase becomes a part of the production costs associ-
ated witk the cropping management systen.

The crop costs are calculated individually from the data
developed by Eyvindson (8). The individual crop costs in-
clude a breakdown into labor cost, machinery cost, pesti-
cides, fertilizer (non-nitrogen), and miscellaneous costs in-
cluding lime, grain drying, and seed. In calculating the
projected total costs, adjustments in the fertilizer cost
comes from the yield calculations, labor is adjusted for each
of the crops to reflect a continued decline in labor per unit
of output as determined from historic trends; while per acre
machinery, pesticide, and miscellaneous costs are assumed to

increase proportionately to the increase in yield calcula-
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tions. Labor is adjusted over time for each crop and re-
flects a continued decline in labor input per unit of output.
per acre machinery, pesticide, and miscellanedus costs are
assumed to increase proportionately to the increase in yield.
All costs are determined in terms of 1970 dollars, and the

methods and adjustments are outlined in Appendix 5.

water coefficients are determined as outlined in Agri-
cultural Water Demands (9). The requirements for the irrig-
ated crop activity are weighted by the percentage of the crop
in the crop management system. Water coefficients represent
fet diversion requirements and are not directly a determinant
in the crop yields. However, the trend yields of irrigated
crops reflect the past trends of water use oh a per irrigated

acre basis, and the functions are comsistent with the calcu-

lated water demands.

An initial evaluation of the cropping management systems
allow for the selection of one conservﬁtion tillage practice
combination for each of the unigue rotations. The difference
between conservation-tillage practice alternatives is repre-
sented in yield and cost differentials but not in resource-
use differentials. Thus, when evaluated in the linear pro-
gram, that alternative with lowest cost per unit output will
be selected. On this basis, all crop management systems
within a unigue rotatidn are evaluated and th2 most profit-

able alternative is chosen, (i.e., the one with the largest
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income, given the resource costs) .

The_livestock_production sector

The livestock production sector provides a secondary or

interpmediate demand on fecd resource and transforms grains
and roughage into the ndesired" meat portions of the American
diet., Figure 7 indicates the interactions relating to the
development of the livestock production activities. The
rations depend on the livestock class, relative feed costs,
climatic influences, and man agenent decisioas. These factors
combine with the technologic characteristics such as produc-
tion inputs, feed and waste handling systeas, enterprise
size, and climate to define the alternative livestock possi-
‘bilities.

Livestock production alternatives in the model are de-
fined for each of the 223 pcoducing areas. They represent
the beef cow, beef feeding, hog, and dairy operations and are
adapted from data by Eyvindson (8). Other livestock are al-
located exogenously as described previously. Each livastock
type in a producing area forms a set of activities with nu-
tritiomally balanced but commodity differentiated rations.
The rations for each livestock group is balanced in separate
mathematical formulations based on the nutrient requirements
specified by the National Academy of Science (17, 18, 19).
Rations are adjusted to reflect the expected difference be-

tveen experimentally reconmended levels of nutrient consump-
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tion and projected levels based on historic feed consumption
rates (Appendix 2). Optimal rations selected by the model
represent linear combinations of the defined rationms and pro-
vide alternativas covering many combinations of the available
feeds. In producing areas enclosed within a water supply re-
gion, coefficients are developed by livestock class to indi-
cate the withdrawal of water from the appropriate water bal-
ance.

Each livestock class also produces a set of commodities
at a level consistent with projections of historic regional
data, Table 5. These commodities are channelad intd> the ap-
propriate market and satisfy the projected demands (in some
cases an intermediate demand as for feeders). Each livestock
activity also produces a calculated level of nitrogen fertil-

izer equivalent in the producing area.

Table 5. Commodities produced by the endogenous livestock

classes.
Livestock class Commodi tlies produced
Dalry Mil1k, feeders, nonfed beef
Beef cows Feeders, nonfed beef
Beef feeding Fed beef, nonfed beef
Hogs Pork

Determination of resource_levels
This section outlines the methods of inventorying and
delineating resources. A description is included of the

model sector which determines the gquantities of resources
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available, their cost, and how and vhere they are to be used
in the “optimization® of the agricultural sector. Resources
in this category include land, non-rotation hay and pasture,
vater, and fertilizer nitrogen. A detailed description of
the procedures and assumptions used is in Appendix 6.

The acreage available by land class is determined from

the National Inventory of the Soil Conservation Service (3)
with adjustments for projected changes in exogenous land uses
and future irrigation developments. The base acreajes used
for cultivated land represent those acres in the National_ In-
ventory vwhich were used for row crops, close-grown crops,
summer fallow, rotation hay and pasture, conservation uses,
and fruits and vegetables. This acreage is reported by 29
land classes for dryland and irrigated possibilities and rep-
resent lands of eight different general classes and four
subclasses according to susceptibility to erosion by water or
vind. PFor this study, the 29 land classes ara aggregated
into nine land groups for each producing area as inlicated in
Table 6. This aggregation to the nine land groups by produ-
cing area is adjusted for projected increases in land used
for irrigation through 1980 in the West as outlined in Agri-
cultural Hater Demands (9). These available acreages also

are adjusted for the land requirements of the exogenous crops

as described previously and in Appendix 1. After these ad-

justments any land group with less than 1,000 acres is
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Table 6. Land class and subclasses aggregated to the nine
land groupsl

Land Inventory class= Land Inventory class-
Groups subclass Groups subclass
1 | 6 IVe
2 lle 7 IVs, 1Ve, IVw
3 ils, llc, Ilw 8 all of V
Ille 9 all of viI, Vil
& Vit

4
S Itls, 1llc, 11w

E/Inventory class and subclasses are as defined by the
Soi1l Conservation Service for the National lInventory (3).

Table 7. Total drylan? and irrigated acreages in the nine
land groups?

Dryland acres Irrigated acres

Land Group (000) (000)
1 23458 5632

2 76672 7257

3 73748 4796

[ 65598 3648

5 45838 4120

6 29034 1410

7 10738 1168

8 305 14

9 12829 287
Total 338220 28332

E-/Represents the total acres available for use by the
endogenous Crops.
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aggregated to the next closest land group in erosion charac-
teristic. Each land group remaining by producing area forms
a land restraint in the model, and the acreage so calculated
forms the right-hand side or upper limit on the availability
of land of that quality in the producing area. The acreage
by -land group at the national level, after the abova adjust-
ments are made, totals 338,220 million acres of dryland and

28,332 million acres of irrigated lands (Table 7).

Drylaand and irrigated nonrotation hay activities are de-
LYy with an estimate made of the lowver yielding wild hay froa
the 1364 Census _of Agriculture (34). These two groups, the
wild hay and remaining nonrotation hay, are defined by produ-
cing area and are used as weights to adjust the cost and
yield coefficients for tame hay and wild hay as reported in
Agricultural Water Demands (9) to give a single tanme,
nonrotation hay activity by producing area. This activity
contributes to the nonlegume hay balance in the relevant mar-
ket area. No nitrogen fertilizer use coefficient is devel-
oped for this activity. Water requirements for irrigated

nonrotation hay activities are weighted from the activities

tory (3) gives dryland and irrigated nonrotation pasture ac-

tivities. The costs and yields are developed by transferriag
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the pasture activities reported in Agricultural Rater Demands

(9). The yields fronm these pasture activities contribute to
the hay-equivalent measurement of pasture lani by producing
area. The measurement of fertilizer use on the nonrotation
pastures reflects the vastes of the livestock which are
dropped while the animal is grazing. In order to quantify
the requirements per acre and to reflect vastes produced
while grazing, waste product ion of the animal is related to
the consumption of roughage. This amount of waste per unit
of roughage consumed is used to calculate the waste applied
per acre grazed as a function of the yield of hay equivalent
roughage from the acre of pasture.

The water coefficient for irrigated pasture is deter-
nined by adjusting the coefficient from irrigated pasture on
farms as reported in pgricultural Water Demands (9)- A simi-
lar activity on dryland only is developed from the forest
grazed category with the coefficients being determined from
the "pasture not on farms" activities described in Agricul-

tural water Demapds. The fertilizer nitrogen coefficient is
determined as for the pasture activities. Tha forest grazed
activity represents mostly low-yielding lands which are
grazed on an extensive basis and occur in larje blocks in the
regions of the West.

pasture and hay production thus developed for each pro-

ducing area is included in the model as an activity with an
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upper bound equal to the estimated acreage in the producing
area. These activities are then available to be considered
as a source of roughage production depending on the per unit

costs of the roughage produced.

The water sector is developed directly from Agricultural

of water into the Southwest seacoast areas. An activity is
defined in each of the 51 water supply regions to add to the
supply of available wvater. These activities are of the form
W(w)<U(w), where W(w) is the level of water-buying activity
in water-supply region w and U(w) is the upper limit on the
activity equal to the dependable water-supply estimated for
water-supply rejion w. An additional water-supply activity
is defined in all water-supply regions adjacent to a salt wa-
ter source which allows for desalting of ocean water. This
activity has no upper limit but is given a cost of $100 per
acre foot thus making it feasible only for extremely high re-
turn uses.!

The remaining group of activities controlling the avail-
ability of resources represents the nitrogen fertilizer buy
activities. These activities, defined by producing area,

allow for the purchase of nitrogen fertilizer to meet the re-

1The $100 per acre foot cost is an estimate of the per
unit cost of presently feasible large scale desalting at-

tempts (9).
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quirements of the cropping management system. The costs as-
sociated with these activities are deternined from state fer-
tilizer prices over the 1969-1971 period (27). These activi-
ties have no upper bound preventing fertilizer scarcity from

placing any production limitation on the crop sector.

The commodity and_resoucrce_transfer sections

Transfer activities are used in the model to transport
conmodities from areas of surplus production to areas of
excess demanrd, to transfer water on a downstrean flow or
througin interbasin channels, and to change the quality param-

eter in the beef market.

The commodity transportation activities are definmed for
the crops--barley, cora, oats, sorghum, soybeans, and wheat,
and for the livestock products--fed beef, nonfed beef, pork,
feeders, and dairy products on a milk equivalent basis.
Transportation activities move the commodities between
adjacent market regions and over some long haul routes if the
long haul rail mileage is less than 90 percent of the miles
associated with a movement through all intermadiate markets.
No discrepancy occurs as market handling costs are not
charged at each point and the transportation Sost functions
utilized are linear in distance (9). The activities for
transporting commodities are of the form 0<T(i,j,k)< =, where
T(i,j. k) is the quantity of commodity i transported from mar-

ket region j to market region k, with j and k having defined
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values in the range from 1 to 30 except j= k.

The transfer of water has two components, the downstreanm
flow and the interbasin flows. The downstream flow simulates
natural water movement and is defined such that WNij < .75Wi,
where WN(i,j) is the level of water transfer by natural flow
from water supply region i to water supply region j, and W(i)
is the total quantity of vwater available for use in water
supply region i. This restrained activity allows for only 75
percent of the available water to be moved as outlined in A3~
Licultural Water_ Demands (9) . The second water transfer is
the interbasin transfer system where existing interbasin
transfer systems are simulated. The activities are of the
same mathematical form as the natural flow transfers except
the bound represents the capacity of the system rather than
the water availability.

The final transfer sector is more realistically a trans-
formation activity as the model allows fed beef to be used as
part of the supply requirements to meet the nonfed beef de-
mand. This activity approximates slaughtering cattle in a
less finished state to be used as lower-quality meat. If
this type of substitution were not possible, 2xcess livestock
(dairy and/or beef cows) could be introduced into the model
to satisfy the nonfed beef demand, thereby producing an'

excess of the primary products, milk and feeders.
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The description of all the coefficients used in the

nodel have now been completed. The following section indi-

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

Regional Restraints Inposed on the Model

Restraints on the level of an activity or group of ac-
tivities are included in the linear programming modesl at the
producing area, water supply region, 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 conmodity balances, water use and trans-
fer, land quantity, pasture availability, the nitrogen fer-

tilizer balance, and commodity demands.

Bgézzé;a£§_iﬂ29§gé_gz_shs-asgggg;ag-éggé_nggl
A restraint at the producing area level, not covered by
the individual activity restraints already defined, is used
to control the per acre soil loss by the crop managament 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 roughage equivalent pro-

duction from pasture. The soil loss restrictions are of the

form SL (i, j)<MSL where SL (i, j) is the calculated per acrce
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soil loss associated with crop management system i in produ-
cing area j, and MSL is the maximum allowed soil loss. A
maximum soil loss restraint is imposed equally on all lands
in all producing areas. (It would be possible to conduct the
same analysis imposing different upper limits on soil loss on
each land group and in each producing area). This restraint
is not directly executed in the programming model but is a
pre-solution condition., Each activity is evaluated as the
model is constructed, and only those crop management systems
which have a determined soil loss less than the per acre
limit are included for that analysis.

The restraints regulating the availability of land by
quality class make up the base for the entire model. The use
of the land available provides an easy means of either ex-
panding or contracting agricultural output. [In the coeffi-
cients section, the land class groups are outlined along with
the method of calculating the acreages available for use
given the requirements for the exogenous crops. A possible
18 land restraints for each producing area are defined, 9 for
each of the dryland and irrigated possibilities. The level
of use of the available dryland or irrigated cropland is de-

termined by restraints of the general form.

Zl:( X(i,3,k)A(i,]J,k) £ L(i,])

1, eees 223 for the producing areas,
1, «e«s, 18 for the land classes defined,

("
inu
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k= 1, 2, «+e, for the number of crop management sys-
tems defined on land class j in producing area i,

where:
A{i,j,k) is the acres of cropland defined in rotation k
on land class j in producing area i

X(i,j,k) is the level of use of rotation k in land

class j in producing area ij;

L(i,j) is the acres of cropland on land class j avail-

able for use in producing area 1i.

The land groups run 1 through 18 with 1 through 9 indi-
cating dryland (the only alternative in areas where water
supplies are not defined) and 10 through 18 indicating the
potentially irrigated lands. When irrigated cropland is in-
cluded, the activities defined for possible use on the land
include irrigated as well as dryland possibiiities. Thus, if
the water supply is fully utilized prior to using all
possibly irrigated lands, the land unused for irrigation maf
be svitched to rainfed agricultural uses. The model does not
include the possibility of irrigated activities on dryland
acres even when excess water is available.

The second general restraint defined at the producing
area level regulates the production, purchase, and use of
fertilizer nitrogen. Pertilizer nitrogen is balanced at the
producing area level rather than the market region level to

prevent the production of livestock wastes in one producing
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area and the consumption of the nitrogen from these wastes in

another producing area within the market region. The fertil-

izer nitrogen restraint has the form:

TY(i,n)L(i,m) + Z(i)

m

L e

where:

EL(i) - EC(i) =

1, easeyg 223 fOl’.‘
1, vee, 18 for
1, 2, ..., for
land class j in
1’ 2' e ooy fOl.‘

- ZZx(i,j,k)A(i,k) ~Z P(i,n)N (i,n)
jk n

the producing areas,

the land classes,

the number of rotations definad on
producing area i,

the number of livestock activities

defined in producing area i,
1, eees 5 for the permanent pasture and hay activi-

ties,

L(i,m) is the pounds of fertilizer nitrogen equivalent

produced in the

wastes of livestock activity a in

producing area i;

Y(i,m) is the level of operacion for livestock activity

m in producing area i;

Z(i) is the number of units of fertilizer nitrogen pur-

chased in producing area i;

A(i,k) is the per acre nitrogen equivaleat requirement

of rotation k on land class j in producing area i;

X{(i,j,k) is the level of use of rotation k on land

class j in producing area i;

EL(i) is the level of fertilizer nitrogen equivalents
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produced by the exogenous livestock in producing

area i;

EC(i) is the level of fertilizer nitrogen egquivalents
required by the exogenous Crops in producing area i;

P(i,n) is the level of permanent pasture or hay activi-
ty n in producing area i;

N(i,n) is the per acre requirements of fartilizer ni-
trogen equivalents for permanent pasture or hay type
n in producing area i.

These nitrogen restraints are in the form of equalities.
This formulation requires sufficient nitrogen fertilizer to
be produced or bought for use (as would be done with a
wgreater than" restraint) and also preveats surplus fertiliz-
er nitrogen from accumulating in the producing area (as might
be the case if a concentration of livestock develops with in-
sufficient crop or permanent pasture or hayland on which to
dispose of the wastes). For computational purposes, these
restraints are alloved a limited deviation from the eguality
constraint when solving the model.

The final producing area restraint balances pasture pro-
duction and utilization on a producing area basis. All units
are defined in terms of toms of hay equivalent per acre ra-
ther than acres of pasture. With this restraint defined by
producing area, use of pasture can be controlled by producing

area rather than by market regiom so that livestock in one
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producing area cannot consume pasture located in any other

producing area within the same market region. The restraints
are of the form:

£X(i,j)AP (i,j) + TP (i,n)PY(i,n) - TY(i,k)PC(i,k) 2 O
j n k

i=1, «eep 223 for the producing areas,
j=1, ceay for the rotations defined in producing
area i,
n=1%, ..., 3 for the permanent pasture activities,
k= 1, enne for the livestock activities defined in
producing area i,
where:

X(i,j) is the level of crop rotation j in producing
area i;
AP(i,j) is the per acre yield of aftermath pasture by
rotation j;
P(i,n) is the acres of pasture activity n in produciny
area i;
PY (i,n) is the yield of pasture activity n in produ-
cing area i (in hay equivalents);
Y (i) is the level of livestock activity k in producing
area i;
PC(i,k) is the per unit level of pasture consumption
by livestock activity k in producinj area i.
Aftermath pasture is the grazing equivalent received
from cropland after harvest or in the early spring before the

crop develops. These balance equations complate ths set of
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restraints defined by producing area. The final resource re-

straint is defined by water supply region.

vestraints defined_at the_water supply _region level

) o e e e e e e e S S S S - T G D WA S S SIS S S S S —— -

The only restraint defined by water supply region regu-

lates the use of water for all purposes such that it remains
less than the quantity available, including any inflows de-
fined. The restraints in this set are of the form:
WB(w) + WT (v) + WI(w) - WO(wW) - WX{w) - WE(W)
ZWR(n,i)R(n, i) - z ;X(i,j)HU(i,j)

n iew J

s £Y(i, k) WL(i,k) - WP (L)PN(i) 20

iew k

i=1, eco, 223 for the producing area,

j = 1, «ve, for the cropping activities iefinel in pro-
ducing area i,

k= 1, «os, for the livestock activities definad in
producing area i,

n= 2, U for the irrigated permanent pasture and

hay,
w=1, eesy 51 for the wvater supply regions,

wheres:
WB (W) is the level of the water buying activity in wa-
ter supply region w3
WT (w) is the level >f the net natural water transfer
associated with water supply region w;
WI(w) is the level of the net interbasin transfer of
vater associated with water supply region w;

WO (¥) is the level of water use for onsite needs in
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water supply region w;
WX (W) is the level of water exports from water supply
region w;
WE(w) is the level of water use for exogenous crops
and livestock in water supply region w;
WU (i,j) is the per acre water use by cropping activity
j in producing area i;
X(i,j) is the level of use of cropping activity j in
producing area i;
WL(i,k) is the per unit requirement for water by live-
stock activity k in producing area i;
Y(i,k) is the level of use of livestock activity k in
producing area ij;
WR (n,1i) is the per acre requirement for water by per-
manent roughage activity n in producing area i;
R(n,i) is the level of use of permanent roughage ac-
tivity n in producing area i;
WP (i) is the level of water use per person in produ-
cing area 1i;
PN(i) is the number of persons in producing area i.
All measuraments are in acre feet of water per unit of
activity. Of activities interacting in this restraint, the
water buy, water transfer, interbasin flow, water for onsite
uses, water exports, water for exogenous crops and livestock,

and water for the permanent pasture and hay uses all are con-
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trolled by individual activity bounds regulating their level
of incorporation in the podel as explained with the defini-

tion of the relevant activities.

The restraints at the market region level act as the

market balancing mechanism for each of the commodities.?

Each producing area in the market region interacts lirectly
with these market restraints to satisfy its requirements for
conmodities as resources or to market the commodities pro-
duced in the area. Transportation activities link the comn-
modity markets of adjacent market regions and allow the
transfer of commodities t> facilitate the interregional com-
parative advantage characteristics and satisfy the demands of
the model. These restraints are of the general form:

T EcC(i,j.p)X(i,3) ¢ Z LCL(i,k,p) Y (i,k)
iem j iecm k

+ »T(p,qem) *+ PC(i,p)N(i) + E(p,m) - X(mp) 20
q
1, eees 223 for the producing areas,

1, «es, for the cropping activities defined in
producing area i,

.
non

1The commodities include the crop products--barley,
corn grain, legume and nonlegume hay, oats, oilmeals, silage,

sorghum grain, and wheat, and the livestock products--fed and
nonfed beef, dairy products {in milk equivalent), feeders and
porke.
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k=1, «eeo, for the livestock activities defined in
producing area i,
B =1, «e., 30 for the market regions,
P=1, «ae, 15 for the commodities,
g =1, «ee, Ffor the transportation activities defined
in market region nm,
vhere:

CC(i,j,p) is the per unit production of commodity p by
crop activity j in producing area i;
X(i,3) is the level of use of cropping activity j in
producing area 1i;
CL(i,k,p) is the per unit use or production of commodi-
ty p by livestock activity k in producing area i;
Y{(i,k) is the level of use of livestock activity k in
producing area 1i;
T(psq,m) is the net movement of commodity p on trans-
portation route g in market region m;!?
E(p,m) is the net export of commodity p from market
region m;
PC(i,p) is the per capita consumption of commodity p
in producing area i;
N(i) is the population level in producing area ij;

X(m,p) is the net use of commodity p by the exogenous

1Transportation activities are defined for the crop
commodit ies--barley, corn, oats, oilmeals, sorghua, and
wheat, and the livestock products--dairy products, fed beef,

feeders, nonfed beef, and pork.
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livestock in market region m.
The restraints balance the distribution and production
of each of the commodities allowing for the interactions of
the commodities as intermediate goods, where applicable, and

also for the level of international trade.

S o e e ¥ Ciats . T s e R S e Y G SR D S S D T G o S . G A S S G = D S S S

Individual restraints at the national level simulate the
pmarkets for cotton, sugar beets, and spring wheat. Each of
the producing areas which has the ability to produce these
conmodities feeds directly into the national market. The re-
straints have the general form:

sy X(i, j,p)CC (i,jep) - Q(P) - E(P) 2 0

1)

i =1, «os, 223 for the producing areas,

j= 1, «ee, for the rotations defined in producing
area i containing production possibilities for conm-
modity p,

p=1 2, 3 for the comnodities balanced at a national
level,

where:

cCC(i, j,p) is the per unit production of commodity p by
crop activity j in producing area i;

X(i,j) is the level of use of cropping activity j in
producing area i;

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

E(p) is the net export level of commodity p.
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National activities are defined for cotton and sugar beets,
as no definite regional market is defined. In the case of
spring wheat the regional allocation is controlled by the
total wheat equilibrium by market area and the national re-
straint is defined only to ensure that sufficient of the

wheat be of the spring varieties-

The Objective Function

The objective function in the model is daveloped to mia-
imize the cost of producing the national agricultural bill,
including both domestic and export demands, given the avail-
able land, water and fertilizer nitrogen resources, environ-
mental goals, and the technology implied in the defined ac-
tivities. It also requires that costs of resources used in
production are covered, thus simulating a long-run competi-
tive equilibrium of agriculture. The restraints on the ob-
jective function include balancing all markats as outlined in
the market region and national market restraint sets. The
objective function includes the costs of production, resource
purchase, transfer, and transport as it minimizes the cost of
the national agricultural bill and, considering only the
nonzero elements, is of the form:

minimize £E(X(i,j)cC(i, j)) + T Y (i,k)LC(i,])
ij k

+ $P(i,n)PC(i,n) + F(i)FC(i))+ WB(w) WC(w)

n
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+ WD(w)DC (w) ¢+ WT (W)IC(w) + Z X ZT(m,p,q) TC(R,P,q)

mp4dg

i =1, eees 223 for the producing areas,

=1, «e., £for the crop management systems in produ-
cing area i,

k=1, ..., for the livestock activities in producing
area i,

m =1, «ees 30 for the market regions,

n =1, «.op 5 for the nonrotation hay and pasture ac-
tivities,

p=1, «eep, 15 for the commodities considered in mar-

ket area m,
q=1, «.., for the transportation activities defined
in market area m for commodity p,
W =1 e.o, 51 for the water-supply regions,
where:
X(i,j) is the level of crop activity j in producing
area 1i;
CC (i, j) is the cost per unit of crop activity j in
producing area 1ij;
Y(i,k) is the level of livestock production activity k
in producing area i;
LC(i,3J) is the cost per unit of livestock activity k
in producing area i;
P(i,n) is the level of nonrotation pasture or hay ac-
tivity n in producing area i;
PC(i,n) is the cost per unit of nonrotation pasture or
hay activity n in producing area i;

F(i) is the level of fertilizer nitrogen purchase in
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producing area i;

FC(i) is the cost per unit of fertilizer nitrogen pur-
chase in producing area i;

WB(w) is the level of water buying in water-supply re-
gion w;

WC(w) is the cost per acre foot of water buying in
vater-supply region w;

WD(w) is the level of water desalting in water-sunply
region w;

DC () is the cost per acre foot of desalting water in
water-supply region w;

WT (v) is the level of water transfer through natural
flow, exports or interbasin transfers from water-
supply region w;

TC(w) is the cost per acre foot of water transferred
from water-supply region w;

T(m,p,q) is the level of transportation for commodity p
through transport activity q from market region m;

TC {(n,p,q) is the cost per unit of transporting commodity
p through transport activity g from marcket region

Me

The per unit costs defined in the objective function include
only the purchase and utilization of resources exterior to
the model. That is, no charge is included for internal

inputs such as land, fertilizer, or livestock feeds.
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SOIL LOSS RESTRICTIONS AND TRADEOFFS IN
AGRICULTURAL PRODUCTION, RESOURCE USE,
AND PRICES

The soil loss analysis is based on four solutions of the

programming model. The solutions simulate production possi-
bilities with (a) no restriction on per acre soil loss, (b) a
10 ton per acre upper limit on soil loss, (c) a 5 ton per
acre upper limit on soil loss, and (d) a 3 ton per acre uppar
limit on soil loss. The four solutions provide approxima-=
tions of the agricultural production pattern at specific
points on a continuum with (a) the anrestricted alternative
on one end and (b) some pinimum soil loss level, consistent
with production to satisty the defined demands, at the other
end. The 10, 5 and 3 ton restriction alternatives provide
estimates at intermediate points along the continuum. Given
the tradeoffs in resource use and production patterns at both
the inter- and intraregional level, the policy maker can de-
termine the point along the continuum which approaches "equi-
librium," given the policy maker's concept of the public's
social welfare function.

Each alternative solution estimates the agricultural
prodnction and resource use pattern in 2000, subject to the

conditions upon which the model is built. The unrestricted



63

soil loss model estimates production patterns given in a free
market for the outputs and inputs and a nonrestrictive trans-
portation network. The only restraint preventing a complete-
ly free market allocation of the factors is a semi-
environmental raquirement, the fertilizer nitrogen balance.
It prevents livestock production in areas where land is in-
sufficient to allow livestock waste disposition at a lavel
which provides more nitrogen than the cropping pattern is ca-
pable of utilizing efficiently. The three restricted models
of this section operate under the additional restraint
simulating upper limits on per acre gross soil loss.

Model solutions reflect changes in land use patterns,
resource use levels, farming practices employa2d, water allo-
cation, agricultural income, and at the national levels, farm
level food prices. The four solutions represant movement
along the continuum of soil loss per acre and reflect the
trade-offs in the above factors. The results provide esti-
mates of the level and distribution of land and water use,
crop production, total and per acre soil loss, the erosion
control measures utilized to achieve the proposed level of
erosion control, farm level prices and farm level expendi-
tures for alternative crop inputs. Most of these data are
generated for each of the 223 producing areas. Howsver, be-
cause of space limitations, the data are presented at the na-

tional level and at a regional level for those variables
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where regional variation is important to the implied produc-
tivity changes. The seven zones used for reporting the data
are approximated in Figure 8. Initially, a comparison is
made of the production patterns under the unrastricted soil
loss model and the production patterns depicted by the most
recent comparable data available.!? Then, in following sec-
tions, the comparison is made of trade-offs and impacts of

successively lover levels of allowable soil loss.

Production Patterns Under No Soil Loss Restriction
The unlimited soil loss model serves as the benchmark
model in the analysis against which the other models are coa-
pared to datermine the implications of the alternative levels
of restriction on soil loss. The optimizing technigues used
in pmathematical programming estimate the optimum production
patterns subject to the defined constraints at the national

level.

Land use comparisons indicate the acreages and the rela-
tive concentration of crops by land class and by region for
both dryland and irrigated alternatives. A continuation of

the land use apralysis indicates the additional production ca-

1Most of the data for the comparisons are obtained from
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pacity remaining in agriculture.

With a free market assumed for agricultural outputs,
land use patterns distribute crops in areas of greatest com-
parative advantage. The crop quantities grown are those
which meet the demands of the model at least cost. Projected
yield increases and changes in feed conversion rates allow
for the production of the agricultural bill im 2000 on a
smaller acreage than the 1967 cropland base. Dryland acreajye
used for production of all agricultural commodities is lower
for 2000 than in 1967 (Tables 7 and 8). Land for excga2nous
crops in both 1967 and 2000 is 12 million acres. The total
dryland acreage under the unrestricted soil loss alternative
for 2000 is 38 percaent less than in 1967. However,
cultivated land use in 2000 is only about 6 percent below the
1967 acreage. Shifts by crops show a variation consistent
with minimizing the cost of the agricultural bill in 2000.
The acreage by crop group for 1967, Table 8, and for 2000,
rable 9, indicate a reduction of 4.9 million acres or 3.4
percent for row crops, 23.6 million acres or 25.3 parcent for
the close-grown crops, and an increase of 0.8 million acres
or 1.2 percent in hayland acres. Hay production reflects a
switch toward cultivated roughage and away from pe:mahent
pasture and wild haylands. 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 row
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Table 8. Dryland crop acreages in major zones by soil capability class
in 1967
Zone and Close All

soil class Row grown hay2/ Pasture®’ otherS/ Total

- (000 acres)

United States 143905 93832 65548 614311 35036 952632
I, II 88747 47000 28657 58111 12779 235294
IIIE, IVE 28064 28908 20889 111908 12896 202665
Other III-IV 23499 14447 9976 49902 7266 105090
V-VIII 3595 3477 6026 394390 2095 409583

North Atlantic 5071 2660 8749 9539 571 26590
I, II 2967 1337 3600 1893 266 10063
IIIE, IVE 908 732 2654 2813 141 7248
Other III-IV 1001 453 1770 1558 73 4855
V-VIII 195 138 725 3275 91 4424

South Atlantic 15243 2313 3389 32029 1491 54445
I, II 9191 1271 1234 5226 294 17216
IIIE, IVE 2035 617 1231 6051 109 10043
Other III-IV 3578 321 405 10843 938 16085
V-VIII 439 104 519 9909 130 11101

North Central 74690 28801 31446 46708 4021 185666
I, 1I 54327 19826 16761 13767 2913 107594
IIIE, IVE 10681 4452 8468 12260 509 36370
Other III-IV 8452 3933 4003 4865 475 21728
V-VIII 1230 590 2214 15816 124 19974

South Central 37161 23667 10637 169350 4272 + 245087
I, II 18069 11928 3802 27786 1735 63320
IIIE, IVE 8968 7734 4088 45325 1384 67499
Other III-IV “9139 3346 1811 17878 973 33147
V-VIII . 985 659 936 78361 180 81127

Great Plains 8073 27567 9093 185352 19565 249650
I, II 3983 11204 2676 7551 6912 32326
ITIE, IVE 3275 11193 3621 34130 8211 60430
Other III-IV 433 3552 1292 8274 3146 16697
V-VIII 382 1618 1504 135397 1296 140197

North West 93 5980 2158 47651 3883 59765
I, II 61 1183 559 945 468 3216
IIIE, IVE 7 3145 798 5069 2176 11195
Other III-IV 20 1427 677 2298 1055 5477
V-VIII 5 225 124 39339 184 39877

South West 3574 2844 76 123682 1253 131429
I, II 149 251 25 943 191 1559
ITIE, IVE 2190 1035 29 6260 366 9880
Other III-IV 876 1415 18 4186 606 7101
V-VIII 359 - 143 4 112293 90 112889

Source: (3),
Q/Includes rotation hay, other hay and cropland pasture,
E/Includes permanent pasture, rangeland and forest grazed,
£/1Includes summer fallow, orchards and vineyards.
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Table 9. Dryland acreages in major zones with unlimitel
soil loss and 69-71 average exports in 2000
(Model A)
Zone and Close All / b/
soil class Row grown hay2’ Pasturs Otaer=' [Iotal

(000 acres)
United States 138980 70205 66333 303059 7584 586261

I,II 101349 38536 29197 0 2543 171625
IIIE, IVE 22163 21934 13908 0 2198 6560203
Other III,IV 15248 9500 5998 0 2702 33448
V-VIII 220 235 347 0 241 1043
North Atlantic 3713 1698 1614 6806 295 14126
I,II 3320 1193 493 0 137 5143
IIIE, IVE 216 491 5 0 81 793
Other III,IV 162 1 0 0 45 218
V-VIII 15 3 0 0 32 50
South Atlantic 10691 3201 2007 23592 1505 41096
1,11 7979 2387 1218 0 229 11813
ITIE, IVE 1152 383 48 0 70 1653
Other III,IV 1476 428 0 0 1166 3070
V-VIII 84 3 0 0 140 227
North Central 90902 19440 16755 29775 215 157087
I,I1 71954 16121 7918 0 70 96063
IIIE, IVE 11266 2659 2767 0 54 16746
Other III,IV 7656 642 162 0 70 8530
CV-VIII 26 18 0 0 21 65
South Central 27510 19863 27185 110694 1124 186376
I,II 14064 8753 11970 0 251 35038
IIIE,IVE 7933 6447 7285 0 518 22183
Other III,IV 5487 4563 4817 0 3131 15198
V-VIII 26 100 183 0 24 333
Great Plains 4210 15015 14199 41388 4071 78883
I, II 3246 6574 6443 0 1764 18027
IIIE,IVE 776 6025 2279 0 1355 10435
Other III,IV 161 2359 84 0 952 3556
V-VIII 27 57 0 0 0 84
North West 335 6235 3048 24515 319 3uys52
I,I1 717 1334 904 0 77 2392
IIIE,IVE 37 3424 499 0 97 4057
other III,IV 207 1460 830 0 131 2628
V-VIII 14 17 21 0 14 66
South West 1619 4753 1525 66289 55 74241
I,II 709 2174 251 0 15 3149
II1E,IVE 783 2505 1025 0 23 4336
Oother III,IV 99 37 105 0 7 248
V-VIII 28 37 143 0 10 218

%;Including other hay and cropland pasture.
®/summer fallow lands and orchards and vin2yards.
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crops, as compared to the close-grown crops, is indicative of
the greater production of nutrients per acre by the row crops
at a lover per unit cost as the two groups of commodities
substitute in the livestock rationms.

A reduction of 20 percent in irrigated acreage (Table 10), when
compared to the 1967 acreages, occurs under the
unrestricted soil loss model, Table 11, Irrigated row
crops decline by 8 million acres and account for over 80 per-
cent of the reduction in total irrigated acreage. (Total ir-
rigated acreage includes nearly 8 million acr2s of exogenous-

ly determined irrigated crops.)

One reason for the reduced acreage in 2000 is the shift

in production to the less erosive and more productive class I
and II lands relative to the 1967 cropping patterns. Nearly
73 percent of the row crops under the unrestricted soil loss
alternative are grown on the class I and II lands, compared
to about 62 percent in 1967. For the close-grown crops, 55
percent of the acreage is on class I and II lands under the
unrestricted soil loss model compared with approximately 50
percent in 1967. Part of the shift results from the lower
total acreage in production and most of the acres not in use
in 2000 are in the more erosive land classes. During the
period 1960-1972, approximately 50 million acres of land were

withdrawn from production under government farm programs.
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Teble 10. Irrigated crop acreages in major zones by soil class in 1967

Zone and Close Alla/ b/ c/
soll class Row grown hay= Pasture— Other—" Total
(000 acres)

United States 16085 6801 12079 3010 1998 39973
I, I1 11763 3771 4622 759 1151 22066
IIIE, IVE 2108 978 2275 633 299 6293
Other III-IV 2108 1968 4032 992 513 9613
V-VIII 106 84 1150 626 35 2001

North Atlantic Not available
I, 1I
IIIE, IVE
Other III-IV
V-VIII

South Atlantic Not available
I, II
IIIE, IVE
Other III-IV
V-VIII

North Central 68 1 7 0 0 76
I, 11 42 1 6 0 0 49
I1IE, IVE 2 0 0 c 0 2
Other III-IV 24 0 1 0 0 25
V-VII1 0 0 0 0 0 0

South Central 2506 1168 715 180 118 4687
I, 1II 2112 701 332 109 103 3357
ITIE, IVE 285 90 18 52 15 460
Other III-IV 99 371 363 5 0 838
V-VIII 10 6 2 14 0 32

Great Plains 4889 1805 6545 1628 53 14920
I, I1 3698 882 2107 236 19 6942
IIIE, IVE 677 428 1526 422 20 3073
Other III-IV 476 449 2074 535 12 3546
V-VIII 38 46 839 435 2 1359

North West 1801 1545 3513 872 949 8680
I, II 957 585 1378 275 582 3777
IIIE, IVE 188 253 613 71 154 1279
Other III-IV 639 683 1229 396 193 3140
V-VIII 17 24 293 130 20 484

South West 6821 2282 1299 330 878 11610
I, 1I 4954 1602 799 139 447 7941
ITIE, IVE 956 - 207 118 88 110 1479
Other III-IV 870 465 365 56 308 2064
V-VIII 41 8 17 47 13 126

Source: (3),
a/Includes rotation hay, other hay and cropland pasture.
b/Includes permanent pasture, rangeland and forest grazed,
E/Includes summer fallow, orchards and vineyards.
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Table 11. Irrigated acreages in major zonas with
unlimited s>il loss and 69-71 average exports
in 2000 (Model a)

Zone and Close All / b

soil class Row grown hay2/ pPastura otherl/ Total

(000 acres)

United States 9246 5330 12402 2921 1519 31518
I,II 6961 2184 5108 0 Iug 15201
IIIE,IVE 1282 851 598 0 205 2936
Other III,IV 980 2291 600 0 444 4315
V-VIII 23 4y 2 0 22 51

North Atlantic 0 0 0 0 0 0
I,II 0 0 0 0 0 0
JIIE,IVE 0 0 0 0 0 0
Other III,IV 0 0 0 0 0 0
V-VIII 0 0 0 0 0 0

South Atlantic 0 0 0 0 0 0
I,II 0 0 0 0 0 0
ITIIE,IVE 0 0 0 0 0 0
Other III,IV 0 0 0 0 0 0
V-VIII 0 0 0 0 0 0

North Central 24 0 435 0 0 459
I,II 22 0 326 0 0 348
ITIIE,IVE 2 0 0 0 0 2
Other III,IV 0 0 109 0 ] 109
V-VIII 0 0 0 0 0 0

South Central 1156 880 262 0 92 2390
I, II 888 524 161 0 91 1664
IIIE,IVE 160 64 717 0 1 302
Other III,IV 108 289 4 0 0 401
V-VIII 0 3 2 0 0 5

Great Plains 3302 1177 6852 472 8 11811
I,II 2506 633 2410 0 3 5552
IIIE,IVE 472 376 157 0 3 1008
Other III,LV 318 168 380 0 2 868
V-VIII 6 0 0 0 0 6

North West 1405 1528 2631 2381 701 B646
I,II 914 617 1141 0 450 3122
IIIE,IVE 149 318 349 0 100 316
Other III,IV 329 592 94 0 140 1155
V-VIII 13 1 0 0 1 25

South West 3359 1745 2222 68 318 8212
I,II 2631 410 1070 0 404 4515
IIIE,IVE 499 93 15 0 101 708
other III,IV 225 1242 13 0 302 1782
V-VIII 4 0 0 0 11 15
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E?ncluding other hay and cropland pasture.
b/summer fallow lands and orchards and vina2yacrds.
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The land not farmed was ndt selectively allocated to the more-

erosive, less-productive soils. In this study, land previ-
ously retired is allowed to return to use. Hence, the more
productive of it replaces less-productive lands formerly
cropped on a greater than 1: 1 basis.

Little change is shown in the land capability class con-
centration of the irrigated row crops with 73 percent of the
2000 and 73 percent of the 1967 production being on class I
and II lands, Tables 10 and 11, respectively. A loier per-
cent of the irrigated close-grown crops is on class I and II
lands in 2000 (41 percent) than in 1967 (55 parcent). A
veason for the reduction in close-growvn crops on class I and
II lands is the greater quantity of these lands used for ex-
ogenous crops in 2000, with the remaining acr2age used for
row crops in class I and II lands. As the data in Table 11
indicates, there is essentially no class I and II land capa-

ble of being irrigated that is not used in 2000.

Regional land use patterns

A second factor contributing to the reduced total acre-
age required in 2000 is the ability for the production of
crops and livestock to shift to areas of greatest comparative
advantage. The South Central Region has 31.8 percent of the
dryland acreage in 2000, compared with 25.7 percent in 1967.
other zones which increase ia the proportion of the dryland

acreage in 2000 when compared to 1967 include (vith 1967 per-
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centade in parentheses) the North Central with 26.8 percent
(19.5 percent) and the South Atlantic with 7.0 percent (5.7
percent). The Great Plains zone has a total 2000 dryland
acreage of 13.5 percent, compared to 26.2 percent in 1967.
Considering only the dryland acreage of row crops, the
North Central with 65.4 percent, the South Central with 19.8,
and the South Atlantic with 7.7 percent account for 92 per-
cent of all dryland row crop acreage in 2000, Figure 9. In
1967, these same zones accounted for 88 percent. These shifts
are consistent with the dryland yields of the regions. The
North Central has yield advantages for corn and soybeans.
The South Central and South Atlantic regions have yield ad- .

vantages for dryland cotton, soybeans and sorjhum (35).

Concentration of close-grown crops is in the South Cen-
tral with 28.3 percent, the North Central with 27.7 percent,
and the Great Plains with 21.4 percent of the national acre-
age. These zones account for over 85 percent of tha 2000
dryland close-grown crop acreage compared to 77 percent in
1967, Figure 10. These same three zones account for over 87
peccent of the dryland hay acreage in 2000 in the unrestrict-
ed soil loss alternative, compared to 78 percent in 1967,

Figure 11.

The regional production patterns of the irrigated crops
do not show changes similar to those which occurred for the

dryland crops.
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Production Patterns with Restrictions on Soil Loss

The data are presented as observations along a continuunm
such that points intermediate to the observations and in con-
parison with the unrestricted soil loss model might be
approximated by interpolation between the two most adjacent
points. The analysis following covers trade-offs in soil
loss, land use, production alternatives, and resource use as

the level of per acre soil loss is reduced.

Soil loss levels

Evaluation of a possible reduction in soil loss fronm

cultivated lands is a major objective of this study. The al-
ternative soil loss restrictions are examined from both na-
tional and regional standpoints. Soil loss is examined by
soil class and conservation practice.

The level of total soil loss declines as the limit on
per acre soil loss is reduced. Under the unrastricted alter-
native, 2,677 million tons of soil are releas2d from
cultivated lands, Table 12. The loss decreases to 1,132 mil-
lion tons under the 10 ton restriction (Table 13), to 726
million tons under the 5 ton restriction (Table 14) and to
438 million tons under the 3 ton restriction (Table 15).
Among these alternatives,soil loss reduction ranges from 92

percent between the unrestricted alternative amnd the 3 ton
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Table 12, Total soil erosion on cultivated lands in major zones with

unlimited soil loss and average level exports in 2000
(Model A)2/

Land Class
Zone other

I,11 IIIE-IVE III-1IV V-VIII Total

(million tons)
United States 1100 1073 491 13 2677
North Atlantic 35 11 —— -- 46
South Atlantic 168 81 21 -- 270
North Central 521 479 86 -- 1086
South Central 285 413 376 13 1087
Great Plains 64 52 ) -- 121
North West 6 18 2 -- 26
South West 21 19 1 -- 41

E/For all cultivated crops including rotation hay.

Table 13. Total soil erosion on cultivated lands in major zones with

10 maximum soil loss and average level exports in 2000
(Model B)E/

Land Class
Zone other

I,I1 II1IE-IVE III-1IV V-VIII Total

(million tons)
United States 720 277 135 -——- 1132
North Atlantic 22 “-- - -—- 22
South Atlantic 60 5 5 .- 70
North Central 389 80 31 - 500
South Central 169 126 91 -——- 386
Great Plains 52 36 5 -——- 93
North West 6 11 2 -——- 19
South West 22 19 1 --- 42

a/

For all cultivated crops including rotation hay.
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Table 14, Total soil erosion on cultivated lands in major zones with
5 ton maximum soil loss and average level exports in 2000
(Model C)a/
Land Class
Zone other
I,II IIIE-IVE ITI-IV V-VIII Total
(million tons)
United States 474 161 91 0 726
North Atlantic 20 2 1 0 23
South Atlantic 28 3 3 0 34
North Central 257 44 19 0 320
South Central 114 65 59 0 238
Great Plains 33 18 2 0 53
North West 7 11 2 0 20
South West 15 18 5 0 38

E/For all cultivated crops including rotation hay.

Table 15, Total soil erosion on cultivated lands in major zones with
3 ton maximum soil loss and average level exports in 2000

(Model D)2/

Land Class
Zone other

I,1I ITIE-IVE ITII-1V V-VIII Total

(million tons)
United States 336 111 36 0 483
North Atlantic 11 10 0 0 21
South Atlantic 17 1 1 0 19
North Central 189 36 16 0 241
South Central 71 43 13 0 127
Great Plains 33 16 3 0 52
North West 6 6 2 0 14
South West 9 9 1 0 19

al/

For all cultivated crops including rotation hay.
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restriction to 36 percent between the 10 ton restriction and

the 5 ton restriction.

The data in Tables 12, 13, 14 and 15 indicate the total

soil loss by the 7 regions in the nation for the alternative
restriction levels. Under the unrestricted alternative,
Table 12, the North Central and South Central ragions have
the largest erosion levels and account for 81 percent of
total national erosion. Compared to the unrestricted soil
loss alternative, erosion reduces to 78 percent under the 1)
ton restriction, Table 13, to 77 percent ander the 5 ton re-
striction, Table 14, and to 76 percent under the 3 ton re-
striction, Table 15. The South Atlantic region accounts for
10 percent of the national soil loss under the unrestricted
alternative and is reduced to only 4 percent under the 3 ton
restriction. The Great Plains area is "offsetting" in soil
loss and accounts for less than 5 percent of the national
total under the unrestricted alternative and 11 percent undec
the 3 ton restriction. Even though the class I and Il lands
have low susceptibility to erosion, they make the largest
contribution to total erosion in all models and all regions,
except for the South Central zone under the unrestricted al-
ternative.

On a per acre basis at the national level, soil loss de-

creases from 9.9 tons under the unrestricted alternative to

4.3 tons under the 10 ton restriction, 2.8 tons under the 5



81

ton restriction and 1.9 tons under the 3 ton restriction,
Table 16. These national levels do not fall =2xactly at the
upper limit if allowed soil loss for several reasons. As the
soil loss limit is set at 5 ton for example, and enforced for
some regions, the national average is less because level
areas such as the Great Plains already have lower levels.
Also, when a soil loss limit is imposed the most economical
method of obtaining the required reduction may reduce soil
loss to a level below the restriction. The per acre soil
loss varies from 21.5 tons in the South Atlantic under the
unrestricted alternative to 1.2 tons in the Great Plains and
Northwest zones under the 3 ton restriction, Table 16. Under
the unrestricted alternative, the per acre soil loss is above
the national average in both the South Atlantic and South
Central zones. The limitations on soil loss affect the per
acre soil loss in each region to a different degree. Howev-
er, the initial restriction to 10 tons results in large de-
clines in the majority of zones as the excessively erosive
alternatives are eliminated. The reduction in the South
Atlantic region, from the unrestricted alternative to the 10
ton restriction, is 15.1 tons per acre or by 70 percent.
Other zones with large declines include the South Central
with a 9.5 ton or 63 percent decline, the North Central with
a 5.1 ton or 57 percent decline and the North Atlantic with a

4.9 ton or 53 percent decline. The other zona2s had average
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Avora-e per acrca soil loss by region for alterna-
tive soil loss restrictions in 2000

e ~1on Snil loss restriction
' unrestrictel 19 ton 5 ton 3 ton
(tons ner acro)

Hational 5.4 b.3 2.0 1.9
Jdorth Atlantic Y. i) .Y 3.5 2.3
Loutn Atlantic 21.5 G.h 3.3 2.2
tarth Ceontral G2 h.3 2.3 2.0
“ourly tentral 15.1 5.0 3.0 2,2
"reat Melns 5.2 1.7 1.5 1.2
‘arth .lest 2.3 1.7 1.7 1.2
south "'est 5.3 3.3 2.0 1,3

national
for alternative soil

Tabhle 17, S
i

by land class
n

s in 29090

averare per acre soil 1«
i 0

0s
luss restrict

Na=ion Soil loss restriction
e unrestricted 19 ton 5 ton 3 ton
(tons ner acre)

verave 9.3 h.3% 2.6 1.6
Class | % |1 3.2 L,1 2.7 1.
flass 1117% ¢

1ve 17.% 5.1 5.1 2.3
(\thf?l’ lll ."l I‘/ ls:b "4.14 2.3 1.5
Mlass =R 28,5 1.3 1.5 1.5




83

soil loss levels well below even the 10 ton limit and the de-
clines were of less than 50 percent. This low level of soil
loss for the more arid Western zones is consistent with their
low annual runoff rates. The per acre declines from the 10
ton restriction to the 5 ton restriction are consistently
less than the 50 percent reduction for the Western zones.
Their actual levels are closer to the 5 ton restriction level
than to the 10 ton restriction.

The data in Table 17 indicate the per acre soil loss by
land class under the alternative soil loss restrictions.
These data suggest the relative erosiveness of the alterna-
tive land classes and their response to the soil loss limita-
tions. The class I and II lands have the lowest per acre
rate of soil loss under the unrestricted alternative even
though, due to their large acreage, they have the greatest
loss in total tonnage. The U.S. per acre soil loss from land
class group V-VIII declines immediately, upon the implementa-
tion of a restriction on soil loss, from 28.5 tons per acre
under the unrestricted alternative to less than 2 tons per
acre. This drastic reduction in per acre soil loss, when
compared to the other land classes, indicates that if a re-
striction is imposed at the 10 ton or less level, the conser-
vation practices required to maintain use of the lands are
also consistent with a soil loss level approaching the natu-

ral rate. After land group V-VIII, the IIIE and IVE soil
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class group is the most erosive, Table 17. This is consist-
ent with the "E" subcode of their classification which indi-
cates erosion as the most serious limitation to production
under the production possibilities consistent with class III
and IV lands.

Regionally, the most erosive lands under the unrestrict-
ed model are the IIIE and IVE lands in the South Atlantic
zone with an annual average soil loss of 10.6 tons per acre,
Table 18. The more erosive class V-VIII lands in this region
are not brought into agricultural production. The next most
erosive lands are the V-VIII lands in the South Central zone
with 47.6 tons of soil loss per acre. As the restriction on
soil loss is imposed, the more erosive V-VIII lands either
drop to low levels of erosion or go out of production while
the lands in the IIIE and IVE group have soil losses nearer
the limit than any of the other lands, Tables 18, 19, 20 and
21. Reducing the soil loss restriction to 3 tons causes most
regions and soil groups to drop erosion rates to between 1
and 3 tons or to drop out of the cultivated land base.

Conservation-tillage practices are important in control-
ling the per acre soil loss. The soil ioss by these prac-
tices varies as the production shifts to the most economical
practices capable of giving the restrained level of control.
The data in Table 22 indicates that under the unrestricted

soil loss alternative, straight row tillage practices have
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Table 18. Per acre soil erosion on vultivated lands in major zones with
unlimited soil loss and average level exports in 2000 (Model A)

Land Class

Zone other
I,II IIIE-IVE III-1IV V-VII1I Average

(tons per acre)

United States 6.2 17.8 15,6 28.5 9.9
North Atlantic 7.8 18.0 0 0 9.0
South Atlantic 16.5 60.6 20.4 0 21.5
North Central 5.6 29,2 11.0 0 9.2
South Central 8.1 18.8 26,2 47.6 15.1
Great Plains 2.8 2.4 1.2 0 3.2
North West 1.5 4,0 0.8 6.9 2.3
South West 3.4 3.9 0.6 1.7 3.3

Table 19. Per acre soil erosion on cultivated lands in major zones with
10 ton maximum soil loss and average level exports in 2000
(Model B)

Land Class

Zone other
1,11 ITIE-IVE III-1IV V-VIII Average

(tons per acre)

United States 4.1 5.1 4.4 1.8 4.3
North Atlantic 4.9 5.1 2.8 0 4.9
South Atlantic 6.2 8.7 6.1 0 6.4
North Central 4,2 5.6 4,2 0 4.3
South Central 4,8 5.4 6.4 2.1 5.6
Great Plains 2,3 3.3 1.2 0 1.7
North West 1.5 2.6 0.8 2.5 1.7
South West 3.4 3.9 0.6 1.7 3.3
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Table 20. Per acre soil erosion on cultivated lands in major zones with
5 ton maximum soil loss and average level exports in 2000

(Model C)

Land Class

Zone other
1,11 ITIIE-IVE II1-1IV V-VIII1 Total

(tons per acre)

United States 2,7 3.1 2.8 1.5 2.8
North Atlantic 3.5 4.4 2,5 0 3.5
South Atlantic 3.3 3.7 3.4 0 3.3
North Central 2.7 3.4 2,6 0 2.8
South Central 3.2 4.0 4,2 1,2 3.6
Great Plains 1.5 1.8 0.5 0 1.5
North West 1.6 2.1 0.9 2.1 1.7
South West 2.3 2.0 0.7 1.7 2.6

Table 21. Per acre soil erosion on cultivated lands in major zones with
3 ton maximum soil loss and average level exports in 2000
(Model D)

Land Class

Zone other
I,11 I1IIE-IVE III-1IV V-VIII Total

(tons per acre)

United States 1.9 2,0 1.5 1.5 1.9
North Arlantic 2.0 1.7 2,2 0 2.0
South Atlantic 2.2 2.5 2.1 0 2,2
North Central 2,0 2,3 1.7 0 2,0
South Central 2,1 2.4 2,2 1.3 2.2
Great Plains 1.3 1.3 0.7 0 1.2
North West 1.4 1.3 0.8 0.7 1.2
South West 1.4 2,2 0.6 1.6 1.6
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Table 22. Per acre soil loss by conservation-tiltage
practice for alternative soil loss restrictions
in 2600

Conservation Soll lnss restriction
tillage unrestricted 10 ton 5 ton 3 ton

(tons per acre)

Conventional tillage

straight row 10.9 3.4 2.5 1.4
contnured 0.8 4,8 3.1 2.1
strip cropped or

terraced 0.3 5.7 3.3 2.0

Reduced tillage

straight row 5.3 b,7 2.7 1.9
contoured 0.0 5.6 3.7 2.4
strin cropped or

terraced 0.0 7.4 2.9 2.5

Table 23. Hatlional production of row crops, close=grown
crops, rotation roughage crops and permanent
rouzhage crops under alternative soil restriction
levels in 2000

Soll loss restriction

Land use unrestricted 1) ton 5 ton 3 ton
(000 acres)

Acres cultivated 269113 261564 258882 258058
row crops 148226 141415 136035 134440
close=-grown crops 75535 74309 73478 728153
rotation roughage

crops 45352 45840 49369 50805

Permanent roughasge

crops 339360 341764 346640 351207
Summer fallow and
exogenous crops 9306 su71 7788 8801

Total agricultural
lands 617779 611799 613310 618066
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the highest soil losses while the conservation practices have
insiénificant soil losses, Tables 18, 19, 20 and 21. Only
the less-erosive lands, continue to be farmed under straight
row practices. The erosive lands incorporate the conserva-
tion practices and reduce average soil loss including level
lands under straight row methods. The soil loss control
methods result in per acre soil losses on erosive soils which
are nearer the associated restriction level than for nonero-
sive lands still farmed under straight row techniques, Table
22.

An upper limit imposed on per acre soil loss can be used
as a mechanism to reduce total soil loss by region and by
land groups. The changes vary by region with the South Cen-
tral, South Atlantic and North Central zones showing the
largest reduction in soil loss especially on the more erosive
land groups. Thus, given a societal welfare function
desiring a lower soil loss, a position can be chosenr along
the continuum of soil 1loss possibilities which is capable of
reducing the levels of sheet and rill erosion from cultivated
lands. The location and method of production are affected by
the soil loss restriction level imposed and are considered in

the following section.
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duction_patterns

As upper limits on allowable soil loss are reduced, sonme
shifts in land use and cropping patterns must occur as land
is shifted fo less erosive rotations and highly erosive lands
are shifted from the cropland base. For the purposes of com-
paring the cropping patterns and land use, th2 endogenously
allocated crops are categorized into three groups. The row
crops category represents corn, sorghum, cotton, soybeans and
sugar beets; the close-grown crops category represents
barley, oats and wheat; and the roughage or sod crops catego-
ry includes the hay crops grown on cultivated lands. As the
cropping patterns change an adjustment in livestock rations
also occurs and provides for additional flexibility in the
agricultural sector.

The national levels of production for each of the crop
categories and permanent pasture are given in Table 23. The
total acres cultivated declines as the level of allowable
soil loss is reduced. The agricultural sector utilized 269
million acres of cultivated cropland and 339 million acres of
permanent hay or pasture land to meet the preletermined de-
mands with no soil loss restriction. As the soil loss re-
striction becomes more severe, the cultivated acreage de-
clines and the acres of permanent hay and pasture increase.

The initial restriction to 10 tons per acre reduces the total
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cultivated land base by 6 million acres. As the soil loss
restriction level is reduced more, the permanent roughage
crops are utilized, offsetting the declining cultivated land
base such that at the 3 ton restriction level the agricultur-
al sector is utilizing approximately the same total acreage
as under the unrestricted soil loss alternative.

Rov crops are located om 55 percent of all cultivated
land under the unrestricted alternative and declime to 52
percent of all cultivated lands under the 3 ton restriction.
The relative decline by row crops in proportion of all
cultivated Crops is offset by a proportionate increase in ro-
tation roughage crops. But, not all of the production lost
from the reduced acreage is replaced by the roughage crops.

The data in Table 24 indicate the acres of cultivated
land by conservation-tillage practice. The unrestricted al-
ternative allocates 87 percent of the cultivated lands to
conventional tillage-straight row farming methods. This per-
centage declines to 63 under the 10 ton restriction, to 50
under the 5 ton restriction, and to 36 under the 3 ton re-
striction. The lands which are no longer under the conven-
tional tillage-straight rov method switch to the contouring,
strip cropping and terracing alternatives of the conventional
tillage method and also to the alternatives within the
reduced tillage method. All production alternatives within

reduced tillage increase by only 54 million acres compared to
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the non-straight row options of conventionmal tillage which

increase by 74 million acres, Table 25.

Table 24, Acreages of cultivated land by conservation-tillage practices
for alternative soil loss restrictions in 2000

Conservation Soil loss restriction

tillage unrestricted 10 ton 5 ton 3 ton

(000 acres)

Conventional tillage 247894 217319 201238 182585
straight row 233475 165305 129120 93828
contoured 11254 32553 37116 44986
strip cropped 3165 19461 35002 43761

Reduced tillage 21219 44245 57644 75573
straight row 21219 27092 24822 32281
contoured 0 13830 18902 19955
strip cropped 0 3323 13920 23337

Regionally, the change in acreage under zonventional
tillage and reduced tillage does not follow a set pattern baut
varies with the level of runoff in the particular area. The
North Atlantic, Great Plains, North West and South West zones
have almost an equal distribution of lands cultivated under
both tillage alternatives for all levels of soil loss re-
striction, Tables 25, 26, 27 and 28. Also the distribution
among the conservation practices and land classes is not
identical for all zones under all soil loss restriction
levels. In each region conventional-tillage switches to the

contouring and strip cropping-terracing alternatives, but to
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Table 25, Accreages under coaservation practices in major
zones with unlimited soil loss and ?9-71
average exports in 2000 (Model A =

__Conventional tillage_ ____ Reduced _tillage_ __
Zone and str. Contour S. crop Str. Zontour S. crop
soil class rov only terrace row only tarrace

(000 acres)

United States 233475 11254 3165 21219 0 0
I,II 145433 11039 2989 17318 d 0
ITLE,IVE 57404 0 175 2774 0 0
Other III,IV 30155 216 0 1128 0 0
V-VIII 484 0 0 0 0 0

North Atlantic 4074 0 0 1010 0 0
I,I1 3510 0 0 9717 0 0
ITIE,IVE 565 0 0 33 0 0
Other III,IV 0 0 0 0 0 0
V-VIII 0 0 0 0 0 0

South Atlantic 12548 0 0 0 0 0
I,II 10172 0 0 0 0 0
ITIE,IVE 1330 0 0 0 0 0
Other III,IV 1047 0 0 0 0 0
V-VIII 0 0 0 0 0 0

North Central 88210 10431 0 19260 0 0
I,II 67700 10431 0 15515 0 0
ITIE,IVE 13703 0 0 2707 0 0
Other III,IV 6807 0 0 1039 0 0
V-VIII 0 0 0 0 0 0

South Central 71261 0 0 550 0 0
I,II 34757 0 0 427 0 0
IIIE,IVE 21961 0 0 34 0 0
Oother III,IV 14264 0 0 89 0 0
V-VIII 280 0 0 0 ] 0

Great Plains 33633 527 3165 399 0 0
I,1I 18856 527 2989 399 0 0
IIIE,IVE 10647 0 175 0 0 0
Other III,IV 4130 0 0 0 0 0
V-VIII 0 0 0 0 0 0

North West 11166 296 0 0 0 0
I,II 4172 80 0 0 0 0
ITIE,IVE 4426 0 0 0 0 0
Oother III,IV 2543 216 0 0 0 0
V-VIII 26 0 0 0 0 0

South West 12581 0 0 0 0 0
I,I1I 6267 0 0 0 0 0
IIIE,IVE 4772 0 0 0 0 0
Other III,IV 1364 0 0 0 0 0
V-VIII 178 0 0 0 ] 0

E/For all cultivated crops including rotation hay.
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Table 26, Acreages under conservation practices in major
zones with 10 ton maximum soil loss and 69-71
average exports in 2000 (Model B )&/

--cenventional tillage ____Reduced tillage __
Zone and Str. Contour S. crop Str. Contour S. crop
soil class Cow only terrace row only tarrace

(000 acres)

United States 165305 32553 19461 27092 13830 3323
I,II 111950 22182 8339 22091 11344 22
IIIE, IV® 36591 3862 8324 3677 326 1239
Other III,IV 16527 6509 2799 1325 1560 2012
V-VIII 237 0 0 0 0 0

North Atlantic 2564 133 644 1208 0 16
I,II 2485 133 644 1195 0 0
ITIE, IVE 14 0 0 0 0 16
Othsr III,IV 65 0 0 14 0 0
V-VIII 0 0 0 0 0 0

South Atlantic 4696 1802 4343 191 0 0
I,IT 4567 1148 36595 191 0 0
IIIE,IVE 73 475 0 0 0 0
Other III,TIV 51 178 688 0 ! 0
V-VIII 0] 0 0 0 0 0

North Central 61984 13222 3519 22209 132717 1147
I,11 51773 12751 0 18255 10977 0
IIIE,IVE 5970 0 3519 2916 740 1049
Other III,IV 4241 471 0 1039 1560 94
V-VIII 0 0 0 0 ] {0

South Central 41139 14247 8227 2875 553 2159
I,II 24886 5901 2057 1868 EXY:) l
ITIIE,IVE 11876 2702 4059 761 186 223
Other III,IV 4334 5644 2110 246 0 1914
V-VIII 43 0 0 0 0 0

Great Plains 31194 2853 2728 609 0 0
I,II 17801 2168 1983 582 0 0
ITIIE,IVE 9470 684 745 0 0 0
Ot her III,IV 3923 0 0 26 0 0
V-VIII 0 0 0 0 0 0

North West 11163 296 0 0 0 0
I,I1 4173 80 0 0 0 0
IIIE, IVE 4426 0 0 0 0 0
Other III,IV 2549 216 0 0 0 0
V-VIII 16 0 0 0 0 0

South West 12565 0 0 0 0 0
I,II 6265 0 0 0 0 0
IIIE,IVE 4758 0 0 0 0 0
Other III,IV 1364 0 0 0 0 0
V-VIII 178 0 0 0 0 0

a/por all cultivated crops including rotation hay.



94

Table 27, Acreages under conservation practices in major
zones with 5 ton maximum soil lossa9nd 69-71
average exports in 2000 (Model T )=

__Conventional tillage ____Reduced tillage_ __
Zone and Str. Contour S. crop Str. Contour S. crop
soil class rowv only terrace row only terrace

(000 acres)
United States 129120 37116 35002 24822 18902 13920

I,1I 84u78 27873 17769 19998 15962 9279
ITIE,IVE 215717 8450 5681 36u8 2851 3073
Other III,IV 16836 793 11552 1176 89 1568
V-VIII 228 0 0 0 0 0
North Atlantic 2489 1370 2516 38 267 3
1,11 2066 1365 2043 24 267 0
IIIE,IVE 66 5 473 0 0 0
Other III,IV 358 0 0 14 0 8
V-VIII 0 0 0 0 J 0
South Atlantic 3261 2845 2583 448 200 918
I, IT 2964 2552 1615 367 200 918
ITIE,IVE - 246 0 479% 0 0 0
Other III,IV 51 294 493 80 0 0
V-VIII 0 0 0 0 0 0
North Central 45299 16415 47494 21373 14650 11859
1,11 36713 16266 3860 17136 12373 7680
IIIE,IVE 4883 149 0 3155 221717 2618
Other IIIL,IV 3703 0 884 1082 0 1560
V-VIII 0 0 0 0 0 0
South Central 27447 11998 20068 1709 3785 1135
I,II 17510 5492 7042 1220 3122 680
ITIIE,IVE 5894 6007 2932 489 574 455
Other I1X,1V 3926 499 10094 0 89 0
V-VIII 117 0 0 0 0 0
Great Plains 27330 27157 4025 1255 0 0
1,11 14787 2184 3209 1251 0 0
IITE,IVE 8673 573 735 4 0 0
Ot her III,IV 3869 0 82 0 0 0
V-VIII 0 0 0 0 0 0
North West 9028 1509 1066 0 0 0
I,I1 4189 0 0 0 0 0
ITIE,IVE 2642 1509 1066 0 0 0
Other III,IV 2178 0 0 0 0 0
V-VIII 19 0 0 0 0 0
South West 14266 221 0 0 0 0
I, II 6249 13 0 0 0 0
IIIE,IVE 5173 207 0 0 ) 0
Other III,IV 2752 0 0 0 0 0
V-VIII 93 0 0 0 0 0

a/For all cultivated crops including rotation hay.
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Acreages under conservation practices in major

zones with 3 ton maximum soil loss
average exports in 2000 (Model D )=

a/and 69-71

Zone and
soil class

Str.

only

Contour S.

Str.
row

crop
terrace

only

Contour S.

crop
terrace

—— . wn Y = D R D VS e e WP SV D WA SR WD T G A YU e GD G R W R TS TGS WD GE S G WD TP G S MR G TR GRS W D DGR R S e S G Y e

United States
I,II
ITIE,IVE
Other III,IV
V-VIII

North Atlantic
I,II
ITIE,IVE
Other IIIL, IV
V-VIII

South Atlantic
I,TII
ITIFE,IVE
Other III,IV
V-VIII

North Central
I,II
I1IE,IVE
Other ITI,IV
V-VIII

South Central
I, Ir
IIIE,IVE
Other III,IV
V-VIII

Great Plains
I,IT
ITIF,IVE
Other III,IV
V-VIII

North West
I,II
IIIE,IVE
Other III,IV
V-VIII

South West
I,II
ITIE,IVE
Other III,IV
V-VIII

93838
62184
19735
11720
199
2021
1904
40

78

0
1746
1610
72

64

0
32559
27092
3380
2087
0
12277
9482
1787
972
36
28413
15003
9010
4400
0
10952
4178
3997
2765
12
5869
2915
1449
1355
151

44986
30709
10407

3866

441
401

uo0

1533
1482

51

17103
14195
2575
332

18183
9961
4992
3227

1498
1368

712

(000 acres)

43761 32281
28647 23994
12865 6763
2249 1523
0 0
1673 14
1673 14
0 0

0 0

0 0
2939 1271
2u82 1271
198 0
259 0

0 0
9227 26880
7201 20554
1065 4805
961 1521

0 0
17729 2791
9216 1164
7804 1627
709 0

0 0
11569 706
8074 703
3175 0
320 3

0 0

624 0

0 0

624 0

0 0

0 0

0 618

0 287

0 331

0 0

0 0

19955
129717
4480

2498

92
79

14

693
691
2

0

0
14973
9658
2843
2473
0
3998
2351
1635
12

19
19

QOOCOO0ODDOOCOOCCOOOCVUWO

233137
19265
940
3132

1196
1196

Jun
244

100

19184
16388
837
1959

2613
1437

103
1074

COO0COCOOOOO0COCOOOCOoCO

E-/P‘ox: all cultivated crops

including rotation hay.
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varying degrees depending on the erosive characteristics of
the land in the region. The South Central anl South Atlantic
zones have a shift to reduced tillage and alsd experience a
decline in the total acreage used under any type of cultiva-
tion. The South Atlantic has over 12 million acres of
cropped land under the anrestrictel soil loss alternative but
only 8.5 million acres under the 3 ton restriction. Acreage
cultivated in the South Central region also declines to 57.5
million acres under the 3 ton restriction. The North Central
zone has a major shift in production pattern and acreage
under reduced tillage increases from 19 million acres tdo over
61 million acres, a change almost directly offsetting the de-
cline in the conventional tillage practices.,

The data in Tables 25, 26, 27 and 28 als> indicate the
impact of soil restrictions on alternative land groups.
shifts in farming practices on the more erosive lands are
relatively large. In most regions, especially high rainfall
areas, little land is farmed under conventional tillage-
straight rovw relative to the concentrations indicated with
the unrestricted alternatives. Nationally, 42 percent of the
cultivated acres which were originally in conventional
tillage-straight rov usage continue to be farmed under this
nethod under the 3 ton soil loss alternative. This compares
to 34 percent for the IIIE and IVE land group, 39 percent for

the other III and IV group and 41 percent for the V-VIII
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lands. The V-VIII lands under conventional tillage-straight
row are concentrated in the South West and shifts in tillage
practices on these lands occurs in the other zones but the
acreages are small and the South West zone dominates the

total acreage in this land group.

Associated with shifts in conservation-tillage method
are (a) shifts among regions of the production base, (b)
shifts between the land classes, and (c) possible shifts
among irrigated and rainfed agriculture. As the soil loss
restriction is reduced, a reduction occurs in acreajges of
both row crop and close-grown crops. AR increase occurs in
both cultivated and permanent roughage crops, Table 23. As
indicated in the section comparing the unrestricted model to>
1967 production patterns, there is a shift in production to
the North Central and South Central zones. The data in
Tables 9, 29, 30 and 31 indicate the regional dryland produc-
tion patterns and the relative use of the alternative land
groups by regions.

Row crop production concentrates in the North Central
Zzone under all alternatives with only a 2 million acre reduz-
tion between the unrestricted alternative and the 3 ton re-
striction. The zone experiencing the largest shift in row
crop production is the South Central. 1Its row crop acreage

declines from 27.5 million acres under no soil loss restric-
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Table 29. pryland acreages in major zones with 10 ton
maximum soil loss and 69-71 average 2xports in
2000 (mModel B)

Zone and Close All / b/
soil class Row grown hay2/ Pasture Other=' Total

(000 acres)
nited States 132636 68911 67289 304614 6852 580302

I,II 101795 38804 27989 0 2021 170609
ITIE,TVE 15890 20701 16217 0 1388 54696
Other III,IV 14734 9227 6016 0 2702 32679
V-VITI 217 179 159 0 241 796
North Atlantic 3661 1225 1608 6888 295 13677
I,II 3286 1191 499 0 137 5113
ITIE,IVE 119 20 5 0 81 225
Other III,IV 241 11 0 0 us 297
V-VIII 15 3 0 0 32 50
South Atlantic 9647 2729 2006 236132 1605 39619
I,II 7516 2240 1218 0 229 11203
ITIE,IVE 636 123 47 0 70 876
Other III, IV 1411 363 0 0 1166 2940
V-VIII 84 3 0 0 140 227
North Central 87831 19117 17608 30304 215 155075
I,1I 73086 16271 6746 0 70 96173
ITIE,IVE 7391 2244 usa2 0 54 14531
Other III,IV 7328 584 112 0 70 8094
V-VIII 26 18 0 0 21 65
South Cantral 255323 19601 27248 111368 827 184547
I,IT 14050 8806 11848 0 251 34955
IITE,IVF 6143 6153 7498 0 221 20015
Other IIL,TIV 5287 4593 4ssu 0 in 15095
V-VIII 23 49 0 0 24 96
Great Plains 3937 15370 14310 41477 3536 78630
I,II 2968 6898 6523 0 1242 17631
ITIE,IVE 781 6236 2310 0 1342 10669
Other III,IV 161 2179 8y 0 952 3376
V-VIII 27 57 0 0 0 84
North West 335 6230 2994 24652 319 34530
I, I 717 1334 905 0 17 2393
IIIE, IVE 37 3424 499 0 97 4057
Other III,IV 207 1460 831 0 131 2629
V-VIII 14 12 16 0 14 56
South West 1722 4639 1515 66293 55 74224
I,II 812 2064 250 0 15 3141
ITIE, IVE 783 2501 1016 0 23 4323
Other III,IV 99 37 105 0 7 2u8
V-VIII 28 37 143 0 10 218

E/Including other hay and cropland pasture.
b/summer fallow lands and orchards and vinayards.
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Table 30, Dryland acreages in major zones with 5 ton
maximum so>il loss and 69-71 average exports in
2000 (Model C)

Zone and Close All
soil class Row grown hayﬁl Pasture other2/ Total

(000 acres)
United States 128505 66732 72508 310699 6169 584613

I, II 100214 37178 31453 0 1601 170446
ITIE,IVE 14076 20292 15322 0 1733 51423
Other IIIL,IV 13998 9070 8367 0 2594 34029
V-VIII 217 192 142 0 241 792
North Atlantic 4318 2491 2043 7098 295 16245
I, II 3745 1975 564 0 137 6421
IIIE,IVE 125 502 30 0 81 738
Other III,IV 433 11 109 0 45 598
V-VIII 15 3 0 0 32 50
South Atlantic 10065 870 2686 25222 1605 4ouus
I,1I 1712 552 1764 0 229 10257
ITIE,IVE 687 123 165 0 70 1045
Other III,IV 1582 192 0 0 1166 2940
V-VIII 84 3 0 0 140 227
North Central 84706 18756 19965 33820 215 157462
I,II 70689 15854 9833 0 70 96446
ITIE,IVE 7250 1979 4139 0 54 13422
Other III,IV 6741 905 190 0 70 7906
V-VIII 26 18 0 0 21 65
South Central 23116 18773 27360 108031 637 177917
I,II 15119 8582 10690 0 206 34597
ITIE,IVE U497 5487 6581 0 716 16641
Other III,IV 3477 4629 7019 0 33 15456
V-VIII 23 75 52 0 24 174
Great Plains 2708 14077 15495 41488 3043 76811
I,II 2431 6485 6988 0 807 16711
ITIE,IVE 178 5239 2864 0 1284 9565
Other III,IV 72 2296 132 0 152 3us52
V-VIII 27 57 0 0 0 84
North West 418 6285 3207 27687 319 37916
I,II 160 1035 1058 0 137 2390
IIIE,IVE 37 4234 527 0 145 49u3
Other III,IV 207 1000 812 0 23 2042
V-VIII 14 16 16 0 14 60
South West 3174 5480 1752 67353 55 77814
I,II 358 2695 556 0 15 3624
IIXE,IVE 1302 2728 1016 0 23 5069
Other III,IV 1486 37 105 0 7 1635
V-VIII 28 20 T4 0 10 132

E/Including other hay and cropland pasture.
2/sunmer fallow lands and orchards and vineyards.
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Table 31, Dryland acreages in major zones with 3 ton
maxipum soil loss and 69-71 average exports in
2000 (Model D)
Zone and Close All / b/
soil class Row grown hayﬂ pasture Other=' Total
(000 acres)
United States 127925 66828 72858 313854 7182 588647

I,II 102086 36623 33732 0 1795 174236
IIIE, IVE 11792 22163 18800 0 2044 55199
Other IITI,IV 13830 7864 2523 0 2702 26919
V-VIII 217 178 130 0 241 766
North Atlantic 3359 2089 2247 8315 295 16305
I1,1I 2937 2050 799 0 137 5923
IILE, IVE 113 25 16 0 81 235
Other ILI,IV 294 11 0 0 45 350
V-VITI 15 3 0 0 32 50
South Atlantic 8549 736 2913 25615 1605 39418
I,II 6944 469 1780 0 229 9422
IIIE,IVE 353 123 50 0 70 596
other III,IV 1168 141 21 0 1166 2496
V-VIII 84 3 0 0 140 227
North Central 88372 17652 23232 35810 215 165281
I,II 74427 12870 10311 0 70 97678
IIIE,IVE 5637 3355 6798 0 54 15844
other III,IV 8282 1409 249 0 70 10010
V-VITIL 26 18 0 0 21 65
South Central 19196 19241 23017 105322 861 167637
I,II 11762 9780 12066 0 285 33893
IIIE,IVE 3771 7113 7160 0 221 18265
Other III,IV 3640 2299 674 0 3131 6944
V-VIII 23 49 0 0 24 96
Great Plains 4866 16720 16901 45113 3520 87120
I,II yuu2 77841 7277 0 982 20442
IIIE, IVE 230 6425 3637 0 1586 11878
Other III,IV 167 2497 594 0 952 4210
V-VIII 27 57 0 0 0 84
North West 381 6419 3200 26826 531 37417
I,II 83 1321 911 0 77 2392
IIIE, IVE 37 3612 606 0 409 4664
Oother III,IV 207 1470 880 0 131 2688
V-VIII 14 16 9 0 1 53
South West 3242 3971 1348 66853 55 75469
I,II 1491 2392 588 0 15 4486
IIIE,IVE 1651 1510 533 0 23 3717
other III,IV 72 37 105 0 7 221
V-VIII 28 32 121 0 10 191

E?ncluding other hay and cropland pasture.
b/suymmer fallow lands and orchards and vineyards.
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tion, to 25.5 million acres under the 10 ton restriction, to
23.1 million acres under the 5 ton restriction and to 19.2
million acres under the 3 ton restriction. The South
Atlantic zone also experiences a decline in row crop acreage
but the reduction is only 2 million acres over the range of
the soil loss restrictions. To partially compensate for the
reduced acreages in the South Central and South Atlantic
zones, the Great Plains and South West zones have increased
row crop production. The increase in row crops in the Great
Plains is associated with an increase in total acreage
cultivated since hay also increases in acreaga. This is not
the case in the South West where the increase of 1.6 million
acres of row crops between the unrestricted and 3 ton re-
striction alternatives is accompanied by a reduction of 0.8
million acres in close-grown crops and 0.3 million acres of
hayland.

In most zones the proportion of dryland row crops grown
on classes I and II increases even though total crop acreage
declines. The acreage of row crops on class V-VIII lands is
almost negligible in all zones and changes do not occur. The
acreage on the LIILE and IVE lands declines 47 percent
nationally and the change in the production on this land
group by zone is: -48 percent inm the North Atlantic, -70 pecr-
cent in the South Atlantic, =50 percent in th2 North Central,

-53 percent in the South Central, -70 percent in the Great
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Plains, no change in the North West and +110 percent in the

South West where just over 1 million acres of this land group
are shifted from close-grown crops to row crop production.
Shifts in the use of the other III and IV land group are in
the form of increased row crops except the South Central zone
which has a reduction of 34 percent (1.8 million acres) in
dryland row crops on this land group as the soil loss re-
striction is reduced to the 3 ton level, Tables 9 and 31.

The national production of close-~grown crops on dryland
declines as the soil loss restriction level is reduced but
the total production change is not as great as for row crops.
(Close-grown crop acreage under the 3 ton restriction is 96
percent of the unrestricted acreage, compared to 90 percent
for row crops.) There is little change in the percentage of
the close-grown crops in classes I and II lanis as the soil
loss restriction is reduced. Under all alternatives the na-
tional distribution has between 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 class I and II lands under the 3 ton restriction,
Table 31, varies as follows; the North Atlantic with 58 per-
cent, the South Atlantic with 64 percent, the North Central
with 73 percent, the South Central with 51 percent, the Great
Plains with 46 percent, the North West with 71 percent and

the South West with 60 percent. The zones with the lower
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susceptibility to erosion (the Great Plains and North West)
have the lowest proportion of the close-grown Crops on the
less erosive lands since their production patterns are more
influenced by yield related factors in the ro¥ crop close-
grovwn crop trade-off than by erosion control factors.
Irrigated acreage of row crops declines as the soil loss
restriction level is reduced. The unrestricted alternative
has 9.2 million acres of irrigated row crops, Table 10, and
this declines to 8.8 million acres under the 10 ton restric-
tion, Table 32, to 7.5 million acres under the 5 ton restric-
tion, Table 33, and to 6.5 million acres under the 3 ton re-
striction, Table 34. Irrigated close-grown crops increase
about 1.4 million acres under the 5 ton restriction from 5.3
million acres utilized under the less restrictive models.
The irrigated acreage of close-grown crops declines to 6.0
pmillion acres under a 3 ton restriction. Irrigated hay
remains near the 12 million acre level for all alternative
soil loss restrictions. Total acres irrigated vary only
slightly from the 31 million acres under the unrestricted al-
ternative, reaching a lowv of 28.7 million acres under the 5

ton restriction.

The South Central and South West regions experience de-
clines in total irrigated acreage as the soil restriction is
reduced, Tables 11, 32, 33 and 34; with most of the shifts

being in the class I and II land group where the national de-
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Table 32, Irrigated acreages in major zones with 10 ton

maximum soil loss and 69-71 average exports in
2000 (Model B)

Zone and Close Alla/ b/
soil class Row grown hay=' Pasture Other=" Total
(000 acres)

United States 8779 5398 12780 2921 1619 31497
I,II 6787 2219 5400 0 948 15354
IIIE,IVE 1003 878 674 0 205 2760
Other III,IV 966 2297 610 0 444 4317
V-VIIL 23 4 2 0 22 51

North Atlantic 0 0 0 0 0 0
I,II 0 0 0 0 0 0
IIIE,IVE 0 0 0 0 0 0
Other III,IV 0 0 0 0 0 0
V-VIII 0 0 0 0 0 0

South Atlantic 0 0 0 0 0 0
I,IIX 0 0 0 0 0 0
IIIE,IVE 0 0 0 0 0 0
Other III,IV 0 0 0 0 0 0
V-VIII 0 0 0 0 0 0

North Central 12 0 4ye 0 0 458
I,II 12 0 336 0 0 348
IIIE,IVE 0 0 1 0 0 1
Other III,IV 0 0 109 0 0 109
V-VIII 0 0 0 0 0 0

South Central 898 968 400 0 92 2358
I,IT 724 584 256 0 91 1655
ITIE,IVE 70 92 119 0 1 282
Other III,IV 104 289 S 0 0 398
V-VIII 0 3 2 0 0 5

Great Plains 3080 1179 7075 472 8 11814
I,1I 2471 636 2600 0 3 5710
IIIE,IVE 285 375 190 0 3 853
Other III. IV 318 168 380 0 2 868
V-VIII 6 0 0 0 0 6

North West 1399 1532 2637 2381 701 8650
I,1I 918 615 1138 0 450 3121
ITIE,IVE 149 318 349 0 100 916
Other III,IV 319 598 103 0 140 1160
V-VIIIX 13 1 0 0 1 25

South West 3390 1719 2222 68 318 82117
I,II 2662 384 1070 0 404 4520
IIIE,IVE 499 93 15 0 101 7C8
other III,IV 225 1242 13 0 302 1782
V-VIIIX 4 0 0 0 " 15
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%’Including other hay and cropland pasture.
b/Synmer fallow lands and orchards and vinayards.
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Table 33, Irrigated acreages in major zones with 5 ton
maximum soil loss and 69-71 averag2 exports in
2000 (Model C)

Zone and Close All

soil class Row grown hayﬂ/ Pasture Other2/ Total

- . A - S D P . —— - . e WP . D mp D Gm R P S W SR e U G G e G ED SR GD ML WP GP GO N D R WD WP WD M W U WD e U e B8 s e w wm =

(000 acres)

United States 7530 6746 12094 708 1619 28697
I,II 5971 3294 4735 0 948 14948
- ITIE,IVE 606 1223 608 0 205 2642
Other III,IV 930 2227 647 0 444 4248
V-VIII 23 2 0 0 22 47
North Atlantic 0 0 0 0 0 0
I,II 0 0 0 0 0 0
IITE,IVE 0 0 0 0 0 0
Other IXII,IV 0 0 0 0 0 0
V-VIII 0 0 0 0 0 0
South Atlantic 0 0 0 0 0 0
I,II 0 0 0 0 0 0
IITE, IVE 0 0 0 0 0 0
Other III,IV 0 0 0 0 0 0
V-VIII 0 0 0 0 0 0
North Central 8 0 456 0 0 464
I,I1I 8 0 340 0 0 348
IIIE,IVE 0 0 0 0 0 0
Other III,IV 0 0 116 0 0 116
V-VIII 0 0 0 0 0 0
South Central 1189 947 362 0 92 2590
I,II 1038 588 260 0 91 1977
IIIE,IVE 47 69 79 0 1 196
Other III,IV 104 289 5 0 0 398
V-VIII 0 1 0 0 0 1
Great Plains 2885 1433 6948 511 8 11785
I,II 2301 822 2400, 0 3 5526
IIIE,IVE 336 4u8 254 0 3 1041
Other III,1V 242 163 385 0 2 792
V-VIII 6 0 0 0 0 6
North West 1563 1466 2391 146 701 6267
I,II 1038 628 545 0 450 3061
ITIE,IVE 153 3048 260 0 100 821
Other III,IV 359 529 132 0 140 1160
V-VIII 13 1 0 0 1 25
South West 1885 2900 1937 51 . 818 7991
I,IT 1586 1256 790 0 404 4036
IITE,IVE 70 398 15 0 101 584
Other IIIL,1V 225 1246 9 0 302 1782
V-VIII 4 0 0 0 11 15

- - . e — L m MR M S G e o e A - = S M T S S S M e Ne R AS R R N W e e e N I TR MR AR e N W A e R e T G A e e S

2/1ncluding other hay and cropland pasture.
b/summar fallow lands and orchards and vineyards.
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Table 34, Irrigated acreages in major zones with 3 ton
maximum soil loss and 69-71 average exports in
2000 (Model D)

Zon2 and Close All

soil class Row grown hayﬂ/ pasture Other®/ Total
(000 acres)

United States 6515 5985 12716 2584 1619 29419
1,11 5056 2460 5108 0 9ys8 13572
IIIE,IVE 582 1241 751 0 205 2779
Other III,IV B854 2282 757 0 44y 4337
V-VIII 23 2 0 0 22 47

North Atlantic 0 0 0 0 0 0
1,11 0 0 0 0 0 0
TTTE,TVE 0 0 0 0 0 0
Other III,IV 0 0 0 0 0 0
V-VTII 0 0 0 0 0 0

South Atlantic 0 0 0 0 0 0
I,11 0 0 0 0 0 0
I1IE,IVE 0 0 0 0 0 )
Other III,1V 0 0 0 0 0 0
V-VIIT 0 0 0 0 0 0

North Central 0 0 291 0 J 291
I,11 0 0 175 0 0 175
ITTE, IVE 0 0 0 0 0 0
Other TII,IV 0 0 116 0 0 116
V-VIIT 0 0 0 0 0 0

South Central 687 64y 287 0 92 1710
1,11 622 309 200 0 91 1222
ITIIE,IVE 57 47 617 0 1 172
Other TII,TV 8 287 2 0 ] 297
V-VI1TY 0 1 0 0 0 1

Great Plains 2038 1572 7874 466 8 11958
1,11 1487 959 3263 0 3 5712
ITIE,TVE 303 419 331 0 3 1056
Other III,IV 242 194 3170 0 2 808
V-VIIT 6 0 0 0 0 6

North Waest 1470 1487 2785 2046 701 8490
1,11 902 636 1139 0 4597 3127
I11E,IVE 176 312 333 0 10 921
Other T11I,1IV 379 5318 260 0 140 1317
V-VIII 13 1 0 0 11 25

South West 2320 2282 1478 72 818 6970
I,1I1 2045 556 331 0 404 3336
IITR,IVE 46 463 20 0 101 630
Ot her III, IV 225 1263 9 0 302 1799
V-VIII 4 0 0 0 11 15

a/1ncluiing other hay and cropland pasture.
b/summer fallow lands and orchards and vineyards.
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cline is 1.3 million acres. In the South Central region most
of the decline in irrigated acres occurs in row crops on the
more erosive lands. There is also a reduction of 0.2 million
acres in close-grown crops. The South West has reductions of
1.0 million acres in irrigated row crops and 0.8 million
acres of irrigated hay which is partially offset by an in-
crease of 0.5 million acres of close-grown crops. The irrig-
ated land in the IIIE and IVE land group switches from the
production of row crops to the production of the less erosive
close~-grown crops.

Prod

ction_shifts by land classes

shifts in production patterms vary by crop type. The
percent of the more erosive crops on the less erosive class I
and II lands increases from 66.1 under the unrestricted soil
loss alternative to 67.7 percent under the 10 ton restric-
tion, to 68.2 percent under the 5 ton restriction and to 69.5
percent under the 3 ton restriction, Table 35. The shift to
the less erosive lands for the individual crops is consistent
vith the relative susceptibility of the crops to erosion.
The data in Table 35 indicates the percent of the acres of
each crop which falls on the the class I and II lands for the
alternative restriction levels. The more erosive créps such
as cotton, soybeans and the silages undergo a large shift to
the class I and II lands while the less erosive crops such as

barley, vwheat and nonlegume hay have a reduction in the per-
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centage of their acres which are on the class I and II lands.
The increase in the percentage of legume hay and oats on
class I and II lands resulted as the rotations selected to
adjust the soil loss limits for the more erosive crops fa-
vored the use of legume hay over the noanlegume hay due to the
inclusion of the nitrogen carryover effect of the legume hay.
The decline in the percentage of corn on the class I and II
lands results from the larger acreage and the increase in
acreage dividing equally on both land groups. Also, corn is
less erosive than soybeans and cotton, and in those areas
vhere they are competitive crops, corn shifts to allow pro-

duction of soybeans and cotton on less erosive soils.

Table 35. Percent of the acreage of speciflc crops falling
In land classes | and |l for alternate levels of
allowable soll loss in 2000

Soll loss restriction

Crop unrestricted 10 ton 5 ton 3 ton
Barley 52.1 53.8 k3.3 50.4
Corn 84.9 85.7 83.1 83.6
Corn silage 83.2 95.5 95.6 95.6
Cotton 57.6 6l.1 77.0 80.4
Legume hay 6L4.1 59.8 59.3 68.
Nonlegume hay 56.5 55.9 58.6 52.9
Oats 68.3 65.7 66.4 67.7
Sorghum 52.1 55.8 b7.2 57.2
Sorghum silage 55.8 79.4 81.6 89.0
Soybeans 70.1 73.9 80.7 82.2
Wheat 53.6 55.3 57.0 52.7

All crops 66.1 67.7 68.2 69.5
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The shift in land class utilization by crops is reflect-
ed in the national average yields, Tables 36, 37, 38, and 39.
The change in average yields also reflects changes in the
proportion of the crop grown under irrigated and rainfed ag-
riculture and the changes in regional allocation of the
crops. As an example, the average yield of barley is 62.4
burhels under the no soil loss restriction alternative but
declines to 58.5 bushels under the 3 ton soil loss restric-
tion since a greater proportion is grown on dryland. &
change in the proportion grown under irrigation is reflectel
in the acreages given in the same tables. These acreages
combine with the changed yields, lower on dryland and higher
on irrigated, to give a lower average yield. Shifts in yield
by land class reflect changes in regional proluction patteras
as the crop shifts from areas where the yields by land class
change.

Silage data exhibit how alternative use of lands and re-
gional shifts affect yields under various soil loss restric-
tions. The yield of corn silage increases from 12.9 tons
under no soil loss restriction to 14.0 tons under a 10 ton
soil loss restriction, drops to 13.1 under the 5 ton restric-
tion and then increases again to 16.7 tons under the 3 ton
restriction. The initial change from the unrestricted to the
10 ton soil loss level reflects mild yield increases on the

dryland and irrigated acres, but the change in acreage under



Table 36.

Crop and
land class

Barley
I,II
IIIE,IVE
Other IIIL,IV
V-VIII
Total
Corn grain
I,IX
IIIE,IVE
Other III,IV
V-VIII
Total
Corn silage
I,II
IIIE,IVE
Other III,IV
V-VIII
Total
Cotton
I,II
IIIE,IVE
Other III,IV
V-VIII
Total
Legume hay
I,II
IIIE,IVE
Other III,IV
V-VIII
Total
Nonlegume hay
I, II
IIIE,IVE
Other III,IV
V-VIII
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Acteage and average yield of crops by land
class in the United States with unlimited soil
loss and 69-71 average exports in 2000 (Model

a)
_______ Acreage - Ii213 _______
pryland Irrigqg. Total pryland Ircig. Total
(000 acres) (bu. 7acre)
5657 781 6438 70.0 81.0 71.3
2599 206 2805 50.8 56.3 51.2
1717 1390 3107 48.0 61.7 54.1
0 0 0 0.0 0.0 0.0
9973 23717 12350 61.2 67.6 62.4
(000 acres) (bu. 7acre)
44764 1540 46303 123.1 145.2 123.8
4694 254 4948 101.1 94.9 100.8
3192 87 3280 86.8 95.9 87.0
0 0 0 0.0 0.0 0.0
52650 1881 54531 118.9 136.1 119.5
(000 acres) (tonsr/acre)
4704 658 5362 13.0 18.7 13.7
662 69 731 8.5 16.0 9.2
308 40 348 6.6 13.0 7.3
0 0 0 0.0 0.0 0.0
5674 768 6441 12.1 18. 2 12.9
(000 acres) (balesrsacre)
3312 370 3682 1.7 1.5 1.7
1035 76 1111 1.4 0.9 1.3
1590 3 1594 1.5 0.9 1.5
3 0 3 0.3 0.0 0.3
5940 449 6389 1.6 1.4 1.6
(000 acres) (tons/acre)
18744 4796 23539 3.8 7.4 4.6
7342 S14 7857 3.2 4.0 3.2
4750 509 5259 3.5 4.9 3.6
62 0 62 2.2 0.0 2.2
30898 5819 36717 3.6 6.9 4.1
(000 acres) (tons/acre)
10454 313 10766 2.3 2.8 2.3
6565 83 6648 2,2 2.1 2.2
1248 90 1338 2.1 1.3 2.1
284 2 286 1.3 2.0 1.3
18551 488 19039 2.2 2.4 2.2

Total
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Table 36, (Continued)

Crop and Acreage Yield

land class Dryland Irrig. Total Dryland Irrig. Fotal

Oats (000 acres) (bu. 7acre)
I,II 3621 225 3846 71.6 91.8 72.8
IITE,IVE 1433 15 1448 49.1 51.6 49.1
Other III,IV 252 22 274 63.9 70.8 64.5
V-VIII 66 0 66 17.3 0.0 17.3
Total 5373 261 5634 64.6 87.8 65.7
Sorghum grain (000 acres) (bu. 7acre)
I,II 4030 1260 5290 63.2 72.17 65.5
IIIE,IVE 2509 388 2896 45.5 67.9 48.5
Other III,IV 1904 69 1973 40.7 60.9 41.4
V-VIII 0 0 0 0.0 0.0 0.0
Total 8443 17117 10160 52.9 71.2 56.0
Sorghum silage (000 acres) (toas/acre)
I,II 3597 580 4178 12.3 18.2 13.1
IIIE,IVE 2941 56 2998 10.8 9.4 10.8
Other III,IV 263 50 313 10.3 10. 1 10.3
V-VIII 0 0 0 0.0 0.0 0.0
Total 6802 687 7489 11.5 16.9 12.0
Soybeans (000 acres) (bu. 7acre)
I, II 34963 641 35604 42.0 50.6 42.1
IIIE,IVE 9239 140 9379 36.17 41.5 36.8
Other IIIXI,IV 5759 25 5783 34,2 45.8 34.2
Total 49961 806 50766 40.1 48.9 40,2
Sugar beets (000 acres) (tons/acre)
I,II 1365 158 1522 17.4 24.9 18.2
IIIE,IVE 0 17 17 0.0 8.4 18.4
Other IIXI,IV 101 41 142 21.4 19.3 20.8
V-VIII 0 0 0 0.0 0.0 0.0
Total 1465 216 1681 17.6 23.4 18.4
Rheat (000 acres) (bu. 7acre)
I,II1 27411 889 28300 36.9 77.1 38.2
IIIE,IVE 17107 611 17719 32.8 50.3 33.4
Other IIXI,IV 6449 274 6723 35.0 54.1 35.8
V-VIII 65 2 66 17.3 26.6 17.6
Total 51032 1776 52808 35.3 64.3 36.2
Other hay (000 acres) (tonsrsacre)
Total 16884 6094 22978 1.7 3.6 2.2
Pasture (000 acres) (tonss/acre)

Total 303060 2921 305981 0.6 2.4 0.6



Table 37.

Crop and
land class

Barley
I,II
IIIE,IVE
Other III,IV
V-VIII
Total
Corn grain
I,IL
IIIE,IVE
Other III,IV
V-VIII
Total
Corn silage
I,II
ITIE,IVE
Other III,IV
V-VIII
Total
Cotton
I,II
ITIE,IVE
Other III,IV
V-VIII
Total
Legume hay
I,II
IIIE,LVE
Other III,IV
V-VIII
Total
Nonlegume hay
I, II
ITIIE,IVE
Other III,IV
V-VIII
Total
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Acreage and average yiell of crops by land
class in the United States with 10 ton maximunm
soil loss and 69-71 average exports in 2000
(Model B)

(000 acres) (bu. 7acre)
6148 778 6926 66.9 81.1 68.5
2527 208 2734 51.4 56.5 51.8
1798 1404 3202 48.9 61.8 54.6
0 0 0 0.0 0.0 0.0
10473 2389 12863 60.1 67.6 61.5
(000 acres) (bu./acre)
45034 1703 u6737 124.1  143.4 124.8
4143 139 4283 103.5 85.2 102.9
3416 87 3503 86.3 95.9 86.5
0 0 0 0.0 0.0 0.0
52593 1930 54523 120.0 137.1 120.6
(000 acres) (tons/acre2)
4530 629 5158 13.4 18.8 14.1
146 58 205 10.7 16.8 12.5
0 40 40 0.0 13.0 13.0
0 0 0 0.0 0.0 0.0
4676 728 5403 13.3 18. 3 14.0
(000 acres) (bales/acre)
3346 314 3660 1.7 1.7 1.7
858 1 869 1.5 0.9 1.5
1459 0 1459 1.7 0.0 1.7
0 0 0 0.0 0.0 0.0
5663 325 5988 1.7 1.6 1.7
(000 acres) (tons/acre)
17773 5046 22819 3.8 7.3 4.6
9525 590 10116 3.3 4.0 3.3
4677 520 5198 3.8 4.9 3.9
9 0 9 2.3 0.0 2.3
31984 6157 38141 3.6 6.8 4.1
(000 acres) (tons/acre)
10215 354 10570 2.2 2.8 2.3
6691 83 6774 2.3 2.1 2.3
1339 90 1429 2.1 1.3 2.1
149 2 151 1.2 2.0 1.2
18395 529 18924 2.3 2. 4 2,3
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Crop and

land class

Oats
I,II

IIIE, IVE
Other III,IV

V-VIII
Total

sorghum grain

I, II

ITIE,IVE
Other III,IV

V-VIIIX
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

IITE,IVE
Other III,IV

V-VIII
Total

Wheat
I,II

IIIE,IVE
Other III, IV

V-VIII
Total

Other hay

Total
Pasture

(Continued)
SN P of -1- Y {

Dryland Irrig.
(000 acres)
371 255
1751 33
234 13
36 0
5732 301
(000 acres)
4247 1211
1964 374
1877 106
0 0
8088 1692
(000 acres)
4107 428
893 3
266 13
0 0
5267 443
(000 acres)
34549 587
6801 114
5485 25
0 0
46835 726
(000 acres)
1370 161
0 21
101 31
0 0
1470 213
(000 acres)
27098 897
15629 618
6113 274
39 2
48878 1791
(000 acres)
16908 6094
(000 acres)
304614 2921

3966
1784
247
36
6033

5458
2338
1983

0
9780

4535
896
279

0

5710

35136
6915
5510

0

47561

1531
21
132
0
1684

27995
16246
6387
41
50669

23002

307535

(bu. /7acre)

71.7 87.7 72.7
53.2 46.9 53.1
61.7 68.2 62.0
13.6 0.0 13.6
65.3 82. 4 66.1
(bu. 7acre)
68.1 69.9 68.5
41.7 68.0 45.9
41.4 61.5 42.5
0.0 0.0 0.0
55.5 69.0 57.8
(tons/acre)
13.1 19.9 13.7
9.3 13.2 9.3
10.3 10.6 10.3
0.0 0.0 0.0
12.3 19.6 12.9
(bu./7acre)
43,2 50.0 43.3
41.2 41.3 41.2
36.1 46.9 36.2
0.0 0.0 0.2
42.1 48.6 42.2
(tons/acre)
17.4 24.8 18.1
0.0 18.5 18.5
21.4 18. 4 20.7
0.0 0.0 0.0
17.6 23.3 18.3
(bu. /7acre)
37.5 77.8 38.8
33.6 50.2 34.3
37.1 54,2 37.8
15.3 26.6 15.8
36,2 64.6 37.2
(tons/acre)
1.7 3.6 2.2
(tonsracr2)

0.6 2.4 0.6
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Acreage and average yield of crops by land
class in the United States with 5 ton maxinunm
soil loss and 69-71 average exports in 2000

Crop and
land class

Barley
I,II
IIIE,IVE
Other III,IV
V-VIII
Total
Corn grain
I,II
IIIE,IVE
Other III,IV
V-VIII
Total
Corn silage
I,II
ITIE,IVE
Other III,IV
V-VIIL
Total
Cotton
I,IY
IIIE, IVE
Other IIXI,IV
V-VIII
Total
Legume hay
I,II
IIIE,IVE
Other III,IV
V-VIII
Total
Nonlegume hay
I,II
IIIE,IVE
Other III,IV
V-YIII
Total

4694
2785
3364

10842

45814
5769
3523

55106

5210
87
153

5450

4091
968
256

5315

23524
10039
6029
57
39649

12663
5891
2986

85

(hodel C)
SRR .1 o of -1 { - S ——
Dryland Irriqg.
(000 acres)
3811 883
2549 235
1948 1416
0 0
8309 2533
(000 acres)
43749 2065
5562 206
3437 86
0 0
52748 2358
(000 acres)
4954 256
61 26
113 40
0 0
5128 322
(000 acres)
3488 603
957 11
256 0
0 0
4701 614
(000 acres)
19021 4503
9586 453
5487 542
57 0
34152 5497
(000 acres)
12432 231
5736 155
2880 105
85 0
21133 492

21625

(bu. racre)
68.6 84.3 71.6
57.5 56.3 57.4
47.0 61.6 53.1
0.0 0.0 0.0
60.1 69.0 62.2
(bu. 7acre)
123.5 147.2 124.5
111.0 89.3 110.2
89.6 96.0 89.8
0.0 0.0 0.0
119.9 140.2 120.8
(tons/acre)
12.8 19.1 13.1
12.0 4.5 12.8
12.7 13.0 12.8
0.0 0.0 0.0
12.8 18.0 13.1

(bales/acre)
2.0 2.2 2.0
1.7 1.2 1.6
1.5 0.0 1.5
0.0 0.0 0.0
1.9 2.2 1.9

(tonsrsacre)

3.8 7.2 4.4
3.3 4.1 3.3
3.8 4.9 3.9
3.9 0.0 3.9
3.6 6.7 4.0
(tons/acre)
2.4 2.7 2.4
2.2 2.2 2.2
2,2 1.3 2.2
1.2 0.0 1.2
2.3 2.3 2.3
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(Continued)
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Crop and
land class

Oats
I,II
IIIE,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
Oother III,IV
V-VIII

Total
Sugar beets
I,IT
IITE,IVE
Other III,IV
V-VIII

Total
Wheat

I,II
II1E,IVE
Other III,IV
V-VIII

Total

Other hay
Total
Pasture

(000 acres)

4349 332
2022 3
245 53
20 0
6637 416
(000 acres)
4062 676
1666 41
3530 69
0 0
9257 786
(000 acres)
2091 211
477 0
41 0

0 0
2609 211
(000 acres)
36126 131
4269 6
4391 0
0 0
44786 137
(000 acres)
1133 275
0 32

101 71

0 0
1233 378
(000 acres)
27170 1789
14927 938
5795 152
66 0
47958 2879
(000 acres)
17224 6105
(000 acres)
310697 708

4682
2053
298
20
7052

u738
1707
3599
0
10043

2301
u77
41

0
2820

36257
u275
4391

0

44923

1408
32
172
0
1611

28960
15864
5947
66
50837

23329

311406

(bu. 7acre)

71.7 84.4 72.6
56.4 64.0 56.5
61.2 70.6 62.9
15.3 0.0 15.3
66.5 81.2 67.3
(bu. 7acre)
71.4 126.6 79.3
50.5 72.1 51.0
41.7 60.9 42.1
0.0 0.0 0.0
56.3 118.0 61.1
(tons/acre)
12. 4 25.0 13.5
8.0 0.0 8.0
12.8 0.0 12.8
0.0 0.0 0.0
11.6 25.0 12.6
(bu. 7acre)
44.3 53.9 44.3
40.5 35.4 40.5
38.3 0.0 38.3
0.0 0.0 0.0
43.3 53.2 43.4
(tonsracre)
17.8 23.7 18.9
0.0 19. 4 19.4
21. 4 20.5 21.0
0.0 0.0 0.9
18. 1 22.7 19.2
(bu. 7acre)
37.8 50.7 38.6
33.4 46.4 34.2
39.1 53.5 39.5
16.9 0.0 16.9
36.6 49. 4 37.3
(tons/acrce)
1.7 3.6 2.2
(tons/acrea)
0.6 2.9 0.6
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Acreage and average yield of crops by land

class in the United States

with 3 ton maximum

soil loss and 69-71 average exports in 2000

Crop and
land class

Barley
I,I1
IIIE,IVE
Other IIT,IV
Y-VvIII
Total
Corn grain
I,II
TIIE,IVE
Other III,IV
V=-VIII
Total
Corn silage
I,II
TIIE,IVE
Other IIXI,IV
V-VIII
Total
Cotton
I,I1
IIIE,IVE
Other III,IV
V-VIII
Total
Legume hay
I,I1
IIIE,IVE
Other III,IV
V-VIII
Total
Nonlegume hay
I,II
ITIIE, IVE
Other III, IV
V-VIII
Total

(Modal D)

......... Acreage
Dryland Irrig.
(000 acres)
5890 819
3366 122
1686 1423
0 0
10943 2364
(000 acres)
47663 865
5131 173
4124 86
0 0
56917 1123
(000 acres)
1831 511
0 52
22 33

0 0
1853 596
(000 acres)
3363 1103
789 11
287 0
0 0
4439 1114
(000 acres)
22517 4769
10777 587
629 695
9 0
33932 6051
(000 acres)
11215 340
8022 163
1893 62
121 0
21251 565

6709
3489
3110

13307

48528
5303
4210

58041
2342
55
2449
4466

800
287

5553

27285
11364
1324

39982

11555
8186
1955

121

21816

(bu. /acre)
57.8 91. 4 61.9
54.8 59.8 55.0
49.6 61.5 55.1
0.0 0.0 0.0
55.6 71.7 58.5

{bu. racre)
124.1 146.7 124.5
108.6 86.5 107.8
88.6 96.0 88.7
0.0 0.0 0.0
120.2 133.6 120.4

(tons/acre)
16.1 18.9 16.7
0.0 16.6 16.6

15.6 14.6 15.0
0.0 0.0 0.0
16.1 18.5 16.7
(balesr/acre)
1.8 2.5 1.9
1.3 1.2 1.3
1.5 0.0 1.5
0.0 0.0 0.0
1.7 2.5 1.8

(tons/acre)
3.9 6.9 4.4
3.5 3.8 3.5
3.9 4.7 4.3
2.3 0.0 2.3
3.7 6.“ u.1
(tons/acre)
2.4 2.8 2.4
2.2 1.8 2.2
1.9 1.3 1.9
1.2 0.0 1.2
2.3 2.3 2.3
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{Continued)

Oats
I, II
ITIE,IVE
Other III,IV
V-VIII
Total
Sorghum grain
I,II
ITIE,IVE
Other III, IV
V-VIII
Total
Sorghum silage
I,II
IITE,IVE
Other III,IV
V-VIII
Total
Soybeans
I,IT
IIIE,IVE
Other III, IV
V-VIII
Total
Sugar beets
I, II
IIIE, IVE
Other IIXI,IV
V-VIII
Total
Wheat

I,II
IIT:,IVE
Other III,IV
V-VIII

Total

Other hay
Total

Pasture
Total

(000 acres)

6034
2516
375
30
8955
(000
4826
2066
1706
0
8597
(000
2186
26
279
0
2490
(000
36356
2696
5182
0
44233
(000
1250
0
101
0
1350
(000
22852
15487
4721
42
43102

(000
17673

(000
313854

293

51

52

0

396
acres)

252

18

0

0

270
acres)

293

0

0

0

293
acres)

100

0

0

0

100
acres)

180

46

71

-0

297
acres)

1059

1047

201

0

2307

acres)
6100

acres)
2585

6327
2567
426
30
9351

5077
2085
1706

0
8868

2478
26
279
0
2783

36455
2696
5182

0

44333

1429
46
172
0
1647

23911
16534
5921
42
45409

23772
316439

(bu. 7acre)

72.5 89.8
65.3 60.2
59.5 71.1
13.6 0.0
69.7 83.5
(bu. 7acre)
66.7 130.1
32.5 80.6
43.3 0.0
0.0 0.0
53.9 126.8
(tons/acre)
1.4 25.0
8.2 0.0
8.1 .0
0.0 0.0
11.0 25.0
(bu. /7acre)
44,2 54.8
39.4 0.0
36.9 0.0
0.0 0.0
43.1 54.8
(tons/acre)
17.7 24. 4
0.0 17. 4
21.4 20.5
0.0 0.0
18.0 22. 4
(bu. 7acre)
39.4 64.9
33.7 43.7
28.4 49, 2
16.2 0.0
36.1 53.9
(tons/acre)
1.7 3.6
(tonss/acre)
0.6 2.4

0.0
43.1

18.5
17.4
21.0

0.0
18.8

40.5
34.3
29.3
16.2
37.0

2.2
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the dryland and irrigated production patterns causes the
major increase in overall yield. The changes from the 10 ton
restriction to the 3 ton restriction reflect changes in per
acre yields on dryland and irrigated production alternatives.
These yield increases result from shifts to regions of dif-
ferent productive capacity. similar shifts in production
patterns can be observed for the other crops consistent with
their susceptibility to erosion or their relationship to
other crops through rotational interactions.

The data in Tables 36, 37, 38 and 39 reflect the acreage
of the endogenous crops by land groups. The decline in total
acreage as the level of soil restriction is reduced is not
reflected equally in the acreage of all crops. Cotton, which
has no substitute in the agricultural sector, has a decline
in acreage from 6.4 million acres with no soil loss restric-
tion to as low as 5.3 million 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 in acreage occurs in silage, both corn and sa>rghum.
The acreage of silage declines from 13.9 million acres with
no soil loss restriction to 5.2 million acres with a 3 ton
restriction. The roughage component of the livestock ration
provided from silages under the less restrictive soil loss

alternatives is satisfied from the greater production of
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hays. The nonlequme hay acreage increases froam 19 million
acres under the unrestricted and 10 ton soil loss liamitations
to 22 million acres under the 5 ton and 3 ton soil loss re-
strictions. The projected nonlegume hay acreage represents a
decline in total acreage from the 1969 average. The legune
hays undergo an increase in acreage from 37 million to 40
million acres. This change contrasts with the present situa-
tion where the 19b9 acreage of legume hays of 27 million
acres was less than the 35 million acres of nonlegume hay

crops (35).

The shift in crop patterns has a direct effect on the
feed consumption patterns in the livestock sector. The data
in Table 40 indicates the consumption of the crop commodities
within the livestock sector. The reduction in the acres of
corn and sorqghum silage result in a decline in silage fed
from 174 million tons under no soil loss restriction to
150 million tons under the 10 ton restriction, to 107 million
tons under the 5 ton restriction, and to 76 million toas
under the 3 ton restriction. To compensate for the reduction
in nutrients from silage, more hay and pastura are used to
maintain the balance in roughage and more corn, barley and
oats are used to maintain the balance in energy. The substi-
tutions for the silages affect the high protein balance as

the legume hays (9-15 percent digestible protein) and the



Table 40. Commodity use in livestock production under alternative soil loss restrictioms in 2000

Soil loss restrictions

Commodity Units

unrestricted 10 ton 5 ton 3 ton
Corn bu. 5552273 5612173 5691554 6023807
Sorghum bu. 428526 425468 474077 357218
Barley bu. 558066 577948 461520 565639
Qats bu. 291832 320820 396728 579533
Wheat bu. 522816 494016 505341 288741
High protein2/ cwt. 743754 726224 699218 681572
Legume hay tons 154649 160103 163295 167380
Other hay tons 95386 96038 104197 104450
Silage b/ tons 173662 149624 107147 75892
Pasture— tons 207506 209059 212670 215909

0¢1

é-/Includes soybean and cottonseed oilmeals and high protein grain supplements, expressed in
soybean oilmeal equivalents,

h/Expressed in non-legume hay equivalents.
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permanent pasture (10-15 percent digestible protein dependiag
on maturity) have a relatively higher protein content than 3o
the silages (2-5 percent digestible protein depending on
type). The increase in corn and oats fed offsets the reduced
utilization of sorghum and wheat. The increase in utiliza-
tion of one commodity to the exclusion of some other commodi-~
ty reflects the lower cost of the former in the natioa's
total agricultural bill. All shifts in production result ba2-
cause the soil loss restrictions change the relative costs of
producing the commodities under the alternative technologies
and the model selects the least-cost resource use and produc-

tion pattern under each soil loss restraint.

Resource use and income distribution

Resource use and cropping patterns reflect the input
usage most efficient under each alternative and are consist-
ent with the national, regional and farming practices
utilized. The data in Tables 41, 42, 43 and 44 include the
value of the inputs used in the production of row crops and
close-grown crops under the alternative soil loss restric-
tions. The value of land and water represents the marginal
value product of the last unit utilized as reflected by the
shadow prices in the solution. The labor, mazhinery and pes-
ticide costs are component costs in the cropping system bud-
gets. The %"other costs" category includes the cost of fer-

tilizers and the associated miscellaneous items of produc-
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Table 4l. value of resource use in crop production by
major zones in the United States for anlimited
soil loss and 69-71 average exports in 2000
(Model a)e/

($ per acre)

United State
Rov crops? b 18.68 0.34 6.13 34.50 2.82 10.98 73.47
Close crops—/11.32 0.30 3.29 23.99 0.68 3.69 43.40

North Atlantic
Row crops 6.85 0.00 9.10 56.90 2.62 19.65 95.14
Close crops 4.80 0.00 4,85 31.72 5.67 13.65 60.71

South Atlantic
Row crops 9.81 0.00 7.68 29.57 4.22 14.80 66.09
Close crops 11.53 0.00 4.75 35.86 0.12 15.39 67.68

North Central
Row crops 20.81 0.00 5.55 35.20 3.06 12.81 77.44
Close crops 9.7¢ 0.00 3.21 24.45 1.26 5.11 43.79

South Central
Row crops 19.19 0.24 6.84 34.82 2.32 5.43 68.87
Close crops 16.65 0.10 3.01 23.12 0.16 2.07 45.14

Great Plains
Row crops 14.66 2.24 6.88 33.93 1.98 6.72 66.43
Close crops 6.19 0.22 3.24 25.57 0.32 -0.83 34.73

North West
Row crops 6.09 1.47 8.70 14.92 0.73 8.94 40.87
Close crops 11.99 0.49 3.41 21.18 0.99 5.60 43.69

South West
Row crops 15.24 4,87 5.12 21.36 0.66 1.90 49.17
Close crops 13.75 2.06 3.30 16.95 0.07 5.29 W41.44

E/Includes corn,cotton,sorghum,soybeans and sugar beets.

h/Includes barley,ocats and wheat.
¢/values are in terms of 1972 dollars.
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Value of resource use in crop production by

major zones in the United States for 10 ton
maximum soil lgﬁs and 69-71 average exports in
2000 (Model B)E

United State
Row crops2/ 18.38

Close cropsﬁ/11.06

North Atlantic
Row crops 6.43
Close crops 6.00

South Atlantic
Row crops 8.67
Close crops 10.88

North Central

Row crops 20.98
Close crops 9.57

South Central
Row crops 17.69
Close crops 15.82

Great Plains
Row crops 14,46

Close crops 5.97
North West

Row crops 6.11

Close crops 11.96
South West

Row crops 13.53

Close crops 13.43

35.10
24.63

57.68
30.52

31.81
42.24

34.92
24,85

37.23
24.74

35.20
25.48

14.89
21.20

23.98
16.97

11.40
3.70

20.25
13.88

14.85
17.25

13.34
5.29

E/Includes corn,cotton,sorghum,soybeans and sugar

E/Includes

barley,oats and wheat.

E/Values are in terms of 1972 dollars.
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Table 43, value of resource use in crop production by
major zones in the United States for 5 ton
maximum soil lOfS and 69-71 averag2 2xports in
2000 (Model C)E

($ per acre)

United State
Row crops2 b/21.118 0.32 6.40 37.19 5.50 11.93 82.51
Close crops=>/10.43 0,22 3.36 24.84 0.73 2.53 42.14

North Atlantic
Row crops 10.74 0.00 9.08 61.56 3.33 18.87 103.60
Close crops 7.43 0.00 6.24 42.27 0.32 14,47 70.74

south Atlantic
Row Crops 8.76 0.00 8.90 38.43 5.93 17.55 79.60
1

Close crops 12.25 0.00 3.69 31.47 .32 11.72 60.47

North Central
Row crops 24.94 0.00 5.35 35.44 5.96 12.83 84.55
Close crops 10.23 0.00 3.14 24.08 1.57 4,27 43.31

south Central
ROwW crops 19.89 0.06 7.93 41.33 5.39 7.56 82.18
Close crops 16.07 0.03 3.35 26.25 0.39 2.32 u48.43

Great Plains
Row crops 17.21 1.1 7.38 38.46 4.14 7.24 75.57
Close crops 4,79 0.06 3.24 25.52 0.41 =-2.15 31.88

North West
Row crops 8.74 1.28 9.60 19.95 0.74 15.68 56.01
Close crops 9.13 0.19 3.68 23.57 1.01 3.35 40.94
South West
Row crops 6.14 6.71 7.02 28.67 2.82 4.52 55.89

Close crops 9.98 1.54 2.96 17.29 0.08 2.55 34.42

---———---—---———--———---——---—--—--'--——- P N R R il

% Includes corn,cotton,sorghum,soybeans and sugar beets.
b/tncludes barley,oats and wheat.
€/yalues are in terms of 1972 dollars.
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Table 44, Value of resource use in crop production by
major zones in the United States for 3 ton
maximum soil lq;s and 69-71 average exports in
2000 (Model D)<

United States

Row crops@’ 23.45 0.33 6.26 37.44 6.48 12.44 B86.42
Close crops2/13.61 0.31 3.36 25.16 1.23  2.13 45.83

North Atlantic
Row crops 10.39 0.00 9.40 59.61 4,13 16.60 100.15
Close crops 10.51 0.00 6.05 40.60 5.50 11.26 73.94

South Atlantic
Row crops 11.91 0.00 9.00 37.06 6.10 16.36 B80.45
Close crops 18.94 0.00 4,11 35.62 0.90 12.99 72.57

North Central

Row crops 26.58 0,00 5
Close crops 12.42 0.00 3

31 36.62 7.01 13.51 89.06
25 24.56 2.26 .96 47.47

South Central
Row crops 22.27 0.11 7.30 40.21 6.45 8.58 84.95
Close crops 18.91 0.04 3.13 25.38 0.55 0.36 48,39

Great Plains
Row crops 13.09 1,23 6.17 36.84 2,27 3.517 63.14

Close crops 8.67 0.28 3.31 26.52 0.38 -1.19 37.98

North West
Row crops 7.98 1.55 10.29 15.82 0.71 10.10 46.47
Close crops 13.91 0.47 3.43 21.78 0.98 6.04 46.64

South West
Row crops 21.52 5,71 16.16 35.36 7.12 12.61 92.51
Close crops 14.63 2.12 3.49 20.06 1.93 0.18 42.42

2/Includes corn,cotton,sorghum,soybeans and sugar beets.

b Includes barley,oats and wheat.
E/Values are in terms of 1972 dollars,
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tion. In some zones, the Great Plains in particular, this
coﬁponent of the cost structure is negative, representing an
income to the rotation. This income results as the nitrogen
balance restriction forces the disposal of livestock wastes
in all areas. In other words, livestock producers would have
to pay to dispose of the wastes from their livestock enter-
prise, reflecting an income or negative cost to the crop
sector. This situation results only in certain producing
areas of the Great Plains amnd South Central zones.

At the national level an increase in total per acre re-
source input is specified for the row crops with each succes-
sive reduction in the level of allowable soil loss, Tables
41, 42, 43 and 44. The per acre return from close-grown CLOpPS
increases for the 10 ton restriction, declines for the 5 ton
restriction and increases again under the 3 ton restriction.
Most of the decline in value of resource use in close-grown
crops under the 5 ton restriction results from reduced fer-
tilizer use as close-grown crops in sone producing areas of
the Great Plains and South Central zomnes receive both a "pay-
ment® and nitrogen for fertilizer from the livestock sector
for disposal of excess wastes. The return to land increases
as the land capable of meeting the soil loss restriction at
lovest cost becomes relatively more valuable due to the
higher prices for the conmodities produced. The return to

water is relatively unaffected by alternate soil loss re-
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strictions and reflects the minor required shifts in the ir-
rigated production patterns. The value of labor utilized in-
creases slightly and reflects the increased requirement asso-
ciated with the more time-consuming, conservation-tillage
practices utilized to meet soil loss restriction. Hachinery
use per acre also increases for both row crops and close-
grovwn crops as a result of the increased time required for
the conservation-tillage practices on more land (which does
not offset the reduction in machinery use associated with
reduced tillage practices). Per acre expenditures on pesti-
cides increases as the allowable soil loss level is reduced.
Chemical methods of control for veeds and insects must be in-
creased under the reduced tillage procedures which are sub-
stituted for conventional tillage control methods. At the
national level, the "other costs" increase for row crops as
the cost of nitrogen increases in line with commercial
prices. The close-grown crops, on the other hand, show a de-
cline in "other costs" as the concentration of these crops
moves more to the Great Plains and South Central zones where
nitrogen is supplied by the livestock enterprises at little
or no expense (and in some cases as an income to the crop).
The change in value of resource use under the alterna-
tive soil loss restrictions has a direct effect on the dis-
tribution of income within the agricultural sector. At the

national level, land receives 25.5 percent of the return from
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sales associated with row crop production under the no soil
loss restriction alternative, vater receives 0.5 percent, and
labof receives 8.3 percent. Machinery expenses accounted £or
47.0 percent, pesticides for 3.8 pefcent and miscellaneous
costs including fertilizer accounted for 14.9 percent, Table
45. Under a 10 ton soil loss restriction the proportion of
the total return to row crops attributed to land, water and
labor declinmes, indicating a lower per acre r2lative return
over costs when coapared to the unrestricted alternatives.
The percentage of the total return attributed to land in-
creases sufficiently under the 5 ton restriction to give a
larger share of the return to land, water and labor than
under the 10 ton restriction but not enough to equal the pro-
portion received by these sectors in the unrestrained alter-
native. The increase in the share going to land is suffi-
cient at the 3 ton restriction level to increase the propor-
tion of total returns to land, vater and labor above that re-
ceived under the no soil loss restriction. A similar pattecrn
is followed for the close-grown Crops.

The relative shift in proportion of the returns receiva-
ble by each sector indicates the shift in the relative incoame
position of each of the sectors. If the landowner is sepa-
rate from the labor supply, a conflict may arise as conserva-
tion programs at a 3 ton restriction level increase the in-

comnes of both but a greater proportion of the total is indi-



Table 45. Percent of the total return in national row crop and close-grown crops production for
alternative levels of soil loss restriction in 2000

Restriction/
crop Total Land Water Labor Mach Pest Othera/
($/acre)b/ (percent)
Unrestricted
TOW Ccrops 73.47 25.5 0.5 8.3 47.0 3.8 14.9
close crops 43,40 26.3 0.7 7.6 55.3 1.6 8.5
10 ton restriction
TOW Crops 75.96 24,2 0.4 8.1 46.3 6.0 15.0
close crops 43.90 25.2 0.7 7.7 56.1 1.9 8.4
5 ton restriction
row crops 82.51 25.6 0.4 7.8 45.0 6.7 14.5
close crops 42,14 24.8 0.5 8.0 59.0 1.7 6.0
3 ton restriction
Yow crops 86.42 27.1 0.4 7.2 43.4 7.5 14.4
close crops 45,83 29.7 0.7 7.3 54.9 2.7 4.7

621

a
'/Includes fertilizers and miscellaneous production costs.

b/

Values are in terms of 1972 dollars.
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cated for the landowner. The labor sector has a higher total
return per acre but relative to the land, labor return has
declined. With a mild soil loss restriction, 5 or 10 tons
per acre, the aggregate farm supply sector receives more of
the return and the land and labor (i.e., renters) have less
income incentive for undertaking conservation programs.
Within the farm supply sector, the pesticide iistribution has
greater relative income per acre with each successive reduc-

tion in allowable soil loss.

The total return to each of the resource sectors under
the alternative levels of soil loss restriction is given in
Table 46. The return to all sectors at the national lavel,
except pesticidas, declines with the initial soil loss re-
striction, even for those sectors which have an increased re-
turn per acre, Tables 41 and 42. The reduction in total re-
turn is due to the decline in acreage of row crops froa 148
million acres to 141 million acres and of close-grown crops
from 76 million acres to 74 million acres. The 5 ton soil
loss restriction increases the return to the agricultural
sector to 14,314 million dollars, as compared to 14,163 mil-
lion dollars under the unrestricted alternative. However,
the only sectors above the level of the unrestricted model
are land and pesticides. The 3 ton restriction increases the
value of the returns in the agricultural sector to 14,951

million dollars. Land at 4,144 million dollars and pesticides



Table 46. Returns to the national resource sectors of agriculture from the production of row
crops and close-grown crops for alternative levels of soil loss restriction in 2000

Restriction/
crop Total Land Water Labor Mach Pest otheril
Urrestricted
TOW CTOpS 10887 2769 50 908 5114 418 1628
close crops 3276 863 23 249 1812 51 278
total 14163 3632 73 1157 6926 469 1906
10 ton restriction
TOW Crops 10740 2599 47 873 4964 645 1612
close crops 3260 822 23 250 1830 60 275
total 14000 3421 70 1123 6794 705 1887
S ton restriction
TOW CTOpS 11220 2876 44 870 5059 748 1623
close crops 3094 766 16 247 1825 54 186
total 14314 3642 60 1117 6884 802 1809
3 ton restriction .
Tow crops 11615 3153 44 842 5033 871 1672
close crops 3336 991 23 245 1832 90 155
total 14951 4144 67 1087 6865 961 1727
a/

B/Values are in terms of 1972 dollars.

Includes fertilizers and miscellaneous production costs.

1€1
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at 961 million dollars again are the only sectors above the
level of the unrestricted spil loss alternative. Hence, per-
sons controlling land on which production remains would gain
in both relative income and absolute income over the labor
and water sectors. Similarly, the producers of pesticide
inputs would gain in relative share of the crop expense

dollar.
The data in Table 47 indicate the total value of re-

sources utilized in agricultural production under each soil
loss alternative in each of the seven major zones. The North
Atlantic zone varies little except under the 5 ton restric-
tion. 1Its value of resources used then increases to over 630
million dollars from the 400-500 million dollar range under
the other three alternatives. The South Atlantic and South
Central zones have reduced total resource ntilization as the
soil loss restriction is lowvered and cropped acreage de-
clines. The North Central and Great Plains zokes have in-
creased income from the agricultural sector as acreages
expand and the more jntensive conservation practices increase
input utilization, especially pesticides. The two zones in
the West increase the value of resources used in agricultural
production, especially as the soil loss restriction reaches
the 3 ton level.

In general. the more productive lands experience an in-

crease in return while the less productive have a reduced
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Table 47, Total returns to the regional agricultural
related sectors from the production of row crops
and close-grown crops for alternative levels of
soll loss restriction in 2000.

Soll loss restriction
unrestricted 10 ton 5 ton 3 ton

Reglon/crop

(mi11ion dollars)@/

United States

row crops 10887 10740 11220 11615

close crops 3276 3260 3094 3336

total 14163 14000 14314 14951
lorth Atlantic

rov crops 353 357 Ly7 336

close crops 103 77 176 154

total 456 434 623 490
South Atlantic

row crops 706 653 801 687

close crops 217 210 53 53

total 923 863 854 740
ttorth Central

row crops 7040 6994 7161 7870

close crops 851 846 812 838

total 7891 7840 7973 8708
South Central

row crops 1973 1924 1996 1689

close crops 936 957 955 962

total 2919 2881 2951 2651
Great PMlains

row crops 499 483 422 436

close crops 562 571 Loy 694

total 1061 1054 916 1130
Horth Vest

row crops 71 70 110 84

close crops 339 339 317 369

total 410 409 427 453
South West

row crops 244 258 282 514

close crops 269 261 288 265

total 513 519 570 779

a/values are In terms of 1372 dollars.
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relative resturn, Tables 48, 49, 50 and S51. At the national
levels, the marginal value product of an acre of class I or
II landunder the unrestricted alternative is $20.60. This
increases to $25.30 under the 3 ton restriction. The value
product of the class V-VIII lands drops, however, from $10.87
per acre to $7.05 per acre as the allowable soil loss level
is reduced to 3 tons. All zones have an incraase in the
value of highly productive class I and II lanis as the
allowable level of soil loss is reduced. The variation by
region and by land class results from the linsarity charac-
teristics of the model used, but when the individual regions
are weighted together, the national averages indicate the
relative shift in income among the owners of acres in the al-
ternate land classes. The change in income distribution
among land classes incorporates the fact that 11 million ad-
ditional acres would be shifted or idled from production as
the soil restriction progresses from no restriction to the 3
ton restriction. The reduction in income from idled lands is
especially severe in the South Central zone where over 14
million acres of additional idled land results if the 3 ton
restriction is implemented. The South Atlantic has an in-
crease of idled land of over 4 million acres from the unre-
stricted analysis to the 3 ton restriction. Zones increasing
1and used between the unrestricted and 3 ton restriction al-

ternatives include the Great Plains {about 5 million acres)
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Table 48. Shadow prices(marginal value products) of
alternative land classes in major zones ia 2000
(Model A )

- " Y D D D R R D G R G WP D EP ER G S W A G W S G I R G G SEP MID W D G G I Gh Wb MDD P N E W D SN G W @

Zone I,II IIIE,IVE III-IV V-VIII athare/Totalhl

D S D G T - T D G G WP M R G U Gh TS G D R TGS R G Gh WD G D D M D DGR MR GD R W WD G- T W I NP WP R WD D e S . S e

($ per acre)S/

United States 20.60 10.67 12.02 10.87 2.92 17.35
North Atlantic 8.41 0.62 0.00 0.00 3.66 7.50
South Atlantic 114.48 7.38 6.19 0.00 .84 13.04
North Central 21.71 12.57 10.42 0.00 6.25 19.68
South Central 24.90 12.87 16.06 14.52 3.15 19.41

Great Plains 12.60 5.20 4,10 0.00 2.12 9,55
North West 26,24 10. 34 6.80 3.84 2.60 15,37
South West 23.82 8.86 17.78 6.12 1.07 17.24

- - D G S WP G G WD T ST e W OD G R G S D P G5 Gk WP D 4P I T D WP WD WD G Y G 4 Eh G ER D WS D Y @ Wh AN MG WD W EE W S W W

a/other hay and pasture lands.

E/Excluding other hay and pasture lands.
£/ Values are in terms of 1972 dollars.

Table 49, Shadow prices(marginal value products) of
alternative land classes in major zones in 2000
(Model B )
~Land classes ________
Other
Zone I,I1 IIIE,IVE III-IV V-VIII Othanﬂ/Totalk/

($ per acre)ﬁ/

United States 20.01 9.95 10.43 5.68 3.02 16.77
North Atlantic 7.94 0.19 0.25 0.00 3.57 7.75
South Atlantic 13.15 5.89 4.52 0.00 3.86 12.07
North Central 21.40 11.45 10.37 0.00 6.78 19.46
South Central 23.44 12.18 12.53 4.21 3.28 17.96

Great Plains 12.57 4.74 4.16 0.00 2.13 9.40
North West 26.22 10.30 6.78 4.68 2.59 15.35
South West 21.74 8.33 18.93 6.12 1.05 16. 14

ajother hay and pasture lands.
b/Excluding other hay and pasture lands.
E/Values are in terms of 1972 dollars.
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Table 50, shadow prices(marginal value products) of
alternative land classes in major zones in 2000
(Model C )
Land classes_________
Other
Zone I,II IIIE,IVE III-IV V-VIII Otharﬂ/Totalh/

($ per acre)&/

United States 22.47 9.06 9,72 6.72 2,71 18.22
North Atlantic 12.74 0.00 0.80 0.00 1.73 11.03
South Atlantic 13.22 14.17 6.04 0.00 4.09 12.71

North Central 25.08 14.70 13.55 0.00 5.97 23.16
South Central 26.00 1M.77 10.33 0.00 3.09 18.97

Great Plains 12.54 2.26 1.77 0.00 1.7€ 8.43
North West 26.85 5.86 7.10 0.00 2,30 13.66
South West 16.28 3.07 12.14 16.50 0.71 10.59

2/ot her hay and pasture lands.

b Excluding other hay and pasture lands.
€/values are in terms of 1972 dollars,

Table 51. Shadow prices(marginal value products) of
alternative land classes in major zones in 2000
(Model D )
-.Land_classes_ ________
Other
Zone I1,II IIIE,IVE III-IV V-VIII OthaEE/TotalE/

($ per acre)e/

United States 25.30 11.93 11.24 7.05 3.39 21.07
North Atlantic 12.66 0.00 4.18 0.00 3.566 12.36
South Atlantic 18.84 19.65 16. 22 0.00 4.84 18.72
North Central 27.14 14.70 13.29 0.00 7.92 24.46

South Central 30.54 14.00 8.55 5.86 3.27 23.08
Great Plains 14.64 7.03 6.01 0.00 2.56 11.47
North West 32.75 11.03 9.27 8.67 3.19 18.13
South West 25.93 7.85 30.64 7.23 0.96 20.09

- U R A G N e R AR T P - e E ED b e %D EP D D M WD A G e S G G D M TS ED G ER TP P WD R D M D wn D P G SR G GD W G e D o e W e

a/other hay and pasture lands.

E/Excluding other hay and pasture lands.

£/ values are in terms of 1972 dollars.
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and the North Central (about 2 million acres).

A similar shift in income distribution occurs in the wa-
ter sector. Total consumptive use of water by agriculture
ranges from 55 million acre feet under the unrestricted and
10 ton restriction alternatives, to 49 million acre feet
under the 5 ton restriction and back to 53 million acre feet
under the 3 ton restriction, Tables 52, 53, 54 and 55. The
major river basins most affected by the change in water use
include the Arkansas-White-Red with a decline in consumptive
use from 4.0 million acre feet under the unrestricted alter-
native to 2.7 million acre feet under the 3 ton restriction.
The California-South Pacific experiences a fluctuation, espe-
cially under the 5 ton restriction when water use in the area
drops by 6 million acre feet from the less restrictive alter-
natives and then regains use of 5 million acre feet under the

3 ton restriction.

Nitrogen_balances

Otilization of nitrogen provides an additional evalua-

tion of resource use. The nitrogen balance restraints in the
model prevent any regional accumulation of livestock wastes
and encourages the use of legume crops in rotation wvith the
nonlegume crops. The total utilization of nitrogen increases
slightly as the level of soil loss restriction is reduced,
Table 56. This is consistent with the higher yields per acre

and the higher commodity prices making fertilizer, at a set
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Withdravals and consunptive use of water in
the wvestern river basins with unlimited soil
loss and 69-71 average exports in 2000 (Model

Table 52,

A)
e——-__Projected 2000 _______________
Total Municipal &
River basin 1965§/Aqricu1tuce industriaﬁﬂ stherS/ Total
(000 acre feet per y=ar)
Withdrawals
kestern basins 151733 72283 51323 7429 131035
Missouri 21668 12961 6172 2218 21351
Ark.-white-Red 10541 5893 8395 0 14288
Texas-Gulf 18382 2182 16890 2217 19299
Rio Grande 8165 4104 1222 0 5326
U. Colorado 4500 2174 1079 198 3451
L. Colorado 7774 2815 1457 2085 6357
Great Basin 5730 1736 1034 1276 4046
Col.-N. Pacific 33191 23201 8289 1425 32915
Cal.-S. Pacific 41782 17217 6785 0 24002
Consumptive use
Western basins 75050 54947 21300 6613 82860
Missouri 11822 10027 1223 2218 13468
Ark.-white-Red 6580 4026 1400 0 5426
Texas-Gulf 8165 1466 7749 227 9uy2
Rio Grande 4632 1619 557 0 2176
U. Colorado 2220 2557 495 144 3196
L. Colorado 3862 2044 678 1851 4573
Great Basin 2524 1612 445 908 2965
Col.-N. Pacific 11785 17076 7171 1265 25512
Cal.-S. Pacific 23460 14520 1582 0 16102
2l5ource: (35A, Tables 7-3-4 and 7-3-5).

b/includes rural domestic, municipal, self-supplied
indusSFial, recraation, mining and thermal electric power.

C/Includes onsite uses and water exports out >f the
vestern basins.
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Table 53, Withdrawals and consumptive use of water in
the vestern river basins with 10 ton maximum
soil loss and 69-71 average exports in 2000

(Model B )
e———----Brojected 2000 _______________
Total Municipal &
River basin 19653/Agriculture industrialh/otharﬁ/ Total
(000 acre feet per y2ar)
Withdrawals
Western basins 151733 72560 51323 7429 131312
Missouri 21668 13217 6172 2218 21607
Ark.-White-Red 10541 5989 8 395 0 14384
Texas-Gulf 18382 2168 16890 227 19285
Rio Grande 8165 4104 1222 0 5326
U. Colorado 4500 2174 1079 198 3451
L. Colorado 7774 2755 1457 2085 6297
Great Basin 5730 1736 1034 1276 4046
Col.-N. Pacific 33191 23205 8 289 1425 32919
Cal.-S. Pacific 41782 17212 6785 0 23997

Consumptive use

Western basins 75050 55283 21300 6613 83196
Missouri 11822 10199 1223 2218 13640
Ark.~-White-Red 6580 4093 1400 0 5493
Texas-Gulf 8165 1458 7749 227 94134
Rio Grande 4632 1619 557 0 2176
U. Colorado 2220 2557 495 144 3196
L. Colorado 3862 2149 678 1851 4678
Great Basin 2524 1612 445 908 2965
Col.~N. Pacific 11785 17078 7171 1265 25514
Cal.-S. Pacific 23460 14518 1582 0 16100

alsource: (35, Tables 7-3-4 and 7-3-5).
b/tncludes rural domestic, municipal, self-supplied
industrial, recreation, mining and thermal electric power.

S/Includes onsite uses and water exports out of the
vestern basins.
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Table 54, Withdrawals and consumptive use of water in
the western river basins with 5 ton maxinum
soil loss and 69-71 average exports in 2000

(Model C )
m—ee___Projected 2000 _______________
Total Municipal g
River basin 1965§/Agriculture industrial—/OtherE/ Total
(000 acre feet per y2ar)
Withdrawals
Western basins 151733 65946 51323 7429 124698
Missouri 21668 12928 6172 2218 21318
Ark.-White-Red 10541 5649 8395 0 14044
Texas-Gulf 18382 2198 16890 227 19315
Rio Grande 8165 4107 1222 0 5329
U. Colorado 4500 2313 1079 198 3590
L. Colorado 7774 2749 1457 2085 6291
Great Basin 5730 1902 1034 1276 4212
Col.-N. Pacific 33191 22505 8 289 1425 32219
Cal.-S. Pacific 41782 11595 6785 0 18380

Consunptive use

Western basins 75050 48622 21300 6613 76535
Missouri 11822 10026 1223 2218 13467
Ark.-White-Red 6580 3740 1400 0 5140
Texas-Gulf 8165 1479 7749 227 9455
Rio Grande 4632 1608 557 0 2165
U. Colorado 2220 2649 495 144 3288
L. Colorado 3862 2152 678 1851 4681
Great Basin 2524 1742 445 908 3095
Col.-N. Pacific 11785 16666 7171 1265 25102
Cal.-S. Pacific 23460 8560 1582 0 10142

alsgurce: (35a, Tables 7-3-4 and 7-3-5).

—Includes rural domestic, municipal, self-supplied
industrial, recreation, mining and thermal electric power.

S/Includes onsite uses and water exports out of the
western basins.
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Table 55, Withdrawals and consumptive use of water in

the western river basins with 3 ton maximun
soil loss and 69-71 average exports in 2000

(Model D )
~————---BLojected 2000 ——
Tota%/ Municipal §/ ¢/
River basin 1965~" Agriculture industrial= Other-— Total
(000 acre feet per year)
Withdrawvals
Western basins 151733 69804 51323 7429 128556
Missouri 21668 13336 6172 2218 21726
Ark.-White-Red 10541 3907 8395 0 12302
Texas-Gulf 18382 1740 16820 227 18857
Rio Grande 8165 4114 1222 0 5336
U. Colorado 4500 2307 1079 198 3584
L. Colorado 7774 3189 1457 2085 6731
Great Basin 5730 2073 1034 1276 4383
Col.-N. Pacific 33191 22413 8289 1425 32127
Cal.-S. Pacific 41782 16725 6785 0 23510
Consumptive use

Western basins 75050 53091 21300 6613 81004
Missouri 11822 10317 1223 2218 13758
Ark.-White-~Red 6580 2704 1400 0 4104
Texas-Gulf 8165 1195 7749 2217 9171
Rio Grande 4632 16313 557 0 2190
U. Colorado 2220 2638 495 144 32717
L. Colorado 3862 2427 678 1851 4956
Great Basin 2524 1873 445 908 3226
Col.-N. Pacific 11785 16502 7171 1265 24938
Cal.-S. Pacific 23460 13802 1582 0 15384

érource: (354, Tables 7-3-4 and 7-3-5).

21Includes rural domestic, municipal, self-supplied
industrial, recreation, maining and thermal electric power.

CAncludes onsite uses and water exports out of the
western basins.



142

Table 56. Nitrogen sources and use for alternative levels of soil loss
restriction in 2000

Soil loss restriction
unrestricted 10 ton 5 ton 3 ton

Nitrogen source

(million pounds)

Livestock wastes 8728 8732 8752 8728
Legume crops a/ 8496 8713 8615 8939
Commercial purchase~ 6013 6053 6540 6285
Total utilized 23237 23498 23907 23952

3/1970 usage of commercial N fertilizers totaled 14,623 million
pounds.

Table 57. 1Indication of relative farm level prices for some agricultural
commodities for alternative soil loss restrictions in 2000

Soil loss restriction

Commodity unrestricted 10 ton 5 ton 3 ton
(unrestricted model = 100)
Corn : 100 100 107 106
Wheat 100 99 103 103
Soybeans 100 101 115 121
Cotton 100 100 112 125
Hay 100 99 101 106
Beef 100 100 104 105
Pork 100 100 105 104

Milk 100 100 100 102
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price, a more economically attractive input at lower soil
loss levels. Part of the increase in fertilizer nitrogen
comes from the increased acreage of legume crops and the
crop-supplied nitrogen increases from 8,496 million pounds

to 8,939 million pounds. Livestock production of nitrogen-
equivalent wastes remains constant near 8,700 million pounds,
since the changes in number of livestock is influenced only
by changes in productivity (given the equal demands for the
livestock products under all alternatives). The trade-off
capability of the model is exhibited in the case of the 5 ton
restriction when nitrogen from the legume crops declines and
the commercial purchase of nitrogen increases to maintain the

total utilization of nitrogen in line with trends.

Price Effects

The indications to this point in the analysis suggest 1
relatively small impact on the agricultural sactor at the na-
tional level. Regionally, the impacts are more pronounced,
especially with regard to regional and inter-resource income
distribution. Consumers constitute the remaiming group in
the system and, in most cases, are also proponents of an im-
proved environment. The results show that a reduced level >f
soil loss is technically feasible through the imposition of
appropriate per acre limits on sheet and rill erosion. The
cost to the majority of society is reflected in the changing

prices of the agricultural bill. The pricing system reflects
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little change in the price of the agricultural bill, as the
soil loss limit is initially reduced with a 10 ton restric-
tion, Table 57. A restriction on soil loss at the 5 ton
level results in all prices except milk increasing. Soybeans
and cotton increase 15 and 12 percent, respectively, above
their no soil loss restriction levels. The 3 ton restriction
further increases prices on most commodities. Commodities
such as soybeans, cotton and corm, which are included in the
more highly erosive row crops category, have larger price in-
creases than wheat. The price increases also are closely re-
lated to ile regional patterns. Cotton and soybeans are
grown extemsively in the South Atlantic and South Central
zones where crop production practices change more extensively
than in the other areas whem soil loss restrictions are
inposed. The increased price of hay is related to the oppor-
tunity cost of row crops as the hay is included in rotations
competing for the highly productive more erosive lands in the
North and South Central zones.

Livestock prices reflect the changes in the prices of
the major components of their rations. Beef production uses
high levels of corn, hay and some soybeans. Pork production
utilizes a large amount of the concentrates and thus its
price follows the price of corn. Milk production, on the
other hand, utilizes large quantities of the hays and silages

and locationally concentrates in the West and Lake States
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zones where the close-grown crops are produced. Also con-
tributing to the lower increase in price is the relatively
smaller feed cost as a proportipn of total cost for dairy as
compared to beef and pork.

The soil loss analysis indicates that the assumed de-
mands can be met with little impact on the national agricul-
tural sector and mild regional shifts. What if demand vas
greater? At what level could the conservation practices
still maintain the soil loss restrictions? The next chapter
deals with expanded demand possibilities in conjunc“ion with
a 5 ton per acre soil loss restriction. Demand is increased
through exports for wheat, feed grains and soybeans, and pro-

duction patterns and soil loss effects agaiu are evaluated.
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THE IMPACT OF “XPANDED EXPORTS

The previous section dealt with the impact within agri-
culture of alternative per acre soil loss restriction levels
when agricultural exports were at 1969-71 annual average
levels. Experieuces in 1972 and 1973 have shown the possi-
bility of greatly expanded levels for the export of feed
grains, wheat and soybeans. lence, two additional alterna-
tives are considered in conjuncticn with the 5 ton soil loss
restriction. Initially, the export levels of feed jrains,
wheat and oilmeals are doubled ifrom the 1969-71 average
annual level. Then they are increased to three times this
level, Table 58.

Table 58. The level of export of the feed grains, wheat

and oilmeals in 2000, with a 5 ton soil loss
restriction,

Export alternative

Commodity (units) 69-71 ave 2 * ave 3 * ave 19735/
(000)
Corr (bu.) 526333 1252666 1878999 1250000
Sorghum (bu.) 126666 253332 379998 190800
Barley (bu.) L8666 97332 145398 366300
Qats (bu.) 15666 31332 46998 23500
Wheat (bu.) 658719 1317438 1976157 1846600
0ilmeals (cwt.) 276407 552814 829218 317400

g/Represents exports durlng the 1972~73 crop year.
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In formulating a poalicy encouraging expanded exports,
the policy makers must consider alternative iapacts similar
to the decisions considered in determining the effects of the
soil loss restrictions. Trade-offs in environmental quality
result as greater output is developed. More land in produc-
tion means more soil loss in total and possibly per acre if
the new lands are not equally capable of receiving erosion
control management. Also, greater quantities of inputs must
be utilized, thus increasing the application of pesticides
and fertilizers on a regional basis, if not on a per acre

basis also.

Production Patterns Under Expanded Exports

Agricultural land use increases from 613 million under

the 5 ton average export model to 653 million acres acres
when exports are doubled and to 702 million acres vhen
exports are tripled, Table 59. Even though the increased
exports were of the commodities associated with the row crop
and close-grown crop categories, all acreage categories in-
crease as exports are expanded. Rotation roughage crops in-
crease as more erosive land is brought into production and
the roughage is grown in rotation with the required crops.
Even with the increase in rotation roughage crops the
nonrotation or permanent roughage crops also increase in
acreage indicating a greater roughage level in livestock

rations as some of the grains previously fed are now allocat-



148

Table 59. National production of row crops, close-grown
crops, rotatlon roughage crops, and permanent
roughage crops with a 5 ton soil loss restriction
and alternative export levels in 2000.

Export _alternative
Land use 69-71 ave. 2 * ave 3 * ave
(000 acres)

Acres cultivated 258882 295047 337299
row crops 136035 159308 174495
close~grown crops 73478 8hill 91746
rotation roughage

crops 49369 51328 70988

Permanent roughage

crops 3347354 349349 354418
Summer fallow and

exogenous crops 7788 8197 10316
Total agricultural

lands 613310 652593 702033

Table 60. Acreage of cultivated land by region with a 5 ton
sol1 loss restriction and alternative export
levels in 2000.

Regl Export alternative

egion 69~71 ave. 2 * ave 3 * ave

(000 acres)

Nationa1?/ 258882 295049 337299

North Atlantlc 6680 8187 10742

South Atlantic 10225 14401 18088

North Central 114340 127725 138711

South Ceritral 661412 70409 78705

Great Plains 35367 46409 59437

North West 11603 12357 14494

South West 14487 15561 17055

E/Total does not sum due to rounding in the regional part.
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ed to the export market. The summer fallow and exogenous

crop category increases, Table 59, and with the fixed level
of exogenous crops, this indicates an increase in summer
fallow as the expanded agricultural plant moves to areas
vhere summer fallow rotations are advantageous for produc-

tion.

Regionally, the increased cultivated land concentrates
more in the South Atlantic and Great Plains zones, Table 60.
Nationally, cultivated acreage increases 14 percent as
exports are doubled and an additional 14 percent as exports
triple. Given the 5 ton soil loss restriction, the South
Atlantic zone would gain the most from a doubling of exports
as its cultivated acreage increases by 41 percent compared to
31 percent in the Great Plains, 23 percent in the North
Atlantic, and only 12 percent in the North Central zones.
Tripling exports of the feed grains, wheat anl oilmeals indi-
cates the capacity restraints in most zones, as those zones
with the major increases under the doubling export alterna-
tive experience a reduced absolute and percentage increase in
acreage with the further increase in exports. The North Cen-
tral zone, where production concentrated under the soil loss
restrictions, and the associated lover export levels, in-
creases its acreage only 12 percent as exports double and

then only an additional 9 percent as the exports triple.
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Similar changes occur in the South Atlantic and Great Plains
while the North Atlantic, South Central and Western zones in-
crease proportionately more after exports double, Table 60.

Irrigatsd lands for all uses increase from 29 million
acres under the 5 ton average export model, Table 33, to 30
million acres when exports are doubled, Table 61, and to 33
million acres as exports are tripled, Table 62. This repre-
sents only an initial 3 percent and subsequent 10 percent in-
crease in irrigated acreage as exports increase, compared to
a 14 percent increase for total cultivated acreage at each
subsequent increase of exports. Most of the increase in ir-
rigated acreage is for close-grown crops with minor changes
for other cropping uses. The small increase in acreage for
the row crops occurs on the class I and II laand while the in-
crease in irrigated acreage of close-grown Crops OCCuUrs on
all land classes, with the other III and IV class experienc-
ing the largest percentage increase.

Regionally, the pattern shifts as the increase in irrig-
ated row crops occurs in the Great Plains and the South Cen-
tral wvhile the Western zones have reductions in irrigated row
crop acreage. No zone has a decline in total irrigated acre-
age. The Great Plains has a reduction in irrigated pasture,
moving water to higher valued uses, while the North West has
an increase in irrigated pasture as exports of wheat, feed

grains and oilmeals increase.
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Table 61, Irrigated acreages in major zones vwith 5 tom
maximum soil loss and double 69-71 exports in
2000 (Model E)

Zone and Close All

soil class Row grown hay Pasture Other Total

(000 acres)

United States 7096 7874 12341 931 1619 29861
I,II 5517 4096 4906 0 948 15467
I1IE,IVE 579 1412 626 0 205 2822
Other III,IV 976 2364 693 0 uuy 4477
V-VIII 24 2 0 0 22 48

North Atlantic 0 0 0 0 0 0
I,II 0 0 0 0 0 0
IIIE, IVE 0 0 0 0 0 0
Other III,IV 0 0 0 0 0 0
V-VIII 0 0 0 0 0 0

South Atlantic 0 0 0 0 0 0
I,IY 0 0 0 0 0 0
IIIE,IVE 0 0 0 0 0 0
Other III,IV 0 0 0 0 0 0
V-VIII 0 0 0 0 0 0

North Central 2 0 445 0 0 uy7
I,I1 2 0 336 0 0 3i3s
ITIE,IVE 0 0 0 0 0 0
Other III, IV 0 0 109 0 0 109
V-VIII 0 0 0 0 0 0

South Central 1110 995 407 0 92 2604
I,II 952 632 304 0 91 1979
IIIE,IVE 47 70 80 0 1 198
Other III,IV 111 292 5 0 0 408
V-VIII 0 1 0 0 0 1

Great Plains 2939 1525 7042 464 8 11978
I,II 2330 8136 2485 0 3 5654
IITIE,IVE 342 451 271 0 3 1067
Other IIXI,IV 261 238 373 0 2 874
V-VIII 6 0 0 0 0 6

North West g7 2117 2189 420 701 6874
I,II 933 1062 682 0 457 3127
II1IE,IVE 122 467 260 0 100 949
Other III,IV 379 587 193 0 140 1299
V-VIII 13 1 0 0 1" 25

South West 1598 3237 2258 47 B18 7958
I,I1 1300 1566 1099 0 404 4369
IIIE,IVE 68 424 15 0 101 608
Other III,IV 225 1247 13 0 302 1787
V-VITII 5 0 0 0 1 16

——-——--——-——_-——--—---—--——---——---——-————-—--—--—-------—-——-

E/Including other hay and cropland pasture.
b/summer fallow lands and orchards and vineyacrds.
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Table 62. Irrigated acreages in major zones with 5 ton
maxinum soil loss and triple 69-71 exports in
2000 (Model F)

Zone and Close All

soil class Row grown hayﬂ/ Pasture other®/ rotal

(000 acres)

United States 7702 9480 12872 1300 1619 32973
I,II 6181 4500 4507 0 948 16136
ITIE,IVE 568 1801 964 0 205 3538
Ot her III,IV 929 31717 1011 0 444 5561
V-VIII 24 2 3 0 22 51

North Atlantic 0 0 0 0 0 0
I,II 0 0 0 0 0 0
IIIE, IVE 0 0 0 0 0 0
Other III,IV 0 0 0 0 0 0
V-VIII 0 0 0 0 0 0

South Atlantic 0 0 0 0 0 0
I,II 0 0 0 0 0 0
IIIE,IVE 0 0 0 0 0 0
Other III,IV 0 0 0 0 0 0
V-VIII 0 0 0 0 0 0

North Central 20 0 435 0 0 455
I, 1T 20 0 326 0 0 346
II1E,IVE 0 0 0 0 0 0
Other III,IV 0 0 109 0 0 109
V-VIII 0 0 0 0 0 0

South Central 1035 1037 447 0 92 2611
I,II 873 671 343 0 91 1978
ITIE,IVE 48 70 81 0 1 200
Other III,IV 114 295 5 0 0 414
V-VIII 0 1 0 0 0 1

Great Plains 3781 1933 6830 470 3 13022
I,II 3201 857 1991 0 3 6052
ITIE, IVE 313 603 537 0 3 1456
Other III,IV 261 473 388 0 2 1124
V-VIII 6 0 1 0 0 7

North West 1356 2945 2819 781 701 8602
I,II 882 1117 681 0 450 3130
ITIE, IVE 132 665 317 0 100 1214
Other III,IV 329 1162 496 0 140 2127
V-VIII 13 1 0 0 1 25

South West 1510 3565 2341 49 316 8283
I,II 1205 1855 1166 0 404 4630
IIIE,IVE 75 463 29 0 101 668
Other III,IV 225 1247 13 0 302 1787
V=-VIII 5 0 2 0 1 18

- —— . P G S - R G e Y YR TE D S S G0 WM R WS WO Th GR NS GNP W TR EE Y P AR WD WD R WD Em Mn T ¢ W @B GE R W W W M

E/Including other hay and cropland pasture.
b/synmer fallow lands and orchards and vineyards.
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Dryland row crops concentrate on less erosive lands and
into regions which have the conparative advantage in their
production. The acreage of row crops in the North and South
West zones declines as the export levels increase but the
total cultivated lands are not decreased as these regions
have a substantial increase in the acreage of the close-grown
crops, Tables 30, 63 and 64. In the South West, even with
the decline in total row crop acreage, there is an increase
in acreage of row crops on class I and II lanis as exports
increase. The acreage of close-grown crops increases in a i
regions as exports increase. In many zones the largest pro-
portion of the increase is on the IIIE and IVE and other III
and IV land groups. This is consistent with the erosive
characteristics of the close-grown crops and the erosion po-

tential of the lands.

Average_yields

Increased exports and expanded production levels affect
yields, since different land classes and regions shift be-
tween dryland and irrigated patterns. Average yields of most
crops decline as exports increase. With doubled exports,
yield increases are experienced by barley as regional shifts
put this crop on higher yielding class IIIE and IVE lands,
which in turn offset the decline in irrigated yield, Tables

38 and 65. Corn silage also increases in yield as it is
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Table 63, Dryland acreages in major zones with 5 ton
maximum soil loss and double 69-71 exports in
2000 (Model E)
Zone and Close Alla/ b/
soil class Row grown hay=" Pasture Other=" Total
(000 acres)
United States 152212 76537 74800 312605 6578 622732

I,II 110722 39822 31198 0 1714 183456
IITIE,IVE 20351 26510 17121 0 2023 66005
Other III,IV 20922 9905 80u6 0 2600 41473
V-VIII 2117 300 231 0 241 989
North Atlantic 5010 31406 2299 6u57 295 17207
I,II 3824 2130 577 0 137 6668
IITE,IVE 265 959 172 0 81 1477
Other III,IV 906 54 109 0 45 1114
V-VIII 15 3 0 0 32 50
South Atlantic 13447 1411 3386 26674 1605 46523
I,I1I 9655 907 1734 0 229 12525
IIIE,IVE 976 309 389 0 70 1744
Other III,IV 2732 192 29 0 1166 4119
V-VIII 84 3 0 0 140 227
North Central 94839 20828 21267 33279 215 170428
I,II 73184 15593 9546 0 70 98393
IIIE,IVE 11026 3991 4980 0 54 20051
Other III,IV 10603 1226 833 0 70 12732
V-VIII 26 18 0 0 21 65
South Central 26359 20614 26421 107825 782 182001
I,II 14952 8860 10646 0 206 34664
IIIE,IVE 6468 6980 6880 0 221 20549
Other III,IV 4916 4710 5801 0 331 15758
V-VIII 23 64 31 0 24 142
Great Plains 8942 17795 16239 43016 3407 89399
I,II 8146 8909 7281 0 1020 25356
IIIE,IVE 697 6111 2870 0 1429 11107
Other III,IV 72 2718 325 0 958 4073
V-VIII 27 57 0 0 0 84
North West 404y 6796 3231 27013 219 37663
I,II 146 1155 1055 0 37 2393
IIIE,IVE 37 4657 515 0 145 5354
Other IIIL,IV 207 968 84y 0 23 2042
V-VIII 14 16 23 0 14 67
South West 3211 5947 1957 68341 55 79511
I,II 815 2268 359 0 15 3457
IITE,IVE 882 3503 1315 0 23 5723
Other III,IV 1486 37 105 0 7 1635
V-VIII 28 139 177 0 10 354

E/Including other hay and cropland pasture.
b/summer fallow lands and orchards and vineyards.
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Table 64, Dryland acreages in major zones with 5 ton

maximum soil loss and triple 69-71 exports in
2000 (Model F)

Zone and Close All, b/
soil class Row grown hay— Pasture Other— Total

L e R e W N WD S AP S TS i WD Gh @S T AB D WP R WS D W R WP G G S ED G M S A S S S R LD G A Wh ST e - W G Ee W WD AR GBS W W WD A

(000 acres)
United States 174495 91746 76233 317889 85697 669060

I,II 117651 41448 23743 0 1353 184795
IITE,IVE 29079 32865 22039 0 2769 86752
Other III,IV 27363 17071 10123 0 3734 58291
V-VIII 402 362 726 0 241 1731
North Atlantic 7043 3342 37179 6416 295 20875
I, II 4589 1635 438 0 137 6799
ITIE,IVE 611 1397 634 0 81 2723
Other III,IV 1828 307 108 0 45 2288
V-VIII 15 3 0 0 32 50
South Atlantic 16238 1739 4082 28740 1605 52404
I, II 10641 1070 1219 0 229 13159
IIIE,IVE 1521 421 1168 0 70 3180
Other IIL,IV 3992 245 322 0 1166 5725
V-VIII 84 3 0 0 140 2217
North Central 104479 25995 17423 28795 215 176907
I,II 77207 16319 5590 0 70 99186
ITIIE, IVE 15040 5636 4656 0 54 25386
Other III,IV 12048 3936 923 0 70 16977
V-VIII 184 104 346 0 21 655
South Central 32258 21799 26933 107087 1575 189652
I,II 16322 8529 9622 0 251 34724
ITIE,IVE 7937 7673 7932 0 518 24060
Other III,IV 7949 5490 6156 0 782 203717
V-VIII 50 107 59 0 24 240
Great Plains 11483 24142 17932 44001 4779 102337
I,II 8026 10409 5619 0 1214 25268
IIIE,IVE 3051 47y 5691 0 1924 20140
Other III,IV 379 4195 832 0 1641 7047
V-VIII 27 64 27 0 0 118
North West 335 7505 3679 29398 173 41090
I,II 77 1275 1044 0 37 2433
ITIE,IVE 37 4708 643 0 99 5487
Other III,IV 207 1506 1156 0 23 2892
V-VIII 14 16 42 0 14 86
South West 2659 1224 2405 73452 55 85795
I,II 789 2211 211 0 15 3226
IIIE,IVE 882 3556 1315 0 23 5776
Other III,IV 960 1392 626 0 7 2985
V-VIIX 28 65 252 0 10 355

P — - — - —— - - D - iy > A = . G A . - = e G B =D > WE B v W M AP G W e o wm e em e

f/Including other hay and cropland pasture.
—/Summer fallow lands and orchards and vineyards.
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Table 65. Acreage and average yield of crops by land
class in the United States with 5 ton maximunm
soil loss and double 69-71 exports in 2000

(Modal E)
Crop and cemm———--ACLE20E Yield ______
land class Dryland Irrig. Total Dryland Irrig. Total
Barley (000 acres) (bu. /7acre)
I,II 3463 832 4295 68.9 83.3 71.7
ITIIE,IVE 4119 223 4342 63.3 56.5 63.0
Other IIL,IV 1915 1427 3343 47.5 61.5 53.5
V-VIII 0 0 0 0.0 0.0 0.0
Total 9497 2482 11979 62.2 68.4 63.4
corn grain (000 acres) (bu. 7acre)
I,IT 48037 1909 49946 120.8 148.0 121.8
IIIE,IVE 8881 154 9036 109.3 89.8 109.0
Other III,IV 6628 91 6719 88.1 97. 1 88.2
V-VIII 0 0 0 0.0 0.0 0.0
Total 63546 2155 65700 115.8 141.7 116.6
Corn silage (000 acres) (tons/acre)
I,II 2174 169 2344 14.6 17.4 14.8
IIIE,IVE 184 41 225 12.6 12.9 12.6
Other III,IV 129 61 189 10.9 13.3 11.7
V-VIII 0 0 0 0.0 0.0 0.0
Total 2487 271 2757 14.3 15.8 14.4
Cotton (000 acres) (bales/acre)
I,IIX 3652 331 3983 1.9 2.1 1.9
IIIE,IVE 1134 11 1145 1.7 1.2 1.7
Other III,IV 415 0 415 1.5 0.0 1.5
Total 5201 342 5543 1.8 2.0 1.8
Legume hay (000 acres) (tonssacre)
I,II 19202 4625 23827 3.8 7.3 4.5
IIIE,IVE 11164 466 11630 3.1 4.1 3.2
Other IIIL,IV 6208 562 6770 3.7 4.8 3.8
V-VIII 36 0 36 4.0 0.0 4.0
Total 36610 5653 42263 3.6 6.8 4.0
Nonlegume hay (000 acres) (tons/acre)
I,II 11995 281 12276 2.4 2.9 2.4
IIIE, IVE 5957 160 6117 2.2 2.3 2.2
Other IIL,IV 1838 131 1968 2.1 1.4 2,1
V-VIII 194 0 194 1.2 0.0 1.2
Total 19984 572 20556 2.3 2.4 2.3
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Crop and
land class

Oats
I,II
ITIIE,IVE
Other III,IV
V-VIII
Total
Sorqghum 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,I1
IITE,IVE
Other III,IV
V-VIII
Total
Sugar beets
I, 11
IIIE, IVE
Other III,IV
V-VIII
Total
Wheat
I,II
IIIE,IVE
Other III,IV
V-VIII
Total

Other hay
Total

Pasture
Total

(Continaned)
c—————-ACCEage

Dryland Irrig.
(000 acres)
4427 313
2245 31
569 53
46 0
7287 396
(000 acres)
6133 869
1638 48
3838 69
0 1
11609 986
(000 acres)
1671 19
349 0
107 7
0 0
2127 26
(000 acres)
43370 173
7081 6
7560 2
0 0
58011 182
(000 acres)
1072 293
0 36
115 83
0 0
1187 412
(000 acres)
30086 2661
19353 1137
6338 278
149 0
55926 4076
(000 acres)
18205 6117
(000 acres)
312605 931

4739
2276
622
u6
7683

7001
1686
3907
1
12596

1690
349
114

0

2153

43543
7087
7563

0

58193

1365
36
198
0
1599

32747
20490
6616
149
60003

24321

313537

(bu. racre)
73.5 84,7
52.1 63.7
64.1 70.6
14.4 0.0
65.8 81.2

(bu./acre)
70.5 128.6
38.1 74,2
45.4 60.9

0.0 37.0
57.6 121.1

(tons/acre)
11.7 26,0
10.3 0.0

9.0 13.0
0.0 0.0
11.3 22.6

(bu. 7acre)
43.8 S4.7
38.7 35.4
37.2 41.1

0.0 15.9
42.3 53.9

(tons/acre)

17.9 23.6
0.0 19.3
21.0 20.6
0.0 0.0
18.2 22.6

(bu. 7acre)
37.7 63.7
32.8 45.6
38.1 52.4
13.4 0.0
36.0 57.9

(tons/acre)

1.7 3.6

(tons/acre)

0.6 2.8

74.2
52.3
64.6
14.4
66.6

77.7
39.2
45.6
37.0
62.6

1
1

NO N WD

1‘
0.
9.
0.
11.
43.9
38.7
37.2

15.9
42.4

19.1
19.3
20.8

0.0
19.3

39.8
33.5
38.7
13.4
37.5

2.2
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shifted to class I and II lands. The yield increase for
silage also occurs as total acreage declines from 5.5 million
acres under average exports to 2.8 million acres under
doubled exports. Bemaining silage production is located on
the lands where it is the nost productive. Sorghum yields
increase as more of it is produced on class I and II lands
for both dryland and irrigated production. Yields do not
continue to increase as exports move up from iouble to triple

the 1969-71 level, Tables 65 and 66.

Incr:ased exports rejuire a greater level of output

available only from greater inputs, especially land. In-
creased use of land results in a higher soil loss level.
Under a 5 ton soil loss and average export alternative, na-
tional soil loss is 726 milliomn tous, Table 14. This in-
creases to 843 million tons under doubled exports, Table 67,
and to 974 million tons under tripled exports, Table 68.
Thus, doubling exports increases soil loss by only 16 perceat
and tripling exports increases soil loss an additional 16
percent. This compares with a 14 percent increase in
cultivated acreage as exports initially doubls and then an-
other 14 percent increase as exports triple.

The regional total soil losses follow closely the re-
gional increases in acreage, except for the North West zone

vhere a decline of 1 million tons of soil loss occurs as
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Table 66, Acreage and average yield of crops by land
class in the United states with S ton maximunm
soil loss and triple 69-71 exports in 2000
(Model F)

Crop and Acreage Yield

land class Dryland EEEiET"'ESEEI 'BEJIEHE“EEEIET“FSEZl

Barley (000 acres) (bu. 7acre)
I, II 2522 785 3307 64.8 82.6 69.0
IIIE,IVE 4321 325 4646 58.9 53.3 58.5
Other III,IV 2246 1439 3685 52.9 61.8 56.4
V-VIII 15 0 15 31.9 0.0 31.9
Total 9104 2549 11653 59.0 67.1 60.8
Corn grain (000 acres) (bu. 7acrej
I,II 50748 2391 53139 120.2 152.8 121.7
IITE,IVE 12319 141 12460 102.4 95.3 102.3
Other III,IV 9256 81 9337 82.6 90.7 82.7
V-VIII 94 0 94 51.9 v o0 51.9
Total 72417 2613 75030 112.3 147.8 113.5
corn silage (000 acres) (tons/acre)
I,II 862 72 934 16.0 16.6 16.1
IIIE,IVE 152 30 182 12.9 15.7 13.4
Other III,IV 127 48 174 9.0 12.8 10.1
V-VIII 0 0 0 0.0 0.0 0.0
Total 1141 149 1290 14.8 15.2 14.9
Cotton (000 acres) (bales/acre)
I,IX 3720 310 4030 1.9 2.0 1.9
IIIE,IVE 1103 12 1115 1.6 1.1 1.6
Other III,IV 684 0 684 1.1 0.0 1.1
Total 5507 322 5829 1.7 2.0 1.7
Legume hay (000 acres) (tons/acre)
I,IT1 15557 4150 19707 3.9 7.3 4.6
IIIE,IVE 14954 688 15642 3.1 4.2 3.1
Other III,IV 7771 894 8665 3.6 4.4 3.6
V-VIII 68 3 71 3.8 3.6 3.8
Total 38350 5735 44085 3.5 6.5 3.9
Nonlegume hay (000 acres) (tons/acre)
I,II 8185 358 8542 2.4 2.9 2.4
IITE,IVE 7084 276 7359 2.0 2.4 2,0
Other III,IV 2353 116 2469 1.9 1.9 1.9
V-VIII 658 0 658 1.4 0.0 T.4
Total 18279 750 19029 2.1 2.5 2.1
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Crop and
land class

Oats
I,.I
I1IE, IVE
Other III,IV
V-VIII
Total
sorghum grain
I,II
IIIE,IVE
Other 1II,IV
V-VII
Total
sorghum silage
I,II
IIfE,IVE
Other ITII,IV
V-VIII
Total
Soybeans
I,II
IIIE,IVE
Other IIX,IV
V-VIII
Total
Sugar beets
1,II
IIIE,IVE
Other III,IV
V-VIII
Total
Wheat
I,II
TITE,IVE
Other III,IV
V-VIII
Total

Other hay
Total

Pasture
Total

(Continued)
....... Acreage

Dryland Irrig.
(000 acres)
3992 313
2975 33
1145 15
136 0
8249 362
(000 acres)
7029 895
2741 iy
3868 73
47 1
13685 1013
(000 acres)
121 10
76 0
54 7
0 0
1551 17
(000 acres)
48142 458
11605 6
11130 2
4y 0
70920 466
(000 acres)
1115 293
0 52
115 54
0 0
1230 399
(000 acres)
33086 3113
24776 1423
12596 1118
105 0
70563 5654
(000 acres)
19602 6387
(000 acres)
317889 1301

4306
3008
1161

136
8611

7925
2785
3941
u8
14699

1432
76
61

0

1568

48600
11610
11132

45
71387

1407
52
169
0
1628

36199
26198
13714

105
76216

25990
319190

(bu. 7acre)

74.7 84,8
54.5 62.9
55.2 47.7
26. 4 0.0
63.9 81.2
(bu. Z7acre)
72.0 121.1
41.0 71.5
47.2 61.3
33.9 37.0
58.7 114.5
(tons/acre)
10.8 26.0
9.6 0.0
13.2 13.0
0.0 0.0
10.8 20.8
(bu. 7acre)
43.9 56.5
38.1 35.4
36.4 41. 1
14.6 15.9
41,7 56.2
(tons/acre)
17.6 23.3
0.0 19.6
21.0 18. 4
0.0 0.0
17.9 22.2
(bu. 7acre)
38.3 62.5
32.1 45.8
32.4 51.1
19.8 32.0
35.0 56. 1
(tons/acre)
1.7 3.6
(tons/acre)
0.6 2.8

75.5
S54.6
55.1
26.4
64.6

77.5
41.5
47.5
33.9
62.5

10.9
9.6
13.2
0.0
11.0

44,0
38.1
36.4
14.6
41.8

18.8
19.6
20.2

0.9
19.0

40.4
32.8
34.0
19.8
36.6

2.2
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Table 67. Total soil erosion on cultivated lands in major
zones with a 5 ton soil loss restriction anda/
double 1969-71 average level exports Ln 2000-

Land Class

other
Zone I,II 1IIIE-IVE ITI-Iv V-VIII Total

(million tons)

United States 517 214 111 1 843
North Atlantic 21 6 3 0 30
South Atlantic 36 5 8 0 49
North Central 262 71 32 0 365
South Central 115 80 59 0 254
Great Plains 60 23 3 0 86
North West 6 11 2 0 19
South West 16 19 5 0 40

2f‘or all cultivated crops including rotation hay.

Table 68. Total soil erosion on cultivated lands in major

szones with 4 5 ton soil loss restriction and

triple 1969-/1 average level exports in 20002/

Land Class

Zone other
I,IT ITIE-IVE TII-IV V-VIII Total

(million tons)
United States 527 287 156 4 974
North Atlantic 22 11 8 0 42
South Atlantic 36 10 13 0 59
North Central 269 97 36 2 404
South Central 114 94 78 1 287
Great Plains 63 46 10 0 119
North West 6 10 4 0 20
South West 16 18 8 1 43
a/

For all cultivated crops including rotation hay.
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exports levels are doubled, Tables 14 and 67. The decline in
the North West occurs while cultivated acreage increases by
754 thousand 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 has the
largest percent increase in soil loss, 62 percent, as exports
are doubled, compared to only a 31 percent iacrsase in acre-
age, Table 60. When exports increase to three tinmes the av-
erage level, soil loss increases only 38 percent in the Great
Plains, Table 68, compared to a 28 percent increase in acre-
age, Table 60.

The increase in total soil loss from land classes IIIE
and IVE in most regions is more than proportionate to the in-
crease in acreage on the land class., Land classes I and II
do not have proportionate increases in total soil loss.

These shifts are consistent with the relative erodibility of

soils in the various regions. The IXIIE and IVE lands are in-
éorporated into production under higher exports in the South

central, North Central and South Atlantic regions where ero-

sion is already high. The class I and II lands are incorpo-

rated in the Great Plains and the North and South West zones

vhere erosion is lowver.

On a per acre dasis at the national level, soil loss in-
creases by 0.1 tons per acre as exports double. By land

class, increase in per acre soll loss occur only on the
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class IIIE and IVE (0.1 toms) and class V-VIII (0.3 tonmns),

Tables 20 and 69. This is consistaent with tha arodibility
characteristics of these land classes and the utilization of
mnore of the regionally less productive lands. The declines
in per acre soil loss in the North West and the small in-
crease in the South Atlantic and North Central, where large
acreages exist, influence the national weighted average such
that it reflects very little change in per acre soil loss
(0.1 tons per acre).

Tripled exports result in no further increase in average
national per acre soil loss, even though a large increase,
1.2 tons per acre, occurs on the V-VIII land class, Tables 69
and 70. The reason for the small change is the relatively
small acreage of this land group and the small changes in the
other land classes. Regionally, tripled exports reduce aver-
age per acre soil loss in the South Atlantic below the
doubled export level, Table 71.

The 5 ton soil loss situation in combination with export
increases has a major effect on the farming practices
utilized for the increased production. Doubling exports in-
creases cultivated acreage by 14 percent but conventional
tillage methods increase by only 10 percent, Tables 27 and
72. Within the conventional tillage practices, straight-row
farming increases by only 3 percent while contouring in-

creases 16 perceant and strip cropping-terracing increases by
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Per acre soll erosion on cultivated lands in major

zones with 5 ton soil loss restriction and double
1969-71 average level exports in 2000

Land class
Zone other
1,II IIIE-IVE III-IV V-VIII  Average
(tons per acre)

United States 2.7 3.2 2.8 1.8 2.9
North Atlantic 3.5 4.6 3.3 0 3.9
South Atlantic 3.4 3.6 3.5 0 3.4
North Central 2.8 3.6 2,7 0 2.9
South Central 3.2 4.0 4.0 1.1 3.6
Great Plains 2.0 2.0 0.5 0 1.8
North West 1.5 1.9 0.9 2.1 1.6
South West 2.5 3.2 1.9 1.9 2.6

Table 70.

Per acre soil erosion on cultivated lands in major

zones with 5 ton soil loss restriction and triple
1969-71 average level exports in 2000

Land class
Zone other
I,I1 IITIE-IVE III-IV V-VIII Average
(tons per acre)

United States 2.8 3.2 2.7 3.0 2.9
North 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 1.9 2.8 3.6
Great Plains 2.1 4.5 1.2 3.1 2.0
North West 1.4 1.8 0.9 3.3 1.4
South West 2.5 3.0 1.8 1.7 2.5
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29 percent. In absolute values, conventional tillage in-

creases by 20.6 nmillion acres while the reducad tillage al-

ternatives increase by 15.5 million acres.

Table 71. Average acre soil loss under alternative soil conservation
practices with a 5 ton soil loss restriction and alternative
export levels in 2000

Export alternative

Conservation practice 69-71 ave 2 * ave 3 % ave

(tons per acre)

Conventional tillage

straight row 2.5 2.5 2.4

contouring 3.1 3.1 3.1

strip crop-terracing 3.3 3.3 3.1
Reduced tillage

straight row 2.7 2.9 3.0

contouring 3.7 3.7 3.8

strip crop-terracing 2.9 3.0 3.3

Tripled exports increase cultivated acreage by a further
14 percent and conventional tillage by an additional 11 per-
cent, Table 73. Within the conventional tillage practices
straight row farming does not increase, contouring increaées
12 percent and strip cropping-terracing increases by 42 per-
cent. Undor reduced tillage practices straight row acreages
increase 17 percent, contouring 20 percent and strip

cropping-terracing by 42 percent.

BRegional and land class land-use patterns do not neces-

sarily follov the national pattern. Under the doubling of

grain exports, the increase in straight rovw farming occurs

mostly on the other III and IV land class, while most of the
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Acreages under conservation practices in major
zones with 5 ton maximum soil loss and double
69-71 exports in 2000 (Nodel E )&/

(000 acres)

United States
I,I1I
ITIIE, IVE
Other III,IV
V-VITII

North Atlantic
1,11
ITIE,IVE
Other IIIL,IV
V-VIII

South Atlantic
I,II
IITIE,IVE
Other III,IV
V-VIII

North Central
I,II
IIIE,IVE
Other III,IV
V-VIII

South Central
I,I1
IIIE,IVE
Other III,IV
V-VIIIX

Great Plains
I,II
ITIE,IVE
Oother III,IV
V-VIII

North West
I,II
IIIE,IVE
Other IXII,IV
V-VIII

South West
I,II
IIIE,IVE
Other IIIL,IV

133449
85140
29092
18791

427
2614
2011

246

358

0
2536
2293
113
130
0
48297
37237
6156
4903
0.
26865
17450
5386
3943
85
28904
15947
8575
4383
0
9366
4258
2766
2317
26
14868
5945
5851
2756
316

45304
23747
10013
11544
0
3098
214
652
302

0
3474
1958
847
669

0
3789
2271
609
910

0
21506
7439
u664
9403
0
12371
9935
2176
260

0
1066

28354
20151
5740
2463
0

154
141

0

14

0
1520
1120
320
80

0
23822
16548
4928
2347
0
1191
690
489
12

0
1667
1653

s
COCOOOOOOOOOF

25743
20169
4215
1359
0

252
252

19094
10928
5545
2621

318
318

1759
1719
39

15677
8524
4559
2594

1341
684
629

[§]
COOCOOCODOOOOOOOO ™

2/por all cultivated crops

including rotation hay.
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Table 73. Acteajes under conservation practices in major
zones wilh 5 ton maximum soil loss and triple
69-71 exports in 2000 (Model F )&/

~-Conventional tillage ____ Reduced tillage __
Zone and Str. Contour S. crop Str. CTontour S. crop
soil class row only terrace ro only tarrace

- G WS e e S D W 4 T S D S WD M S D D TP Wm W W fm M G e M TR mm YR TS T M Sm e e e e e W Sk G S G AR W e M G e - e . e v e

(000 acres)
United States 133298 48190 64500 33299 30339 27113

I,II 74528 29400 29318 22826 23010 11830
IIIE,IVE 30350 14322 18567 7090 5524 11698
Other IIT,IV 27902 44903 16615 3305 1783 3584
V-VIIY 518 6u 0 68 522 0
North Atlantic 2593 2996 4256 382 139 376
I,II 1565 1770 2453 216 139 0
IIIE, IVE 421 319 1466 5 0 318
Other III,IV 608 907 337 161 0 58
V-VIII 0 0 0 0 0 0
South Atlantic 1142 4548 4301 3654 1532 2911
I, I 592 3371 2283 1886 762 2631
IIIE, IVE 251 215 1201 1008 0 185
Other III,IV 300 961 818 759 169 95
V-VIIIT 0 0 0 0 0 0
North Central 42764 21357 8604 24856 20440 20690
I,1I 32460 17351 3924 17023 17490 8520
IIIE,IVE 3167 2553 1849 5583 2332 9577
Other III,IV 7137 1454 2831 2181 96 2594
V-VIII 0 0 0 68 527 0
South Central 25757 14444 26708 1489 76 59 2648
I,II 15856 4989 9183 922 3565 680
IIIE,IVE 4771 8499 5695 4990 3191 1130
Other III,IV 4976 926 11831 17 902 838
V-VIII 153 30 0 0 0 0
Great Plains 33060 2254 19656 2910 1069 488
I, I 13755 1461 11476 2780 1054 0
IIIE,IVE 12523 605 7381 4 0 488
Other IXI,IV 6781 155 799 126 16 0
V-VIII 1 34 0 0 0 0
North West 11594 1925 975 0 0 0
1,11 4301 0 0 0 0 0
IIIE,IVE 3254 1925 975 0 0 0
Other III,IV 3994 0 0 0 0 0
V-VIII 45 0 0 0 0 0
South Rest 16388 667 0 0 0 0
I,II 6000 459 0 0 0 0
IIIE,IVE 5963 207 0 0 0 0
Other III,IV 4106 0 0 0 0 0
V-VIII 318 0 0 0 0 0

______ e T

2'por all cultivated crops including rotation hay.
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increase in the acreage for the other land classes OoCCUrLS in
the contouring and strip cropping-terracing alternatives.

The South Atlantic and South Central zones have a reduction
in conventional tillage-straight row farming as exports
expand. The decrease is offset by an increase in reduced
tillage and the conservation techniques, Tables 27, 72 and 73.
The conventional tillage-straight row farming practices in-
crease in the Great Plains, North West and South West. Also,
in these zones erosion is not as great a hazard and the in-
creased straight row farming occurs on all land classes.

in these three zones with the tripling of exports, reduced tillage only
amounts to 3.7 million acres, up from the 1.2 million acres under average

exports,

Resource_use patteras

Nationally, total per acre resource input for row crops
increases from $82.51 under the average level export alterna-
tive, Table 43, to $91.68 under double exports, Table 74, and
to $120.38 when exports are tripled, Table 75. Costs increase
at an increasing rate as the marginal product of the variable
inputs declines and the implied return to the more productive
fixed inputs increases. Close-grown cCrops do not increase to
a similar dollar level, but on a percentage basis the in-
crease in return for the close-grown CrLOPS is greater than
for vow clrops (16.5 percent conpared to 11.1 per:ent as

¢; purts double and S6.4 percent compared to 45.9 percent when
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Table 74, Vvalue of resource use in crop production by
major zones in the United States for 5 ton
maximum soil loss and double 69-71 exports in
2000 (Model E)

- S > S S S A WD S D D G U W W wm Pm D e TS WL S G ED G S G W N G G D G R WD R AR W S S e @S W WD MR DGR W W B SRS TS SR e e AR e

United State
Row crops2/ 29.64 0.20 6.10 38.52 5.71 11.48 91.68
Close cropsk/15.96 0.20 3.50 25.61 0.89 2.92 49.11

North Atlantic
Row crops 14.18 0.00 9.19 62.11 3.20 17.59 106.28
Close crops 13.40 0.00 6.41 42.82 1.96 14.88 79.u8

South Atlantic
Row crops 13.41 0.00 8.34 42,15 6.86 19,18 89.95
Close crops 18.44 "0.00 4.45 36.32 1.95 15.33 76.51

North Central
Row crops 35.93 0.00 5.22 36.34 6.37 12.25 96.13
Close crops 18.28 0.00 3.32 24.97 1.88 4.11 52.58

South Central
Row crops 30.43 0.05 7.35 41.75 5.21 6.51 91.32

Close crops 23.96 0.03 3.35 26.40 0.51 1.06 55.34

Great Plains
Row crops 12.25 0.86 5.87 40.72 3.68 8.69 72.09
Close crops 6.20 0.07 3.21 26.03 0.35 0.28 36.16

North West

Row crops 9.56 1.37 9.29 18.28 wuv.42 13.53 52.44
Close crops 16.14 0.18 4,17 24.86 1.03 4.83 51.22

South West
Row crops 13.30 3.69 6.19 30,69 2.07 3.03 59,00
Close crops 12.71 1.45 3.05 17.56 0.06 2.33 37.18

a/1ncludes corn,cotton,sorghum,soybeans and sugar beets.
b/ 1ncludes barley,oats and wheat.

E/Valuesare in terms of 1972 dollars,
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Table 75. value of resource use in crop production by
major zones in the United States for 5 ton
maximum soil loss and triple 69-71 exports in
2000 (Model F)

- - — . D - P T WD P WP M ¢ R WD P R Y Sh EP WD e G E D P N WD e PO D G S P DGR S ED S M R ED ED R T N N AR S e e

Zone-item Land Water Labor Mach Pest Other Total

- > o - - i > - S D R D G P G R D G YR R WE G TS e ST WP W G D We WD ¢t D WD e e AR G TN G D WD GD WD S GO AR WD G WS wB e W

United States

Row cropsé/ 56.38 0.27 6.03 39.94 6.13 11.60 120.38
Close cropsbk/31.51 0.22 3.53 26.03 0.95 3.62 65.89

North Atlantic
Row crops 31.88 0.00 10.09 68.60 3.74 19,10 133.43
Close crops 34.42 0,00 7.08 46.63 1.88 15.14 105,18

South Atlantic
Row crops 36.15 0.00 8.09 44.03 8.35 19.32 115.95
Close crops 39.59 0.00 4.66 36.97 4.18 16.68 102.11

North Central
Row crops 67.21 0.00 5.15 36.61 6.62 12.11 127.70
Close crops 37.88 0.00 3.34 25,22 1.92 4.53 72.92

South Central
Row crops 53.83 0.04 7.13 44.31 5.33 6.63 117.30
Close crops 41.03 0.03 3.35 26.69 0.52 1.61 73.26

Great Plains
Row crops 34.80 1.52 5.53 41.47 5.06 9.31 97.72
Close crops 18.29 0.07 3.19 26.43 0.32 2.12 50.45

North West
Row crops 14.94 1.46 7.53 15.37 0.25 13.07 52.65
Close crops 34.69 0.26 4.39 25.61 1.05 5.57 71.60

South West
Row crops 21.21 5.51 5.78 28,75 2.12 3.72 67.11
Close crops 22.70 1.57 3.08 17.86 0.08 1.78 47.08

a/Includes corn,cotton,sorghum,soybeans and sugar beets.
b/includes barley,oats and wheat.

£ Values are in terms of 1972 dollars.
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exports increase from average to triple).

Most of the increase in return per acre results from the

increased return to land. For row crops and as exports
double, the $9.17 increase in per acre resource use results
from an $8.50 increase in the return 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 result of the
large increase in total cultivated acres over which a small
increase in water is allocated. In the zones where water is
used, the per acre return to water reflects its greater use
and value as its return increases.

Regional 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 North Cen-
tral zone and 13.0 percent in the South Atlantic. The North
Central and South Atlantic have almost equal percentage in-
creases in tontal returns; howvever, in the North Central
$10.99 of the $11.58 increased total return goes to lani
vhile in the South Atlantic only $4.65 of the $10.35 total
increase goes to land. The remainder of the South Atlantic's
increased return goes to the machinery, pesticide and other
(fertilizer) categories. 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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that the return to the other category increases and for

close-grown crops is no longer negative as occurred with the
average export alternative. This indicates a surplus demand
situation for nitrogen wastes as opposed to the surplus sup-
ply situation which existed under the average exports and 5

ton soil loss restriction.

The total return to each of the resources utilized in
the agricultural sector increases as exports are expanded,
except water when exports are doubled, Table 76. The reduced
value of water results as land class and regional patterns
shift the high-valued row crops out of the irrigated areas
and substitute the lower-valued, close-grown crops. Also as
land use increases the regional competitive advantage shifts
to place more of the return on the proav~tive land and if wa-
ter is not the scarce resource, the returns are bid away from
the water sector, causing a lower per unit value and a lower
total return to the water sector. As exports triple, the de-
pnand for water increases further as essentially all irrigated
land is utilized. Water then becomes a scarce resource in
some regions. Returns to all agriculturally relatel sectors
increase by 31 percent in total as exports double and 100
percent as they triple.

Land is the relatively larger gainer in return as

exports are increased. The return to land increases by 66



Table 76. Returns to the national resource sectors of agriculture from the produc-
tion of row crops and close-grown crops with a 5 ton soil loss restric-
tion and alternative levels of exports in 2000.

Export level
crop Land Vater Labor Mach Pest Other Total

(million dollars)

Ave. 1969-1971

YOW Crops 2876 44 870 5059 748 1623 11220

close crops 766 16 247 1825 sS4 186 3094

total 3642 60 1117 6884 802 1809 14314
2 * average

TOW CTops 4722 32 972 6137 910 1829 14605

close crops 1347 17 295 2162 75 246 4145

total 6069 49 1267 8299 985 2075 18750
3% average

TOW Crops 10272 49 1099 7277 1117 2113 21933

close crops 3190 22 357 2635 96 366 6670

total 13462 71 1456 9912 1213 2473 28603

€Ll
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percent as exports double and by 270 percent as exports
triple. The pesticide sector receives the next largest rela-
tive gain with a 22 percent increase with doubled exports and
a 51 percent increase if exports triple. Total returns for
the labor sector increases by only 13 percent as exports
double and by only 30 percent if exports triple. Returns to
all agriculturally related sectors increase by 31 perceat ia
total as exports double and 100 percent as they triple. Sinm-
ilarity in returns to labor, machinery, pesticide and "other"
sectors results from their fixed per acre value. Increases
in their share >f the return results from increased acreages
and shifts among regions, land classes, and corservation
tillage methods. Land and water price, and returns are de-
terminel internally by the solution procedure. Hence, their
returns are directly affected by commodity prices under the
different export levels. Thus, as exports increase, the re-
turn to land and water is affected proportionally by price
changes as well as by their respective levels of use.
Regionally, increases in retucns range from 10 percent
in the South West as exports double to 206 percent in the
Great Plains as exports triple (Table 77). The large in-
crease in the Great Plains results from the increased acreaje
as well as the increased per acre return from higher prices.
other zones, such as the North Central, South Central, and

south West, have more modest increases since their acreage
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Table 77. Total returns to the regional agricultural related
sectors from the production of row crops and close-
grown crops with a 5 ton soil loss restriction and
alternative export levels in 2000

Export alternative
69-71 ave 2 * ave 3 * ave

(million dollars)g/

United States

TOowWw crops 11220 14605 21933

close crops 3094 4145 6670

total 14314 18750 28603
North Atlantic

TOW Crops 447 532 940

close crops 176 250 352

total 623 782 1292
South Atlantic

TOW Crops 801 1210 1883

close crops 53 108 178

total 854 1318 2061
North Central

TOW Crops 7161 9117 13345

close crops 812 1095 1896

total 7973 10212 15241
South Central

TOW Ccrops 1996 2508 3905

close crops 955 1196 1673

total 2951 3704 5578
Great Plains

Trow Crops 422 857 1492

close crops 494 699 1315

total 916 1556 2807
North West

TOW CIrops 110 97 89

close crops 317 457 748

total 427 554 837
South West

row crops 282 284 280

close crops 288 341 508

total 570 625 788

a/

Values are expressed in terms of 1972 dollars.
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expansions are not large under increased exports. In abso-

lute terms the North Central zone has the largest increase in
returns, from $7,573 millioa to $10,212 million as exports

double and to $15,241 million as exports triple.

Individual land classes all have increases except the V-
VIII class where the return per acre drops as more of it is
used and the marginal return per acre is reduced, Tables 50,
78 and 79. With the 5 ton soil loss restriction and average
exports, the class V-VIII lands have a $6.72 per acre rent
(attributed mostly to the $16.50 return in the South West).
Doubling exports increases the return to all lands except the
V-VIII class in the South West. In the South Central and
North West zones, the return to the V-VIII lands increases
and is above the return to these lands in the South West.
The return declines in the South West as V-VIII lands are now
used to produce relatively more close-grown crops and hays,

Table 60.

Consumptive use of water for agriculture increases fronm
48.6 million acre feet.under average exports to 50.3 million
acre feet under doubled exports and to 55.4 million acre feet
under tripled exports, Tables 54, 80 and 81. The Missouri
and Texas-Gulf basins have no significant change in water use
under increased exports but all other basins 1o have. The

Lower Colorado basin has a decline in consumptive use of wa-



177

Table 78. Shadow prices(marginal value products) of
alternative land classes in major zones in 2000
(Model E )
_______________ Land classes______.__
Other
Zone I, 11 IIIE,IVE TIII-IV V-VIII Otherﬂ/TotalE/

(3 per acre)&/

United States 32.25 14.00 15.22 2.06 3.24 25.83
North Atlantic 20.00 0.00 5.39 0.00 1.84 15.27
South Atlantic 20.71 10.99 4.49 0.00 4.40 17.39
North Central 38.39 19.02 18.17 0.00 5.78 33.49
South Central 38.38 18.80 18.94 4.47 3.99 28.58

Great Plains 12.70 4.76 1.80 0.06 2,48 9.63
North West 37.16 10.86 13.29 8.81 2.86 20.37
South West 26.82 5.89 17.89 0.85 1.05 16.56

- T . - R P % D e e MR L G R R D M Sy N GP WS U P WD EE e T M D R P T GG AR R GRS D I R S P W D NS YR S A

%ﬁmher hay and pasture lands.
zysxcluding other hay and pasture lands.
~"Values are expressed in terms of 1972 dollars,

Table 79. Shadow prices(marginal value produczts) of
alternativas land classes in major zones in 2000
(Model F )
--Land classes ________
"""""""""" Other
Zone I,Ir IIIE,IVE III-IV V-VIII Otherﬂ/Totalh/

($ per acre)s/

United States 61.33 30.48 29.66 6.07 Gb.14 47,72
North Atlantic 46.16 15.80 20.10 0.00 2.36 33.99

South Atlantic 51.27 22. 11 26.16 0.00 4.12 41.52
North Central 71.45 41.81 41.30 2.61 7.14 62.26
South Central 65.35 39.36 33.60 19.82 4,77 49,51
Great Plains 34,10 14.01 Y. 49 0.00 4,54 23.72
North West 67.u47 29.64 22.99 19.18 4,28 39.00
South West 44,95 17.07 17.87 3.34 1.60 27.57

- - - 0 W - A m e TR P Mm e e s A e e e G s % e e e G N M S A8 @ M TS e e G ep WS o W D e e R ST e e e e e

f@ther hay and pasture lands.
-ﬁExcluding other hay and pasture lands.
£/Values are expressed in terms of 1972 dollars.



178

Table 80. Withdrawals and consumptive use of water in
the western river basins with 5 ton maximum

s0il loss and double 69-71 exports in 2000

(Model E )

——___Projected 2000 ____ __ ..

Total Municipal g/ /
River basin 19652/ Agriculture industrial®/Other®/ Total

(000 acre feet per year)

Withdrawvals

Western basins 151733 68207 51323 7429 126959
Missouri 21668 12958 6172 2218 21348
Ark.-White-Red 10541 6061 8395 0 14456
Texas-Gulf 18382 2231 16890 221 19348
Rio Grande 8165 3989 1222 0 5211
U. Colorado 4500 2554 1079 198 3831
L. Colorado 7774 2707 1457 2085 6249
Great Basin 5730 2136 1034 1276 4446
Col.-N. Pacific 33191 22986 8289 1425 32700
Cal.-S. Pacific 41782 12585 6785 0 19370

Consumptive use

Western basins 75050 50343 21300 6613 78256
Missouri 11822 10013 1223 2218 13454
Ark.-White-Red 6580 4002 1400 0 5402
Texas-Gulf 8165 1490 7749 227 9466
Rio Grande 4632 1528 557 0 2085
U. Colorado 2220 2823 495 144 3462
L. Colorado 3862 2128 678 1851 4657
Great Basin 2524 1908 445 908 3261
Col.-N. Pacific 11785 17035 7171 1265 25471
Cal.-S. Pacific 23460 9416 1582 0 10998

a8/source: (35A, Tables 7-3-4 and 7-3-5).

b/tncludes rural domestic, municipal, self-supplied
industrial, recreation, mining and thermal electric power.

¢/includes onsite uses and water exports out of the
western basins.
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Table 81, Withdrawals and consumptive use of water in
the western river basins with 5 ton maxinum

soil loss and triple 69-71 exports in 2000

(Model F )
—————___Projected 2000 _______________
Total Municipal &
River basin 19652/ Agriculture industrial®/othars/ rotal
(000 acre feet per y=ar)
Withdrawals
Western basins 151733 74390 51323 7429 133142
Missouri 21668 13313 6172 2218 21703
Ark.-White-Red 10541 6413 8395 0 14808
Texas-Gulf 18382 2246 16890 2217 19363
Rio Grande 8165 4506 1222 0 5728
U. Colorado 4500 2883 1079 198 4160
L. Colorado 7774 2827 1457 2085 6369
Great Basin 5730 2308 1034 1276 4618
Col.-N, Pacific 33191 26518 8289 1425 36232
Cal.-S. Pacific 41782 13376 6785 0 20161
Consumptive use

Western basins 75050 55458 21300 6613 83371
Missouri 11822 10174 1223 2218 13615
Ark.-White-Red 6580 4228 1400 0 5628
Texas-Gulf 8165 1505 7749 227 9481
Rio Grande 4632 1903 557 0 2460
U. Colorado 2220 3069 495 144 3708
L. Colorado 3862 2069 678 1851 4598
Great Basin 2524 2042 445 308 3395
Col.-N. Pacific 11785 20500 7171 1265 289136
Cal.-S. Pacific 23460 9968 1582 0 11550

e = T T - e = v . W A e = B G S mm e e S e W e W e G AR G % W T D S M G I W N MR TR MR n e MG W TS WD NS WS WD D WD B W e ES

a/source: (354, Tables 7-3-4 and 7-3-5).

b/tncludes rural domestic, municipal, self-supplied
industrial, recreation, amining and thermal electric power.

&/Includes onsite uses and water exports out of the
western basins.
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ter for agriculture as more is transferred to the California-
south Pacific basin for use in high return alternatives. The
remaining river basins increase consumptive use of water as

their acreage of irrigated lands increase.

Nitrogen use increases proportionate to the export
levels, Table 82. Livestock production of nitrogen increases
only slightly as rationms, feeding period and regional produc-
tion patterns adjust to changed exports. Legqume-produced ni-
trogen increases in proportion to increased acreages, with an
adjustment for the reduced yields resulting as the greater
demands require use of the less productive lands. The ma jor
source for the increased fertilizer demand is associated with
the commercial fertilizer sector. Its production increases
from 6.5 billion pounds to 8.0 billion as exports double,
then to 9.6 billion pounds of purchased fertilizer as exports

triple.

Farn level prices under the greater export levels are

indicated in Table 83. With a doubling of exports from the
1969-71 average lavel, soybeans undergo the largest percent
increase in price. The shift in prices follows the compara-
tive advantage in production. Cotton is not affected greatly
since its demand is not increased and the areas producing
cotton have a definite advantage for it (i.e., land is not

among most productive for substitute crops). Soybeans are
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Table 82. Nitrogen sources and use with a 5 ton soll loss

Egggrictlon and alternative levels of export In
Nitrogen Export alternative
source ave, 69-71 2 * ave 3 ® ave
(mi1lion pounds)

Livestock wastes 8752 8759 8795

Legume crops 8615 9491 9945

Commercial purchase 6540 7980 9626

Total utilized 23907 26230 28366

Table 83. Indication of relative farm level prices for
some agricultural commodities with a 5 ton soll
loss restriction and alternative levels of export
in 2000

Export alterpative
Commodi ty ave. 69-71 2 * ave 3 * ave
(ave. 69=71 prices=100)

Corn 100 105 126

Wheat 100 109 158

Soybeans 100 139 219

Cotton 100 101 107

Hay 190 109 1352

Beef 100 106 119

Pork 100 106 122

MITk 100 103 111
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grown in competition with corn and in a more confined region.
Hence, as markets become more advantageous for corm,

soybeans must pay a greater cost to bid land from corn. Sia-
ilarly for wheat, expanded exports increase the demand for
corn and soybeans grown on larger acreages in the North Cen-
tral and South Central zones. Wheat formerly grown in these
regions then must relocate to the relatively less productive
areas where it has higher per unit costs.

Livestock prices increase in relation to their ability
to adjust rations to lower priced feeds. Beef and pork
prices increase by 6 percent as exports double but 22 percent
and 19 percent, respectively, as exports triple. Pork is not
able to substitute legume hays for the oilmeals in the manner
of dairy, beef cows and beef feeding sectors as land use
shifts to match higher grain exports (Table 84).

starting from a level of surplus capacity, as exports
double farm level commodity prices increase by less than 10
percent, except for soybeans. However, as exports triple,
price increases become mrore commodity specific and reach a 19

percent increase for soybeans.
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Table 84, Commodity use in livestock production with a 5 ton
soil loss restriction and alternative export levels

in 2000.
Export alternative
Commodity Unit ave 69-71 2%*ave 3*ave
(000)
Corn bu, 5691554 6071780 6302504
Sorghum bu. 474077 522068 525620
Barley bu, 461520 498455 397970
Oats bu. 396728 417232 446362
Wheat a/ bu. 505341 199564 82863
High protein— cwt, 699218 666981 636069
Legume hay tons 163295 172265 175074
Other hay tons 104197 102269 99792
Silage b tons 107147 64731 36521
Pasture— tons 212670 215912 222273

E/Includes soybean and cottonseed oilmeals and high protein
grain supplements all expressed in soybean oilmeal equivalents.

l)'/Expressed in non-legume hay equivalents.
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SUMMARY AND IMPLICATIONS

This study, made under a graant from the National Science
Foundation's BANN program (Research Applied to National
Needs) , emphasizes the development and application of a 223
region model of soil loss control as a means of environmental
improvement. A soil loss restraint and a nitrogen balance
equation were developed and implemented in each of the 223
producing regions. The model also incorporates 51 water sup-
ply regions, 30 market regions, a transportation submodel,
crops and livestock subnodels and includes all of the agri-

cultural land and irrigation water of the nation.

The model analyzes changes required in land and water
uses of individual regions, agricultural commodity produc-
tion, interregional production shifts, regional and national
soil loss, required comservation practices by regions, com-
modity prices, resource returns and other relevant parameters
as (a) soil loss is first unrestrained and then restrained to
10, 5 and 3 tons per acre, and (b) as commodity exports are
at the 1969-71 levels, then doubled and tripled from this

level.

The major objective of the study was to levelop and *est

a model capable of (a) simulating changes in the level of
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allowable sheet and rill erosion from cultivated lands, and
(b) determining the national and regional impacts of such re-
strictions. Within the 223 producing areas, the dryland and
irrigated cultivated lands were each allocated to 9 land
groups based on their erodability characteristics. Activi-
ties vere defined within each producing area and land group
to simulate rotations producing alternative crop combinations
under alternative conservation and tillage practices. Each
rotation had a specific level of associated gross field soil
loss, as determined froa the Universal Soil Loss Equation.

The results indicate that agriculture can contribute to
a reduced gross field loss of soil wvith only small increases
in the farm level prices of the agricultural comnnodities.
Total soil loss can be reduced significantly through the
shift to conservation practices and reduced tillage in the
crop management systems utilized. Some shift in crops grown
is indicated as the less-erosive crops are substituted for
the more-erosive crops, especially the silages.

Regionally, the shifts in production patterns are more
pronounced in the South Central, South Atlantic and North
Central regions. The regions in the West, vhere runoff is
lover, gain in production of the agricultural products. 1In
all regions, the more-erosive crops are incorporated into

less-intensive rotations and on the less—-erosive lands.
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The environmental impacts associated with the reduction
in soil loss are compounded by the increased use of the pes-
ticides to control the insects and weeds formerly controlled
by mechanical tillage. Fertilizer use is distributed some-
what more widely as the less-intensive rotations do not con-

centrate the high-fertilizer use crops.

Erosion And Erosion Control Methods

Table 85 presents a summary of the soil loss and farming
practice data for the four soil loss alternatives analyzed.
Erosion per acre with no restriction averages 9.9 tons per
acre and declines to 4.3 tons per acre with a 10 ton restric-
tion, to 2.8 tons per acre with a 5 ton restriction and to
1.9 tons per acre with a 3 ton restriction. The initial re-
striction results in a 58 percent reduction in total soil
loss from the 2,677 million toms under the unrestricted
nodel. Thereafter, the lower restrictions encourage lower
percentage reductions in soil loss as the 5 ton restriction
reduced total soil loss by a further 36 percent and the 3 ton

restriction by a further 33 percent.

The method of controlling erosion and bringing about the
reduction in soil loss is through a shift to reduced tillage
from conventional tillage, and within the tillage m2thods, a

shift away from straight row cultivation to conservation

practices. OUnder the unrestricted alternative, 92.1 percent

of the lands are farmed under conventional tillage. This
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Tahle 85. Summary of erosion and acres under alternatlve
conservation practices with the alternative soll
loss restrictions in 2000

Per acre soil loss restriction
tem(unit) unres-
stricted 10 ton 5 ton 3 ton

Frosion per acre
(tons) 9,0 bL,3 2.8 1.9

Total erosion
(million tons) 2677 1132 727 483

Total acres culti=-
vated (900) 260113 261564 258882 258058

Porcent of acres by
tillaze method

cnnventional 92.1 3.1 77.7 71.7
reduced 7.9 16.9 22.3 28.3

Percent of acres by
conservation practice

contouring 4.6 17.3 21.6 25.2
strip crop~-terracing 1.2 8.7 13.9 26.0
straizht row 94 .2 74,0 59.5 4L3.8
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practice drops to 71.7 percent for the 3 ton restriction.
With respect to tillage methods, 94.2 percent of the utilized
land is cultivated under straight row techniques when no soil
loss restriction is imposed. The percentage declines to 48.8
under the 3 ton restriction. Concurrently, the use of con-
touring is increasing from 4.6 percent under no restriction
to 25.2 percent of the acreage under the 3 ton restriction.
strip cropping and terracing undergo the largest percentage
increases and are mostly associated with conventional
tillage. The use of strip cropping or terracing on lands in-
creases from 1.2 percent of all lands under the unrestricted
model to 8.7 percent with the 10 ton restriction, 18.9 per-
cent with the 5 ton restriction and to 26.0 under the 3 ton

model.

Land and Water Allocatiomns

The unrestrained soil loss model utilizes 586 million
acres of land in 2000, down 366 million acres from the 1967
actual acreage, Table 86. This reduction is largely due to a
decline of 311 million acres of pasture lands and 28 million
acres of land in fallow or allocated to exogenous Crops. The
remaining 26 million acre reduction is mostly associated with
a smaller acreage of close-grown crops as vheat moves to land
not required for the row crops in the less arid acres of the
North Central and South Central zones. Irrigated land de-

clines by 8.6 million acres as depletion of groundwaters re-



Table 86. Summary of land, water and nitrogen fertilizer allocation in agriculture
under alternative soil loss restrictions in 2000

| tem 1967 a/ Per acre soil loss restriction

) level= unrestricted 10 ton 5 ton 3 ton
(nillion acres)

Total dryland 952.5 586.3 580.3 584.6 588.6
row crops 143.9 138.0 132.6 128.5 127.9
close crops 93.8 70.2 68.9 66.7 66.8
all hay 65.5 66.3 67.3 72.5 72.9
pastur? 614.3 303.1 304.6 310.7 313.9
otherl 35.0 7.7 6.9 6.2 7.1

Total irrigated 40.0 31.4 31.5 28.6 29.4
row crops 16.1 9.2 8.8 7.5 6.5
close crops 6.8 5.3 5.h 6.7 6.0
all hay 12.1 12.4 12.8 12.1 12.7
pasture 3.0 2.9 2.9 0.7 2.6
otherl 2.0 1.6 1.6 1.6 1.6

Unused lands ——— 4L13.4 §19.5 518.0 415.1
cultivated -—— 87.4 105.0 107.7 108.4
other land - 316.0 314.5 310.3 306.7

/ (inillion acre feet per year)

vaters
withdrawals 151.7 131.0 131.3 124.7 128.6
consumptive use 76.0 82.9 83.2 76.5 81.0

{million pounds)
N fertilizer -——— 23237 23498 23907 23952

a/source ( 3).
Bhnc]udes exogenous crops and summer fallow.

Sleor agricultural uses only.

681
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duces the water availability in the western area of the Great

Plains zone.

The imposition of a 10 ton soil loss restraint further
reduces the land used by 6 million acres. MHMost of the reduc-
tion occurs in row crops categories as these comnodities are
shifted to more productive lands. Further reductions in the
level of allowable soil loss reduces the acreage of rov crops
and increases the acreage of irrigated close-grown crops,
dryland and irrigated hays and dryland pasture. As the soil
loss restraint is reduced to 5 and 3 tons, the total agricul-
tural land base increases as low-erosion and lov-productivity
native pastures and hayland are used for fiell crops. Silage
acreage declines from 13.9 million acres under the unre-
stricted model to 5.2 million acres under the 3 ton soil loss
restriction. The decline in silages results from their ero-
sion characteristics.

Regionally, the imposition of soil loss restrictions re-
duces the level of the cultivated land base (cow crops and
close-grown crops) in the South Atlantic, South Central and
North Central zones, Table 87. The North Central and South
Atlantic zones especially have an increase in hay and pasture
land to compensate for shifts in cultivated lands. The more
arid zones, including the Great Plains, North West and South
West, have increases in close-grown crops. The North West

and South West also increase row crop acreage.
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Table 87. Summary of agricultural land use by the major
zones under alternatlive soll loss restrictlon
levels in 2000

—_Per acre soll loss rastriction

Zone/land use unres-
tricted 10 ton 5 ton 3 ton

North Atlantic

row crops 3713 3661 4318 3359
close crops 1698 1225 2491 2089
hayland 1616 1608 2043 2247
pasture 6806 6888 7098 8315
South Atlantic
row crops 10691 9647 10065 8549
close crops 3201 2729 870 736
hayland 2007 2006 2686 2913
pasture 23592 23632 25222 25615
North Central
row crops 90926 87843 84714 88372
close crops 19440 19117 18756 17652
hayland 17190 18054 20421 23523
pasture 29775 30304 33820 35810
South Central
row crops 28666 26401 24305 19883
close crops 20716 20569 19720 19885
haytland 27447 27648 27722 23304
pasture 110694 111368 108031 105322
Great Plalins
row crops 7512 7017 5593 6904
close crops 16192 16549 15510 18292
hayland 21051 21385 22443 24775
pasture 41860 41949 41999 45579
North West
row crops 1740 1734 1981 1811
close crops 7763 7762 7751 7906
hayland 5679 5631 5598 5986
pasture 26896 27033 27833 28872
South West
row crops 4978 5112 5059 5562
close crops 6498 6358 8380 6253
hayland 3747 3737 3689 2826

pasture 66357 66361 67404 66925
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The use of water by agriculture varies directly with the

shifts in irrigated acriage, Table 86. The consumptive water
use is above the level estimated for 1965 even though irrig-
ated acreages are down. This is possible as the regional
distribution of the irrigated crops affects the water re-

quirements.

Agriculture and Environmental Improvement

The results of the alternative soil loss analysis indi-
cates that agriculture has the productive and techndlogical
capacity to contribute to environmental improvement vithout
serious implications for domestic food prices when exports
are at average levels. S52il erosion can be substantially
reduced through the use of pei acre restrictions. This re-
duction in gross field erasion could reduce the contribution
of agriculture to the level of sediment in the watervays,
given the delivery and transport characteristics of the area.
There is, however, a trade-off in environmental quality: as
erosion is controlled, the level of pesticide and fertilizer
application increases as farmers shift to reduced tillage
methods. Thus, policy makers must consider the implications
of increased use of these two commodity groups and their con-

tributions to pollution.

increases in production levels brought about by expanded

export levels increases the per acre soil loss from 2.8 to
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2.9 tons per acre for either of the two levels considered.
The increased per acre soil loss results from the inclusion
of a higher proportion of the more erosive lands among the
acres brought into production to meet expanded demands.

Total soil erosion increases 16.0 percent as exports double
and a further 15.5 percent as exports are tripled, Table 88.
This corresponds to the 16 percent increase in acreage for
each of the increases in export level. BExports thus, can in-
crease without significantly increasing the per acre soil
loss levels, given the 5 ton restriction, with total soil

loss increasing proportionately to acreage,

Table 88. Summary of erosion and percent of acres by conser-
vation practlce with the 5 ton per acre soll
restriction and the alternative export levels in

2090
| ter " Export alternative
en(unit) 69-71 ave 2 * ave 3 % ave
EFrosion per acre
(tons) 2.8 2.9 2.9
Total erosion
(million tons) 727 843 974
Total acres cultivated
(900) 258882 295047 337299
Percent of acres by
tillaze method
conventional 77.7 75.2 72.9
reduced 22.3 24,8 27.1
Percent of. acres by
conservation practice
stratzht row 59.5 54,8 L9, 4
contourlng 21.6 23.3 23.4

gstrip crop-terracing 18.9 21:9 27.
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The increased acreage required for larger exports con-
centrates increasingly on the lands farmed unier the reduced
tillage methods.

Increased exports necessarily require more land for ag-
ricultural production or a more intensive use of thea lands
already farmed. Increased exports of feed grains, wheat ani

the oilmeals directly influences the acreage of the row crops
and close-grown crops, 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. Use
of the dry and irrigated lands does not decline as the sub-
stitutions and expanded exports 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 livestock has been renmoved.

Water and nitrogen use increase nearly in proportion to
the increased acreage for greater exports. Water use changes
reflect limits on wvater and irrigable land availability.
Shifts in nitrogen use reflect the productivity of the fer-
tilizers used in the various regions and on the several land

classes.

The double and triple export levels were accompanied
vith rather wide shifts in crop production among land classes
and agricultural regions and in the conservation practices

used. However, the model indicates that with imposition of



Table 89. Summary of resource use in agriculture under a 5 ton soil loss restric-
tion and alternative export levels in 2000

1967 Export alterpative

Ftem (units) level?d/ 69-71 ave 2 * ave 3 * ave

Total dryland 952.5 584.6 622.7 669.1
row crops 143.9 128.5 152.2 174.5
close crops 93.8 86.7 76.5 91.7
all hay 65.5 72.5 74.8 76.2
pastug7 61L.3 310.7 312.6 317.9
other= 35.0 6.2 6.6 8.7

Total irrigated 40.0 28.06 29.9 33.0
row crops 16.1 7.5 7.1 7.7
close crops 6.8 6.7 7.9 9.5
all hay i2.1 12.1 12.3 12.9
pastug7 3.0 0.7 0.9 1.3
other—= 2,0 1.6 1.6 1.6

Idle lands 418.0 378.6 329.1
cultivatable -—— 107.7 71.5 29.3
pasture —— 310.3 307.1 299.8

water </ (ml1lion acre feet per year)
withdrawals 151.7 124.7 127.0 133.1
consumptive use 76.0 76.5 78.3 83.4

(million pounds)
N fertillizer —— 23907 26230 28366

c61

iéource (3).

b
-Gncludes exogenous crops and summer fallow.

Skor agricultural uses only.
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soil loss restraints, export levels equal to triple the
1969-71 level could be attained while both (a) environmental
improvement is attained through regionally and nationally
imposed limits on soil loss, and (b) commodity prices are in-
creased only modestly. The nation's agricultural plant ap-
parently has sufficient capacity and flexibility to allowv si-
multaneous attainments in environmental improvement, expanded
exports and reasonable farm commodity prices. The analysis
does not, however, relate to exports as high as those experi-

enced in 1972 and 1973.

Agricultural Technological Requirements

Erosion apparently can be controlled by means of the
technologies currently available to agriculture with little
impact on the sector's potential to meet the agricultural de-
mands and modest export increases in the year 2000.

The analysis indicates that the appropriate level of
erosion control might be attained through (a) 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 acreage to

reduced tillage methods.

Agricultural Returns and Farm Price Levels

The return to labor and water declines slightly with the

imposition of the soil loss restraints used in this study.
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Land returns increase greatly. The reduced labor return re-
sults from the decline in total acreage cultivated. The
reduced water return results from a shift of production to
the lower-valued, close-grown crops and away from higher-
value row crops on irrigated land.

For the model's agricultural capacity and export levels
analyzed, price levels increase only as the allowable soil
loss level becomes low. A reduction in soil loss can be
attained with only minor increases in farm prices levels. As
soil loss is lowered, and export levels are increased, com-
modities associated with more erosive land use patterns 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 increasei,
hovever, price increases are greater. While exports larger
than triple the 1969-71 level are not analyzed, 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 the 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 level wvhere the available land
base is fully utilized. Beyond this level, supply can in-
crease only vwith substantial increases in prices unless more

intensive production is used.
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APPENDICES

Appendix 1. Exogenous Crop Sector

The exogenous crop sector defines the allocation of laad
by region and lamd class, fertilizer nitrogen, and water for
use by the crops not endogenously allocated by the model.
These crops include broomcorn, buckwheat, cowpeas, dry beans,
dry peas, flax, hops, orchards 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 soil loss as data, and alternative

cropping patterns are anot available.

Water allocation for the exogenous crop sector is deter-
mined directly from the water use coefficients developed in
Agricultural Water Demands (9). These per acre water use
rates were applied to all acres and this value entered as the
requirements for the exogenous crops. The allocation of 1land

and nitrogen fertilizer are outlined in the following sec-

tions.



204

The acreage defined for use by land class is adjusted to
reflect the requirement for the production of the exogenous
crops in 2000. The 1969 production and the projected produc-
tion in 2000 by state for most of the exogenous crops are ob-
tained from thé OBERS work of the Economic Research Service.!
Acreages by state for each crop in 1969 are obtained from
1969 is determined.2 Dean et al. (2) reports yields for the
exogenous crops produced in California in 1969 and projected
yields for each of the crops in 2000.3 The ratio yield in
2000/yield in 1969 is determined for each crop in the
California study (2). It is assumed that the yields in each
state will increase proportionately to those in california,
and the above ratios are used to adjust all state yields from

1969 to 2000. Acreage requirements for the year 2000 are

1The 1972 OBERS Report backup materials were obtained
through private communication with dr. Melvin L. Cotner, Di-
rector, NRED, U.S. Department of Agriculture, March 1973.

2por crops not included in the E.R.S. data it is
assumed that the acreage reguired in the year 2000 will be

the same as required in 1969 with the production differential
being made up by increases in yield per acre.

3yields for the crops not included in Dean's study (2)
were obtained by extending the 1949-1969 yield trend from the

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
vithin the state on the basis of the proportion of each crop
grown in the county as reported in the 1364 Cepsus_of _Agri-

culture (34).! The acreages of each of the exogenous crops
in each producing area is deternined by summing the projected
acreage of the relevant crops in the producing area over the
subset of counties consistent with the definition of the pro-
ducing area.

Within each producing area the exogemous crops are
grouped into three categories according to their method of
cultivation. These categories are row crops, close-grown
crops and orchards and vineyards. Acreages of these three
categories are then allocated to the different land groups in
proportion to the calculated acres of other row crops, close-
grown crops and orchards and vineyards as determined by land
class in the Natiopal Inventory (3). This same procedure is

used for both dryland and irrigated acreages. If the pro-

jected acreage reguirement for the exogenous crops is greater

1The 196u_gggsgs_gg_gggigglggge (34) was used for the

state to county allocation as not all 1969 state summaries
were published at the time of calculation. State data for

1969 wvas available from the Natjonal Summary (35).
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than the acreages available for the land group, the excess
acres are allocated either to the land group next closest in
erosion hazard characteristic or to the same land group in an
adjoining producing area depending on the agronomic charac-
teristics of the land groups, producing areas and ccopping

patterns required to produce the exogenous CLOPS.

Nitrogen_for the exogenous CLOPS

The use of nitrogen by the exogenous crops represents a
significant demand for nitrogen especially in the Gulf and
West Coast areas. The amounts of nitrogen required by the
specific crops are determined from the work of Ibach and
Adams (11). The quantity used per acre for each of the exog-
enous crops is multiplied by the acres calculated in the re-
gion. The assumption is made that by 2000 the application
rate for all acres will be equal to the application rate on
the acres fertilized in Ibach and Adams data.? The region's
nitrogen requirement for the exogerous CLOpS is determined
as:

BN(i) = SA(i,m) N(i,J)
m

where:

A(i,n) is the projected acreage of crop m in producing

1This assumption is used as time series estimates of

the percent of acres receiving fertilizer are not available
for most of the exogenous cCrops.
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area 1 in 2000;

N(i,m) is the projectad per acre use of nitrogen by
crop @ in 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

The 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 model.

The_exogenous livestock sactor

Rat ions for the exogenous livestock are deteramined as
outlined in Agricultural Hatey Demapds (9).! The rations
give the quantity of each of the commodities required per
unit of the livestock class. These quantities are withdrawn
from the consuming region commodity markets at a level con-
sistent with the projected level of the relevant livestock

class. The water requirements of the exogenous livestock, in

1Activities are defined to create the coamodity needs
for the production of broilers, turkeys, eggs, sheep and
lambs and a general category for other animals, such as
horses, mules, ducks and zoo animals.
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the regions of the west, are also obtained from Agricultural

Water Demands (9).

The use of the commodities, except oilmeals, by each
class of exogenous livestock represents a direct demand on
the regional commodity markets. The oilmeal demand is
adjusted to reflect the amount of high protein animal feed
produced as a by-product from the slaughter of the exogenous

livestock.?!

The quantity of nitrogen equivalent wastes produced by
broilers is determined as described later and a comparable
production of nitrogen wvaste is calculated for the other
poultry classes based on feed consunption.and commodity pro-
duction relative to broilers. Sheep and lamb wastes are cal-
culated from the coefficients of the endogenous ruminants
based on the waste production per unit of output. A more de-
tailed explanation of the nitrogen waste calculation is in-

cluded in the nitrogen wastes section.

The endogenous_livestock sector

Activities for the production of pork, milk, feeders and

fed beef are defined in each of the 223 producing areas. The

iThe quantity of high protein oilmeal equivalent pro-
vided by the exogenous livestock is determined by evaluating
the relationship between slaughter wastes and total animal
protein supplements consumed and the vaste is allocated to
the classes of livestock based on the proportion of wastes
from all animals which originated from the given class.
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activity costs and output levels are based on the work of
Eyvindson (8) and are weighted into the 223 producing areas
and projected to 2000 using the procedure outline in Agpicyl-
tural Water Demands (9).

A modified system of ration determimation is used for
this analysis. Bather than allow for nutrient transfers from
the commodities to the livestock rations as has been done in
previous models (8, 9, 10), this model allows alternative
rations for the livestock activities which draw directly from
the commodity balance rows. Under the nutrient traasfer sys-
tem balanced rations are determined endogenous to the model,
but it is possible to have rations which, because of the com-
modities included, are not palatable to the livestock units.
An exanple 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 rezcions provided for
each of the livestock groups are balanced in separate mathe-
matical formulations based on the nutrient requirements spe-
cified by the National Academy of Sciences (17, 18, 19). The
rations are formulated to provide alternative levels of sub-
stitution between grains, between roughages and grains, and
between the roujhages given a grain component. These rations
reflect research-based recommendations which approximate an
optimal level of feeding efficiency. In order to account for

the "inefficiency"” of actual prodauction, the rations are
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adjusted to set the level of total nutrient consumption at
the level of projected consumption in Agricultugpal Rater De-
mapds (9). BY providing these alternative rations a linear
conbination of them provides the system with a sufficiently
large number of possible rations vwith which to minimize the
fead costs of the respective livestock group.

In the rations the oilmeal requirements are based on the
total demand for soybean meal equivalent high protein supple-
ments. Part of this requirement is satisfied by high protein
grain by-products or from animal scraps. An adjustment is
pade to define the high protein requirement in teras of
soybean oilmeal equivalent only. The historic consumption
patterns of animal and wgrain® protein are related to
slaughter and milling, respectively, and the consumption
level per unit of processing determined is assumed to hold to
2000. Livestock production has its high protein demands
reduced by the expected production fron each type of live-
stock and the milling production is adjusted for as the per

capita consumption for the grain conmodities is determined.

Livestock wastes historically have served as a ready
source of plant nutrients. With the advaace of technology
and the resulting concentration of large numbers of livestock
in localized feeding facilities, the disposal of the waste

products has become of concern to the operators of the facil-
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ities and the community. All livestock activities considered
in the model are subject to the restriction that the nitrogen
wvastes, using the "conventional" system of handling, must be
utilized in the cropping sector. Data expressing the daily
production of nitrogen wastes for the different classes of
livestock (14, 20) are adjusted for the efficiency of the
handling system and for the feeding time and pattern of the
activity (37). The calculated per unit production of nitro-
gen, Table 90, is used as the activities coefficient for

interacting with the nitrogen sector.

Table 90. Nitrosen fertilizer equivalent wastes from 1ive-
stock

Lbs. of nitrogen per

fype Hnit Period unit of llvestock
Paet cous “ead Year 58.0
Peef feed)nz
(1.5)2 ‘lead Nay .102
Pref feeding
(2.25)2 “ead Dav 103
Raef feedjing
(3.0)8 ‘lead NDay .105
Nairy Head Year 142.0
torrs Owt. L., Prod'n period 2.9
Poul tryb/ 1900 1bs. r.c.vv. Prod'n period 28.9
“gas 1000 doz. Proi'n period 20,5
Sheen Cwt, Tarc. wt. Prod'n period 2.17

5/Pates are exnected Jdally cain of the Feeders while in
the lot.

E/Poultry represents the production of broilers or turkeys.
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Appendix 3. patermination of the Soil Loss coefficients
Gross soil loss represents the average nunber of tons of

soil leaving the field over a one year period. This measure-
nent of soil loss does not represent the amount reaching the
stream or bodies of water as some of the soil particles
settle out or are diverted as the runcff passes through
grassed areas or onto flatter terrain, thereby changing the
waters capacity to transport soil particles. Two separate
procedures were used to determine the gross soil loss per
acre. For the areas east of the mountains th2 "Universal
Soil Loss Equation" as descr ibed by Wischmeier and Smith (38)
is used to develop the gross soil loss coefficients. The

soil loss equation is represented by:

A = RxKxLxSxCxP
where:

A is the average annual per acre soil loss;

R is a rainfall erosive factor based on the local area;

K is a soil erodibility factor for the specific soil
determined from its erosion under continuous fallow on
a nine percent slope, 72.6 feet long;

L is the slope length factor relative to a 72.6 foot

slope length,
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S is the slope gradient factor relative to a nine per-~
cent slope;
C is the crop management factor vhich relates to a par-
ticular crop rotation and tillage practice and
P is the erosion control practice factor which relates
to the conservation practice.!
For details on the factors and on the computational proce-
dures used see Wischmeier and Smith (38) and "Technical
Release 51" (6). For 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 Resource 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
(3) to get soil loss by the nine soil classes. The soil loss
by cropping management system is weighted to the producing

area from the SCS data area as follows;

1The data for this equation are obtained from tables in
Wischmeier and Smith (38) and the regional data given for the
soil classes in a questionnaire completed in conjunction with
the Soil Coanservation Service, USDA.
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S(i,j,m) =ESL(i,J,k) A(j,kon,m) /72 (F,m)

n

i =1 «.., the number of crop management systems de-
fined in the producing area,

=1, «sepy 18 for the soil groups,

K = 1, «ees 165 for the relevant set of SCS data,

m=1, «se., 223 for the producing area,

n=1 ..., the nunber of sets of SCS data included in
the producing area,

where:

S{(i,j,m) is the soil loss for crop management system i
on soil group j in producing area mj;
SL(i,j,k) is the soil loss for crop management system
i on soil group j consistent with SCS data area
ks
A(j,k,n,m) is the acres of tillable soil group j in
part n of producing area m and is consistent
with SCS data area k and;
A(j,m) is the total tillable acres of soil group j in
producing area m.
These coefficients are attached to the appropriate crop pro-
duction activity and reflect the severity of erosion for the
conditions on which the cropping management system is de-
fined.
For those agricultural lands in the mountain valleys and
on the west coast, the data required for the soil loss equa-
tion have not been completely developed and an alternative

procedure is used to estimate the soil loss from these lands.
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The 5CS data questionnaire (Appendix 3) asked for crop man-
agement systems consistent with the production possilbilities
of the SCS data area. The SCS personnel estimated the tons
of soil loss associated with the crop managem2nt system on
each of the land class and subclasses defined in the 5CS data
area. These estimates are, for purposes of this model,
treated as if +they were developed from the saae equation from
which the estimates in the eastern area are computed. This
nassumed consistency" allows the soil losses from each SCS
data area to be treated equally in weighting to the producing
areas in the model. This capability is required as some pro-
ducing areas overlap the SCS data areas in which the soil
loss is developed using the eastern procedure and other areas
which have the soil loss estimated with the western proce-
dure. Bach of the activities representing the production of
irrigated crops is considered to have a soil loss similar to
the corresponding drylamd activities. The assumptions which
are needed to enable this transformation include good manage-
ment of the irrigation system, a larger quantity qf residue
left from crops receiving irrigation which will help to
whind" the soil during the subsequent applications of water,
and the heavier growth resulting from irrigation increases
the canopy protection of the soil by the plants reducing
dislodging during rainfalls. The soil loss coefficients form

the first of the bank of total coefficients required to conm-
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pletely define each activity.
Appendix 4. Development of the Crop Yield Coefficients

A unique yield is determined for each of the irrigated
and dryland crops as a function of the producing area, the
soil class, the crop rotation, the conservation practice and
the tillage method. The development of the yields progressed
from a system of state functions capable of projecting to the
future, a transformation into producing area functions, and
finally the projected yields adjusted for crop rotation, land

class and conservation and tillage practice.

The state projection functions are modifications of the

functions developed by Stoecker (27). For a given crop the

function is of the form:
Y(t) = Yo(t) + A(1-.8%*xx(t))*PF(t)

where:

Y(t) is the estimated average per acre yield in year
t;

Yo(t) is the estimated average yield per acre on
unfertilized land in year t, developed from a
linear trend function;

A is the maximun response obtainable from fertiliza-

tion;
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X(t) is the number of units of fertilizer applied per
acre in year t;

PF(t) is the proportion of the acreage receiving fer-
tilizer in year t, developed from a linear trend of
the proportion of crop acres receiving fertilizer
and;

t is years after 1949.

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 1log 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 im year (t).

The last multiplicative factor in the above equation repre-
sents an estimate of the optimum application of fertilizer
obtained by solving the marginal conditions of a profit
maximization systen.

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 the 1364_Census
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of Agriculture (34) and are represented by:

W(i,m,k) = ZA(i,n,] m) /ZA (i,k,m)
j n

1, «««, 15 for the crop number,

1, «««, Eor the counties in state n,

vee, 233 for the producing areas,

1, .-, for the producing area part in state n,
1, «es, U8 for the continental states,

[=2= N WA
wonononn
-d
-

vhere:
W(i,m,k) is the weight for crop i im part m of produ-
cing area k;
A(i,n,j m) is the acres of crop i in county j of state
n included in part m of producingy area k;
A(i, k,m) is the acres of crop i in part m of producing
area k.
These weights are multiplied by each of the fanction coeffi-
cients and summed over m for each i and k to give the produ-
cing area yield predition equation. This procedure is used
to transfer the yield, proportion of acres fertilized and
proportion of optimal fertilizer applied functions into the
producing areas.

The producing area yield is calculated for each crop
based on the functions developed and the projected levels of
fertilizer use. If the rotation in which any crop is definead
includes a legume crop the carry-over nitrogen from these
sources is included in predicting the yields. The fertilizer
value of the legume crops will be covered in the fertilizer

use part of this Appendix. In many instances the legumes,

especially alfalfa hay, produced more fertilizer equivalent
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nitrogen than would have been applied commercially. When
this occurred, the fertilizer equivalent nitrogen from the
legume is used in the yield equation giving a larger yield
than under trend fertilizer uses.

The next step in determining the yields for the cropping
system is to adjust for land class, conservation practice and
tillage method. The data obtained in the SCS questionnaire
included a set of ratios giving the relative land class
yields as compared to the most productive land class of the
area. These ratios are used with the acreages by crop type!?
velop a set of ratios which relate each land class to the
producing area average crop yield. These ratios are then
used to adjust the projected producing area yields for land
class.

The conservation and tillage ratios, from the SCS data,
are used equally on each land class and the yields are
adjusted for both conservation and tillage effects. For the
adjustment ratios if data was missing the national average is
used as a proxy. This substitution is only used where that
practice or land class exists in the producing area and the

specific data needed was not included on the SCS data forms.

1Crop types-Eeflect the row crops, close-grown crops
and hay and pasture as reported in the National Inventory

(3).
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These adjustments completed the calculation of yields as de-
ternined from the response function of the area, the land
class, the rotation, the conservation practice and the

tillage method.

Fertilizer use coefficients for_ the crops

The fertilizer coefficients developed from-the functions
were independent of the land class, the conservation practice
or the tillage method. The functions developad by Stoecker
(27) provided the basis for determining the level of nitrogen
supplementation required. The level of commercial fertiliza-
tion required to meet the projected yields were determined by
taking the optimum level of fertilizer use as determined from
the function and subtracting the amount proviied by the
legumes, if any, in the rotation. The legume nitrogen data
was developed from results reported in agronomy publications
(16, 23, 25) and through consultation vith William Shrader.t!
An estimate of a function was developed which related nitro-
gen fertilizer equivalent carry-over of the lagume as a func-
tion of the yield of the legume. Only those legumes which
offer the potential of high nitrogen production are includel
when developing the function. This selectivity allowed for

the switch to equal yielding but higher management legume va-

1professor of Agronomy, ILowa State University, Ames,
Iowa.
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rieties in order to harvest the carry-over nitrogen. The
legume hays provided carry-over for a two year period after a
good yielding stand and functions relate the first and second

year production of nitrogen. The first year function is

N1 = 50.0 « Y -5.0Y**2 + 0.27%*3
and the second year function is

N2 = B1.5 = (81.5) .8%*Y
where N1 and N2 are the pounds of nitrogen supplied by the
lequme for the crop following the first and second year after
plowing, respectively, and Y represents the annual yield in
tons of dry weight hay equivalent of the legume hay during
the years it is harvested. The effect of legumes does not
include a green manuring respoase but rather only the re-
sponse coming after a legume hay crop. This type of rela-
tionship allous for the utilization of the roughage for feed
and also the nitrogen carry-over.

A simpilar functional relationship has been developed for
nitrogen carcy-over from soybeans. Shrader and Voss (24)
have shown that soybeans provide approximately one pound of
nitrogen equivalent per bushel of soybeans yield as a carry-
over for the crop during the following year. After adjusting
the fertilizer use, determined by optimizing the production
relationships, for the amount supplied by the previous years
lequre crop, the nitrogen coefficient for the cropping man-

agenent system is determined.
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The sources of supply for the nitrogen requirement is
determined endogenously in the nitrogem sector of the model.
The nitrogen can be obtained from purchase of commercial ni-
trogen fertilizer or through the use of livestock wastes.

The non-nitrogen fertilizer'requiced to satisfy the calcula-
ted optimum application rate is purchased and the costs are
included in with the rest of the production costs to give the

exogenous variable costs of production for the systenm.

Appendix 5. Development of the Crop Management
System Costs

The source of the basic data used in determining the
costs of production is Eyvindson (8). The machinery, labor,
pesticide, non-nitrogen fertilizer and miscellaneous costs of
Eyvindson are weighted to the 223 producing areas for each of
the 11 endogenous crops! using county acreages as the weights

and the following relationship:

C(i,j,k) = T C(i,j,m) * A(J.m)/A(3,k)

mek
i=1 <.y 5, for machinery, labor, pesticides, fer-
tilizer and miscellaneous costs,
j =1, «eey 11 for the endogenous crops,
k = 1, eeee 223 for the producing areas,
m=1, ..., nunber of counties in producing area k.

-—lThe-endoaenaus crops are barley, corn, corn silage,
cotton, nonlegume hay, lequme hay, oats, sorghum, sorghunm
silage, soybeans and wvheat.
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vhere:

C(i,j,k) is the cost i for crop j in producing area k;

C(i,je,m) is the cost i for crop j in county m;

A(j,m) is the acres of crop j in county m;

A(j,k) is the acres of crop j in producing area k.
Each county in one of Eyvindson's regions is assumed to have
the costs of that region. The acreages used as the weights
are from the Census_of Agriculture (34). Labor costs vere
adjusted to account for the increases in technology as out-
lined in Agricultural Water Demands (9). Each cost is then
projected to 2000 using the assumption of constant per unit
costs.

Adjustments for conservation practice and tillage method
are determined from the SCS data questionnairaz. A base of
straight row cropping is used for conservation practices and
adjustments are made in machinery and labor efficiency for
contouring, strip cropping and terracing. Similarly, adjust-
ments are made for the tillage practices where conventional
tillage with no residue management serves as the base. The
variations included conventional tillage with residue manage-
ment and reduced tillage.

A further adjustment is made for reduced tillage opera-

tions to reflect the tradeoff between tillage operations and

the use of herbicides for weed control. In areas which are
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not moisture deficient,? Figure 12, a direct tradeoff has
been determined with the saving in machinery cost being
equally offset by increased herbicide costs (1, 3, 13, 22).
In arid areas the adjustment consisted of a $3.00 increase in
herbicide costs for each $1 reduction in nonherbicide costs.
This is consistent with the extensive faraming methods used
resulting in a much reduced veed problemn.

The costs reflect regional average costs of production
and a response to summer fallow is required for those crops
normally grown in a sunaer fallow rotation. From the Select-

ed U.S, Crop Budgets (6, 7) a relative use of fertilizer and

herbicides was obtained for the plains area vhere summer
fallowing is common (Figure 13). The adjustments reflected a
4 percent reduction in pesticide after summer fallow and an
increase of 50 percent if summer fallow is not part of the
rotation. The wide variation in the ad justments results from
the average being close to the after summer fallow data as a
result of the large percent of all acres in a summer fallow
rotation. A similar adjustment is made for fertilizer use
with crops in summer fallow rotations receiving .92 of the
average and continuous cropping sequences receiving 1.18

times the average.

] 1Being moisture deficient indicates an excess of poten-
tial evapotranspiration over precipitation.



§§§§§?§§?5531933§7 -

Figure 12.

——Jis 12 {103~

AN o

Moisture deficient areas

Noisture deficient areas of the nation

1744



=2 .‘L.\
12
)\_‘\\,_\
\3
7
6
»

S SouiB
mugﬁég 69 i3
== 112 \103- \_‘A ,
" e t‘\,‘»" N 3
..'Tr“# - B Q:H 4‘.2/;,.,,’\'\
L—wsi mli Z 49 .. N
e 2e
1 ’ 53

Summer fallow areas as

=

Figure 13. Summer fallcw areas of the nation

9tt



227

Sunmer fallowing costs are treated as a separate "crop"

in the area. The relationship is developed by comparing the
include summer fallow to those which are continuous. In this
way an estimate of summer fallow costs is obtained and a
ratio of summer fallow cost to crop cost is developad. The
sunmmer fallow costs in the model are calculated from the de-
termined crop costs and the developed ratios.

A final cost adjustment is made to reflect the terracing
costs for those cropping systems defined to include
terracing. The SCS data provided estimates of the coeffi-
cients required to calculate construction costs for terraces.
The data is provided only for those classes on which
terracing is a feasible alternative and other lands do not
have terracing as one of their alternate conservation prac-
tices. The average terracing cost per acre is calculated by

producing area as:

TC(i) = .1 (CC(i) + PW(i)W(i) + PT (i)T(i))PLT (i)

i =1, eeey 9 for the land classes,

vhere:
TC(i) is the per cultivated acre terracing costs on
land class i;
CC(i) is the per acre construction cost of terraces on

land class i;
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PW (i) is the proportion of acres of land class i
terraced having grassed waterwvays for drainage;
W(i) is the cost per terraced acre for grassed water-
ways consistent vith the terraces on land class i;

PT (1) is the propoftion of acres of lani class i
terracaed having tiled outlets for drainage;

T(i) is the cost per terraced acre of tiling and
drainage consistent with the terraces on land class
i;

PLT(i) is the the proportion of all land in class i
which is feasible to terrace;

.1 is the factor to adjust for a 10 year amortized

life of the terrace.l

From the many cost components the final production cost is

determined for each cropping management system as:
C(i,J.k) = T(M(i,J,m) +L(i, j,m) + P(i,],m)
m

+F(i,j,m) + MS(i,j,m)) R(,j,m)) + IC(j,k)

i =1, «.., the nunber of crop managenent systems in
the producing area,

j =1, «vey 223 for the producing areas,

Kk = 1, ..., 18 for.the land classes, 1, 0oy 9 dry-
land, and 10, ..., 18 irrigated,

m =1, ..., the nunber of crops in the cropping systenm,

1A 10-year amortized life for terraces represents a
tradeoff with a longer amortization period and inclusion of

repair and maintenance costs.
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where:

C(i,j,k) is the cost per acre
tem i in producing area j
M(i,j,m) is the the projected
for crop m in crop system
L(i,j,m) is the the projected
crop b in cropping systenm

P(i,j,m) is the the projected

for crop management sys-
on land class k;

per acre machine cost

i in producing area j;
per acre labor cost for
i in producing area j;

per acre pesticide cost

for crop m in cropping system i in producing area

s H

F(i,j,m) is the projected per acre non-nitrogen fer-

tilizer cost for crop m in cropping system i in

producing area j;

MS(i,j,m) is the projected per acre other costs for

'crop m in cropping system i in producing area j;

R(i, j,m) is the rotation weight for crop m in cropping

system i in producing area j;

TC(j, k) is the per cultivated acre terracing costs on

land class k in producing area j.

appendix 6. Determination of the Land Base

The land base represents the major constraint on the

productive capacity of the system.

The number of acres of

dryland and irrigated cropland for use by the endogenous



230

crops,! nonrotation hays and nonrotation pastures are deter-
mined by aggregating the county acreages as datermined from

the National Inventory {3).

uses in each of the 29 class-subclass categories classified
according to the severity of different conservation hazards.
The major classes are from one through eight and the
subclasses defined within each of the major classes, except
one, reflect four conservation hazards. The hazards include
erosion, subsoil exposure, drainage problens, and climatic
restrictions preventing normal crop production. Class one
lands have no subclass designations and the acres in this
category are considered to be adequately treated and reflect
no hazards under normal cultivation practices.

are aggregated to the producing areas and the 29 class-

. subclass groups defined for dryland and irrigated are
aggregated to give nine land groups which exhibit a range in
erosion hazard, yield and farming alternatives. The land

base used for the endogenous dryland or irrigated crops rep-

iThe endogeﬁsus crops incluéde barley, corm, corn
silage, cotton, legume hay, nonlegume hay, oats, sorghunm,
sorghum silage, soybeans, sugar beets and wheat.
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resents the sum of those lands in the component lanl classes
crops, close-grown crops, sunmer fallow, rotation hay and
pasture, land in conservation base, and land used for fruits
and vegetables with an adjustment for the land used for the
exogenous crops.

Projected increases in irrigated lands in the western
United States are added to the irrigated acreages in each of
the relevant producing areas. Only those irrigation projects
which have been approved for construction before 1980 are

considered. A more detailed discussion on tha location of

use categories based on the acreages from the National_Inven-
tory (3). Dryland nonrotation pasture and raunjeland from the
National Inventory are combined into an upper bound for the
improved or managed pasture activity by producing area. Th2
yields and costs for these activities are obtained from the
"pasture on farms" activities as described in Agricultural
Water Dempands (9). A similar procedure gives the activities
for the irrigated improved pasture.

Bound2d activities are also defined for dryland and ir-

rigated non-rotation hay. These acres represent wild hay and



232

other hayland which is continuous except for infrequent in-
terruptions to re-establish a stand. The cost and yield co-
efficients for these activities are determined by weighting
together the respective "wild hay" and "improved hay" activi-
ty coefficients from Agricultural Water Demands. A final set
of bounded activities is defined, on dryland only, to repre-
sent the grazing of forest and bush lands. Coefficients for

this set of activities are determined from th2 "pasture not

on farms" activities described in Agricultaral Water Demands.
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