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I. INTRODUCTION

Environmental concerns and technological changes are closely
interrelated factors in agricultural production. Technical innovations
in the form of improved farming practices and new and more intensive
applications of chemical inputs have resulted in an upward trend in
grain yields. However, the increased usage of chemical inputs such
as fertilizers, insecticides, and herbicides may also be significant sources
of pollution. Other environmental concerns such as soil loss and the dis-
posal of livestock wastes affect agricultural production capabilities
and may degrade soil and water quality. In addition, weather variability
causes significant year-to-year fluctuations in grain yields around
trend levels and is one of the most important sources of uncertainty in
future grain supplies.

Most environmental factors other than weather can be controlled within
limits by the application of appropriate management and farming techniques.
Weather, on the other hand, is for the most part uncontrollable. Other
than in limited areas of irrigation, a farmer is primarily dependent upon
nature to determine the growing conditions his crop will experience.
General weather conditions and the degree of variability in weather from
year—-to-year are quite different from region to region within the United
States. Thus, environmental policies that change regional production pat-
terns also change the expected vafiability in agricultural production due

to weather conditions.
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are used to determine the regional shifts in production that occur as a
result of envirommental policy restrictions. Regional demands for grain
are estimated by the 28 market regions (Figure 2). Frequently, the 48
contiguous states are used to present the results of the study. Documen-
tation of the regional delineations is included in [9].

To collect world grain production data for estimating world grain
shortfalls, the world is divided into 11 major grain producing and con-
suming areas as follows: United States, Canada, Argentina, Brazil,
Western Europe, USSR, India, Africa, Oceania, and Asia. Grain yield

and production data over the 20-year period, 1952 to 1971, are used to

estimated weather effects in these 11 regionms.

Figure 1. The 105 producing areas
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Statistical Estimation of Weather Effects
Grain yields depend upon technology, weather conditions, input

prices, lagged grain prices, and acreage engaged in production. A

quantitative measurement of weather conditions throughout the year is

complicated and does not represent the real impact of weather on grain
production because of seasonal weather variability. Consequently,
weafher's effect on grain yields is defined as the residual of a regression
equation where yields are expressed as a function of the prices of

all chemical inputs, lagged grain prices, acreage, and technology.

Los Angeles

However, all independent variables except a time trend, representing tech-

nology, are statistically insignificant in estimating grain yields.

Thus, grain yields are expressed simply as a function of a time trend.

Fi
gure 2. The 28 market regions with central cities indicated




Technical innovations in farming practices and new and more intensive
use of chemical inputs and hybrid seeds are primarily responsible for
the upward trend in yields. Deviations from the trend level represent
the effects of all other factors including weather, prices of all
chemical inputs, and grain prices. However, the deviations from the
trend level are assumed to be primarily the result of weather variations
because of the insignificance of the price variables in the yield
equations. Therefore, the technology and weather effects are calculated

using the following grafted polynomials [6].

d .3 j j < X
T =y ¥ Boit + Uy, toi iy (1)
qovie §. w8 J -
Tie = %11 * gt + Vg £ 5 (2)
where
Yit = yield of crop i at time t in region j
t*j
N the transition year (between 1954 and 1958) for crop i and
region j
t = time variable
Uit, Vit = deviations from the trend for crop i at time t in region
j caused primarily by weather variations.
*
At time tij equations (1) and (2) are continuous allowing us to
write:
T .o Mo o n 5
%t Foaty =St B Ny ()

Solving equation (3) for aii gives
" ; . . ]
ad ool i gl j %)
11 "%t By ~ B Yy

Substituting equation (4) into equation (2) and adding and substracting

gl gives:
0it
o =od sple+dd (83, gl e ()
it %01 0i it “"1ii 0i it
where %3
s ), t-<7t
it = x4 *
- J ]
(t-t7s >ty

and ej is tha deviation from the trend for crop i in region ] caused
it

primarily by weather variations.
Actual grain yields from the period 1921 through 1974 were used in

estimating the regression equations [21, 22]. A major increase in grain

yield trends occurred in the mid-1950s. This increase in yield trends

can be attributed to rapid adoption of technological improvements

such as hybrid varieties, increased usage of chemical inputs, especially

nitrogen fertilizer, and usage of larger machinery complements. The

grafted polynomial approach allows us to account for this shift. Table

1 gives the empirical results for the various grains for the United

States as a whole.



Table 1. Estimated regression coefficients of grafted polynomials of

grain yields in the

United States

Regression Coefficients

Grain Constant t z R2
Wheat 6.73 0.237a 0.452 0.890
(8.18) (5.63)
Corn 2:79 0.750 1.86 0.931
(9.44) (8.42)
Oats 18.9 0.325 0.571 0.804
(6.01) (3.82)
Barley 13.7 0.268 0.641 0.864
(6.59) (5.68)
Sorghum 0.983 0.436 5L 0.869
(5.59) (6.95)
Soybeans 5.32 0.301 0.906
(22.62)

a : : ;
Values in parentheses are t values associated with the inde-

pendent variables in the regression equationms.

The average effect of weather over time1 on the yield of crop i in

region j is given by

: eJ
w1t x 100 ' (6)
i ii j
Y
tml it
where

Yit = actual yield of crop i in time t in region j;

eit = deviation from the trend for crop i in time t in region j

A weather index is then calculated by dividing the weather effect for

each grain in each state by a weighted average weather effect over

regions.
J .
1 3 (7
W, = =2, W
i J =1 i
;W (8)
WIi = ﬁ;_ x 100

I: — ;
An alternative definition of average effect of weather is

j

it
: .-
Yit

e

2 n
J _
Wy E x 100

This alternative definition relates each deviation to the predicted
yield at a particular t. The rationale for this definition is based
on the result that if the trend yield grows rapidly through time the
expected residual could also grow rapidly even though the percentage
deviation would be the same. However, in sample cases the authors
found the difference in the results between the two definitions to be
less than five percent.
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where
WI; = weather index for crop i in region j
Wi = weighted average weather effect over regions for crop i
Wi = the average weather effect for crop i in region j

A weather index value of 100 indicates that the variation in yields due
to weather in a state is the same as the average national variation.
A weather index value greater than 100 indicates that the variations in
yields due to weather is greater than the average variation and a
weather index less than 100 indicates that the variation is less than the ‘
average variation. The state weather index values aggregated over feed,
food, and all grains are listed in Table 2.
Joint Effects of Weather and Environmental
Policies

Implementation of an environmental policy may change the regional
distribution of grain production and the associated impact of weather
on grain production. The impact of an environment policy on the ex-

pected variability in production due to weather is calculated as

follows:

£
(e <]

wrd . pIE
E 1

Mzl

|
oo =

pIE
1

o x 100

He
(AT

wid . piB
1 X

.
S0
|-

pIB
i

.
I
=

Table 2. Estimated weather index by states

i

Feed Food A%l
State grains grains grains
Maine 36 - 35
New Hampshire - - =t
Vermont 53 - 51
Massachusetts — - e
Rhode Island e = i
Connecticut — == s
New York 84 51 75
New Jersey 104 88 96
Pennsylvania 82 61 76
Delaware 135 131 133
Maryland 87 96 89
Michigan 79 64 73
Wisconsin 70 85 68
Minnesota 90 76 84
Ohio 72 71 72
Indiana 78 64 71
Illinois 88 64 77
Iowa 83 67 77
Missouri 109 92 100
North Dakota 119 129 126
South Dakota 148 160 149
Nebraska 139 133 135
Kansas 139 120 128
Virginia 100 85 93
West Virginia 75 62 70
North Carolina 99 84 92
Kentucky 92 66 81
Tennessee 82 91 90
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Table 2 (continued) wiexe
E " i 18 .
= i he Eth iron-

| Feed Food All WIi relative change in weather variation under the environ
I s IS RS graing mental policy in the production of the ith grain
} South Carolina 95 113 110 WIi = weather index in the jth state in the production of the ith

G i :
L eorgia 125 102 117 grain
i Florida - 120 114 116 iE d h
I = i i in the jth state under the
‘W P 116 123 121 | Pi quantity of the ith grain produced in the J
{E Mississippi 108 105 110 3 Eth environmental policy
‘M . .
3 Arkansas 98 106 111 P?B = quantity of the ith grain produced in the jth state without
| Louisiana 103 78 83 .

Oklahoma 122 134 135 any environmental constraints.

Texas 101 146 113 A value of 100 indicates that implementation of the environmental
L e = 190 102 policy does not affect the expected weather variability in grain yields.
a Idaho 58 55 57 N p abilte
n i han 100 indicates an increase in the expected variabl y
!i Wyoming 81 128 107 | A value greater than
ﬂ Colorado 95 - 144 130 in yields due to weather and a value less than.lOO a decrease in the
‘ New Mexico 151 167 155 f expected variability due to weather.
jf Arizona 63 67 62 {
| Ligas - - " - IV. TINFLUENCES OF WEATHER IN
Nevada 57 60 57 ' GRAIN PRODUCTION
\ Washington 70 61 64

Oregon Weather causes much of the year-to-year fluctuations in grain

g 72 71 72
V California 71 74 70 production. The fluctuations are of concern since they generate disequi-
? U.S. Average 100 100 100 2 ‘ librium in the grain market. Since the demand for grains is relatively
price inelastic, small changes in quantities supplied are multiplied into
a P 5 : o=
| Bl?nks 1nd19?te that production data were insufficient for | relatively large price changes.
i regression analysis. '
} A grain reserve is one technique for smoothing out supply variations.
‘ Figure 3 illustrates the relationships between alternative reserve policies,
|
the associated costs of maintaining the reserves, and the impact of re-

serves on grain price variability. The quantities in Figure 3 are:
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Figure 3.

Xa X7 X2 XeXc Xg Quantity of Grain

Costs of

Maintaining
Reserve

—— e ———— i —— . — — — —

C2
€

Maximum Release of
Stocks Per Year

Relationships between alternaiive reserve policies, costs of
maintaining the reserve, and grain price variability

15

long run market supply function.

market demand function.

actual supply in year of shortfall.

actual supply in year of surplus.

the effective demand as
price of P_.

r
two alternative reserve
function relating costs

maximum yearly release.

a result of the stock accumulation

policies.

of maintaining reserves to the

cost of maintaining a reserve with maximum release per

year of X7 -

cost of maintaining a reserve with maximum release per year

of X, = Xg.
actual supply in a year
maximum stocks released
maximum stocks released
equilibrium quantity of
actual supply in a year

government accumulation

market determined price

of shortfall.

per year under reserve policy Rl'
per year under reserve policy R2.
grain.

of surplus.

of stocks in the year of surplus.

in year of surplus.

reserve accumulation price.

market equilibrium price.

price obtained in year of shortfalls under reserve policy R2.

price obtained in year of shortfalls under reserve policy Rl'

market price in year of

shortfalls with no reserve policies.
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The larger the reserve maintained the greater is the reduction in
price variability. With no reserves the market price would vary from Pa
in the year of shortfalls to PS in the year of surplus production. Under
a reserve policy with an accumulation price of Pr’ the price is effectively
constrained between Pr and a maximum of P1 or P2 depending upon the size
of the reserve maintained. Since the demand for agricultural products
is price inelastic, moderate reserve quantities provide a rather large
reduction in price variability.

Although larger reserves provide a greater reduction in price
variability, they also cost more to maintain. In Figure 3’ci andc2
represent the total costs of maintaining reserves with a maximum release
per year of X)X, and X)X respectively.

A simulation model is used to determine the optimal levels of grain
reserves needed to offset domestic and world shortfalls in grain production.
The simulation model stabilizes grain supplies in both the United States
and the rest of the world under the assumption that the supply of grain in
any given year is completely inelastic. The degree of supply stabilization
is indicated by the government's policy goals, and the minimum level of U.S.
grain stocks satisfying these goals is determined. Storage and handling
costs of 22 cents per bushel or $4.91 per ton per year [13] were assigned

on the basis of the total contingency stocks carried from year to year.

We assume that up to one-half of the available reserves can be released

during any one year of shortfalls.

£/

Weather, Technology and Grain Production

Weather and technology effect

The technology effect is defined as the linear trend in grain
yields; the deviations from this trend are assumed to be the effect
of weather. Table 3 lists the weather and technology effects for several
grains in the United States. Tor example, during the period 1921-1974,
approximately 87 percent of the variations in wheat yields can be
attributed to changes in technology and 13 percent of the variation
attributed to weather fluctuations. This compares to an average over
all grains of 89 percent attributed to changes in technology and the
remaining 11 percent as a result of weather variations. The individual
weather effects differ among grains as the location of production of
these grains differ. Much of the U.S. wheat crop is produced
in the Great Plains where weather fluctuations are more severe than the
U.S. average; thus wheat yields are quite variable. On the other hand,
corn yields are relatively less variable since the majority of corn pro-
duction is located in states where weather variations are less severe

than average U.S. weather variations.

Table 3. Estimated percentages of grain yield variations attributed
to changes in technology and weather fluctuations, 1921-1974.

Technology Weather Total
Wheat 87.15 12.85 100
Corn 90.45 9.55 100
Oats 88.85 1%.15 100
Barley 90.20 9.80 100
Sor ghum 88.03 11.97 100
Soybeans 90.74 9.26 100

Average 89.31 10.69 100
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Regional patterns of weather variability

Figure 4 illustrates the relative significance weather plays in

, 3 .
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The distribution of weather effects is very similar in feed and
food grain production (Figures 5 and 6). However, food grain yields tend

to be more variable than feed grain yields since wheat production, the

major food grain, is concentrated in areas with high weather variability.
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the predicted yield. The vertical axis indicates the frequency that

actual yields relative to the predicted yields fell in each category

(%) (%) over the period 1921-74. The distributions closely approximate bell-
shaped curves characteristic of normal distributions.
< Table 4 is derived from the distributions illustrated in Figure 7
25 :; 25 in the following manner. The vertical axis in Figure 7 indicates the
E%% ::;dg;:::: \\ ::;a relative frequency of occurrence. Therefore, a 10 percent relative fre-
E:a Feed grain r-\\ ::// quency indicates a result expected to occur once out of ten chances.
20 4 AN 20 The values in Table 4 are derived by finding the intersection of the
R: :;:: i:;: 10, 5, and 2.5 (i.e., one chance in 10, one chance in 20, and one chance
\\ f::: l:;: in 40) percentage lines with the appropriate distribution and then
15 - ;; 15 reading off the corresponding value on the horizontal axis. The exact
Cj:: ;::: ::C: values in Table 4 were obtained by a computer pfogram rather than by
C::: :j:: :::j visual inspection.
10 ;::; :::; \\;/ 2 - 10 Table 4 indicates that the maximum expected shortfall in one year
:j:: ;:i: i:;j ::;: ;: out of 10 would be 10.5 percent of all grain production. Similarly,
.‘V/:: :;:: E:// :::iég // the maximum expected shortfall in one year out of 20 is a 17.5 percent
5 ﬁs- J < :\ 5 and the maximum expected shortfall in one year out of 40 is 21.5 percent
:3:5 /§ E/ \/ ! :
// ?& :;\\ \\:: \\:: \\// of all grain production.
Qﬁ NS AEEN AN AN
1 e e NN ENANA A NN,
80

oo

0.85 0.90 0.95 1.00 1.05 1.10 *1.15 1.20 1.25 1.30
Weather effect class >

65 0.70- 0,76 0.

Figure 7. Frequency distribution of weather effects on U.S. grain production
for the period 1921-1974

%The weather effect class indicates the relationship between the
observed yields and the estimated trend yields.
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Table 4. Estimated reduction in U.S. grain production assuming that
the worst weather expected in 10-, 20-, and 40-year
periods actually occurred in a particular year (percentage
of total grain production.)

All Grains Feed G-rainsa Food Grainsb
10-year 10.52 10.28 ’ 10.78
20-year 17.50 16.62 17.65
40-year 21.53 23.68 18.20

%1Includes corn, oats, barley and grain sorghum.

bIncludes wheat and soybeans.

V. INTERACTION BETWEEN ENVIRONMENTAL POLICIES,
EXPORT LEVELS, AND WEATHER VARIABILITY

Significant interrelationships exist between environmental restrictions,

export capacity, and weather-induced variability in grain production.
Alternative environmental and export policies result in varying regional
production patterns. By incorporating the changes in regional production
with the regional weather indexes detailed in section IV, the impacts of
the envirommental or export alternatives can be quantified. 1In this sec-
tion the interactions in production, utilization, and weather variability
are explored for a series of environmental and export alternatives. The

policy alternatives and results are detailed in [27].
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Model Used to Determine Regional
Production Patterns

A national interregional linear programming model similar to the one
documented in [9] is used to determine the regional production patterns
under the various policy alternatives. Regional delineations include 105

producing areas, 28 consuming regions, and 12 major zomes. Land resources

are separated into 5 soil classes based on productivity characteristics.
In addition to the crop sector, the model includes endogenous livestock
and transportation sectors. Major constraints include the availability
of land resources by the five different soil classes, water resources in
the seventeen western states, and the regional demands including exports
for the major crop and livestock commodities. The model minimizes the
total cost of producing and transporting the commodities to meet the re-
gional demands, given the available land and water resources and subject
to the restrictions imposed by the particular environmental policy.

Environmental and Export Alternatives
Analyzed

Regional production patterns were determined for the following
alternatives: 1) a maximum per acre soil loss equal to the soil tolerance

Z
level , 2) livestock feedlot runoff controls similar to United States

2The soil loss tolerance level is defined as the maximum rate of
soil erosion that will permit a high level of crop productivity to be
sustained economically and indefinitely [28].
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Environmental Protection Agency guidelines, 3) limiting the application

of commercial nitrogen fertilizer to 50 pounds per acre, 4) withdrawal

of the chlorinated hydrocarbons aldrin, dieldrin, chlordane, and

heptachlor from use on corn, 5) production capacity with no environmental
restrictions, and 6) production capacity with a combination of alternatives
1 through 4. A description and indication of the impact of each policy

on United States agriculture is detailed in the following subsections.

Soil loss alternative

Soil erosion is a major agricultural pollutant as a result of its
own physical characteristics which result in river, lake, and reservoir
sedimentation, its function as a transport mechanism for other chemical
pollutants such as fertilizers and pesticides, and because of its
detrimental effect on the structure and future productivity of agri-

cultural soils.

The soil loss alternative established maximum allowable per acre
soil loss values. '"The term 'soil loss tolerance' denotes the maximum
rate of soil erosion that will permit a high level of crop productivity to
be sustained economically and indefinitely. Soil-loss tolerances range
from 1 to 5 tons per acre per year for soils in the United State depending
on soil properties, soil depth, topography, and prior erosion." [28].

The soil loss alternative was applied in the model by allowing
rotations whose calculated tons of gross soil loss per acre per year was
less than the soil-tolerance level for that particular region and soil

capability class. Gross soil loss refers to the average annual tons of

[\
~

soil leaving the field. Determination of gross soil loss for rotations
in the model is documented in [9]. Briefly, the "Universal Soil Loss
Equation'" as described by Wischmeier and Smith [28] and a release from
the Soil Conservation Service [16] are used for areas east of the Rocky
Mountains. For the mountain valleys and West Coast, data are not
available to allow application of the soil loss equation. Estimates of
tons of soil loss for rotations in these areas were determined in con-

junction with SCS questionnaire results [9].

Implementation of the soil loss policy reduces average national per
acre soil loss on all cropland by 57 percent. In the unrestricted base
solution the average per cropland acre soil loss is 4.6 tons. This was

reduced to 2.0 tons under the soil-tolerance levels.

Feedlot runoff control alternative

Feedlot runoff from concentrated livestock operations is the primary
point3 source of agricultural pollution. Wastes that enter streams,
rivers, or lakes increase the concentration of plant nutrients in the
water, a process referred to as eutrophication. Eutrophication is a
natural process that may be beneficial, but in many locations the process
has been intensified by man-induced pollution to the point that there is
an excessive concentration of nutrients and, as a result, excessive algae

and plant growth. Some of the problems associated with eutrophication are

A point source pollutant is one where the source of the pollutant
can be traced to a particular location.
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oxygen depletion in the hypolimnetic waters of lakes, interference with
recreational uses of water, hindrance of drainage along waterways, and
increased costs of water filtration for domestic uses [[10].

The Federal Water Pollution Control Act Amendments of 1972 required
the United States Environmental Protection Agency to establish effluent
limitation guidelines for point source discharges. The proposed E.P.A.
guidelines appeared in the Federal Register of September 7, 1973.

However, a series of reports by the Economic Research Service of the

United States Department of Agriculture on the costs of controlling feed-

lot runoff had already been initiated before the guidelines were

published [2], [4], [8]. These studies were based on guidelines formulated

from preliminary E.P.A. information. Quantification of the modifications

made to simulate runoff control policies in the model [27] were based
on the budgets for beef feeding, swine, and dairy operations developed

in these reports.

Nitrogen fertilizer limit alternative

Commercial nitrogen fertilizer usage has increased more than three-
fold since 1960 [11]. Research has established that runoff and leaching
from agricultural lands are significant sources of nitrates in the
nation's lakes, rivers, and streams [10]. Allison [1] states.

"Only rarely have ... tests shown nitrogen recoveries in the
crop plus soil greater than about 95 percent of the applied nitrogen;
values of only 70 to 90 percent are fairly common, and a few are as low
as 60 percent ... Such results ... help to explain why nitrogen re-
coveries in the crop under average field conditions often are no greater
than 50 to 60 percent of that applied, even if immobilization is taken
into account."
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These values although not directly applicable to field studies do indicate

that in some circumstances a large proportion of the applied nitrogen
may find its way into the nation's waterways.

The potential hazards of increasing nitrate levels are well doc-
umented [10] and include the problem of eutrophication discussed earlier
and the potential for increased occurrence of methemoglobinemia (nitrate,
nitrite poisoning).

As a result of the potential envirommental hazards posed by
excessive nitrogen fertilization we considered a policy where the appli-
cation of commerical nitrogen fertilizer was limited to a maximum of 50

pounds per acre of actual nitrogen. The overall impact of the policy

was to reduce the average per acre application of nitrogen on all crops

from 49.3 to 34.0 pounds. More detailed results are presented in [27].

Removal of chlorinated hydrocarbon
insecticides alternative

The fourth policy considered was to simulate the withdrawal of the
four chlorinated hydrocarbons aldrin, dieldrin, chloradane, and hep-
tachlor from use on corn in the Corn Belt and Lake States areas.4 The
ban is consistent with recent legislation [5] which suspended the regi-

stration of pesticide products containing these chemicals for most

agricultural uses. These chemicals are particularly hazardous since due

to their persistence they tend to accumulate in the ground, air, and body

{ . " . 3 "
"States included in these areas are Minnesota, Iowa, Wisconsin,
Michigan, Illinois, Indiana, Ohio, Missouri, and parts of Nebraska,
South Dakota, and Pennsylvania.
™ I \} :‘A‘V .'[ >\
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tissues. An annual national human monitoring survey conducted by the
E.P.A. in 1971, indicated that based on tissue samples taken during

therapeutic surgery or at autopsy that 99.5 percent of all individuals

tested had detectable residues averaging 29 p.p.m. of dieldrin in their
adipose tissue [5].

The withdrawal is most critical with regard to two potential insect
problems: cutworms and a group known as the "first-year corn complex."
In simulating the policy, adjustments were made in the model to account
for the cost of substitute chemicals and rescue treatments, potential
yield reductions where cutworms are a problem or on rotations with
corn following a grass crop, reductions in yield due to loss of time-
liness, and additional costs associated with replanting if necessary

[27].

High export alternatives

To obtain an indication of the productive capacity of United States
agriculture with no environmental constraints and under an environmental
package consisting of all four policies considered, two additional runs
were made. The high export base was designed to measure the uncon-
strained productive capacity of United States agriculture in 1985 under
currently projected technology. The second combination high export and
environmental package model was designed to measure the impact of all

four environmental constraints on this productive capacity. In both high
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export solutions the model was first forced to meet the OBERSSE' high

[26] export demands for 1985 for all commodities except. corn, sorghum,

wheat, and cotton. These four commodities were constrained to meet the

OBERS E' levels of export [26] and then the model was allowed to export
all the additional quantities of these grains it could produce. In

all other runs the exports were set at the OBERS E' level and no addi-

tional exports were allowed. The export levels for the six grains con-

sidered in this study under the various policies are given in Table 5.

5 ; ;
OBERS is an acronyme referring to the Office of Business Economics,

now the Bureau of Economic Analysis, and the Economic Research Service.
The term OBERS is commonly used to refer to projections of regional

?co?omic activity published by United States Water Resources Council
25] .
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Table 6. United States grain production under various environmental and

Table 5. Alternative export levels for the various models
weather alternatives (1985)

High ExportC High Exportd

Commodity 1985 P 1985 OBERS
OBERS E’ E2 High Export Base Level Combination Model and Feed Food All
Level Weather a Grain Grain Grain
Alternatives
(Thousand Metric Tons)
Base (Thousand metric tons)
Corn 25,121.91 47,983.24 55,197.57 33,570.80 ===
Sorghum 4,064.27 6,858.38 8,396.15 5,281.21 ﬁgrmal 176,315.26 119,933.48 296,248.74
year 158,190.05 107,004.65 265,083.37
Barley 435,32 544.32 544.32 544.32 20 year 147,011.66 98.765.22 244, 405.21
Oats 145.12 275.79 275.79 275.79 40 year 134,563.80 98,105.59 232,466.38
Wheat 21,065.03 32,087.43 34,259.58 24,771.66
Soybeans 25,855.03 30,617.78 60,315.29 35,535.69 Soil Loss
Normal 181,563.09 124,828.86 306,391.95
45 OURCE : [26]. 10 year 162,898.40 111,372.30 274,159.51
‘ 20 year 151,387.30 102,796.56 252,773.35
Levels used for base, soil loss, nitrogen, livestock, and insecti- 40 year 138,568.95 102,110.00 240,425.76
cide levels. Livestock
“Levels obtained under high export base alternative. Normal 175,323.21 120.282.51 295.605.72
10 year 157,299.98 1 s 2 A
dLevels obtained under high export-environmental package combination. 20 zear 146’184 49 g;’g;g 22 Zig’ggz ?2
b * ’ . FY .
40 year 133,806.67 98,391.09 231,961.80
VI. RESULTS OF THE ENVIRONMENTAL
AND EXPORT ALTERNATIVES Birsagen
Normal 173,423.95 121,068.26 294,492.21
5 108, . 26 11.62
Impacts on Production and Utilization of Grains ;8 z::: iZZ’Zgg gg gg 2%; %g 24;,356 07
s . Y . ’ =
& ’ . 231,088.
Production of feed, food, and all grains in 1985 under the various ) year 132, 207415 9500 <A Al 03
I ticid
alternatives considered is provided in Table 6. Included are the expected =mnsectielce
N 1 175,487.04 120,508.79 295,995.83
1985 levels of production if the United States experienced the worst weather 18r$:ar 157 .446.97 107’517.94 264 .857. 06
20 146,321,0 9,238. 244 ,196.55
effect in terms of grain production expected to occur in 10-, 20-, or 40- 40 §2:£ 133 331 73 38,5;6 ig 232.267.92
" . 5 g 5 .

year periods. The expected levels of production were based on the data

in Table 4.
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Table 7. Utilization of U.S. grain stocks under the alternative models

Table 6. (continued) (1985)
Model Feed Food All
ﬁzgiieind Feed Food All Grain Grain Grain
- : i Grai
Alternatives GEdin e R Base (Thousand metric tomns)
(Thousand metric tons) Produced 176,315.26 119,933.48 296,248.74
Intermediate 127,569.92 46,343.46 173,913.38
3 Consumed 18,978.54 26,169.96 45,148.5
High Export g
High Txpor Net Export 29,766.65 46,920.06 76,686.71
Normal 202.506.11 163,119.90 365,626.01 ;
10 year 181,688.48 145,535.57 327,162.15 Soil
S 168,849.59 134,329.23 301, 641. 45
40 year 154,552.66 133,432.07 286,906.73 Produced 181,563.09 124,828.86 306,391.95
y Intermediate 132,817.76 51,738.84 184,556.6
Cadiation Consumed 18,978.54 26,169.96 45,148.50
P Net Export 29,766.65 46,920.06 76,686.71
Normal 195,032.19 125,691.77 320,723.96 .
10 year 174,982.88 112,142.19 286,983.79 Livestock
20 year 162,617.84 103,507.17 264,597.26
40 year 148,848.56 102,815.86 251,672.09 Produced 175,323.21 120,282.51 295,605.72
y ’ Intermediate 126,577.88 47,192.49 L7 3,770:,37
Consumed 18,978.54 26,169.96 45,148.50
Net Export 29,766.65 46,920.06 76,686.71

deather alternatives include: expected or normal, worst weather .
expected in a 10-year period, worst expected in a 20-year period, and Nitrogen
worst expected in a 40-year period.

Produced 173,423.95 121,068.26 294,492 ,21

Intermediate 124,678.85 47,978.22 172,657 507

Consumed 18,978.54 26,169.96 45,148.50

Table 7 gives a breakdown of the demands for grain into domestic Net Export 29,766.65 46,920.06 76,686.71
intermediate, domestic consumption, and net export categories. The shsecticlde

OBER.S E' projections [26] Of domestic consulnption for 1985 were used for Produced 175,487.04 120,508. 79 295,995-83

) . Intermediate 126,741.75 47,418.74 174,160.49

all models. The final demand for livestock commodities whose production Consumed 18,478.54 26,169.96 45,148.50

Net Export 29,766.65 46,920.06 76,686.71

provide an intermediate demand for grains, is the same for all models,

High Export

however the intermediate demand for grains varies among models. This is pos-

Produced 202,506.11 163,119.90 365,626.01

2 : . . diek: Vol dogenously, allowing con- Intermediate 119,113.77 42,375.05 161,488.82

sible since the livestock rations are determined endog y g Canibimed 18,978.54 26,169.96 45,148.50

siderable substitution among grains in the livestock rations. Net Export 64,413.83 94,574 .87 158,988.70
Combination

Produced 195,032.19 125,691.77 320,723.96

Intermediate 136,381.54 39,214.43 175,595.97

Consumed 18,978. 54 26,169.96 45,148.50

Net Export 39,671.98 60,307.35 99,979.33

.
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The production and utilization of feed and food grains on a national
basis is quite similar for the base, soil loss, nitrogen, and insecticide
policies. Even if the United States experiences the worst weather expected
in a 40-year period in 1985, domestic demands for all grains could be met
and an additional 13 million metric tons could be exported or added to
stocks. Individually, feed grains are affected more severely by weather
variation than food grains. If the worst weather expected in a 20-year
period occurs in 1985, U.S. domestic feed grain production would just
satisfy domestic demands. If the worst weather expected in 40-years
occurs, feed grain production would fall short of domestic demand by 12
million metric tons. However, in the 40-year case food grain production
would exceed food grain demand by 25 million metric tons. In this case
livestock producers would probably react to therrelative supply and demand
of the various grains and adjust ration formulations to substitute food
grains and hays for the higher priced feed grains. The most serious poten-
tial problem would be in meeting foreign export commitments in excess of
13 million metric tons or commitments for specific grains that might be
in particularly short supply as a result of the weather conditions.

There is a significant increase in grain production in the soil
loss alternative as compared to the base alternative. All grains produc-
tion increases by 3.4 percent, feed grains production by 3 percent, and
food grains by 4.1 percent, despite constant final demand levels. The
soil loss restriction requires farmers to use rotations incorporating a
small grain or hay crop in order to reduce per acre soil losses below the

soil-tolerance levels. The production of barley, oats, and wheat then
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increases substantially since the model is forced to include these grains
in rotation with the more erosive corn and soybeans. The excess supply of
these small grains over domestic consumption and export demands is utilized
as livestock feed. A greater total quantity of grains is required to sat-
isfy intermediate feed demands since the feed value of barley and oats

is lower than the corn they replace. Table 6 indicates an additional 10
million metric tons of all grains is required to meet intermediate live-
stock feed demands under the soil loss alternative.

Results for the high export alternative indicate that if U.S. agriculture
operates at full capacity in 1985, production of all grains would amount to 365
million metric toms, 23 percent greater than under the base alternative.

As a further indication of U.S. capacity, even if the worst weather ex-
pected in a 40-year period occurs in 1985, production of all grains will
still come within 10 million metric tons of the normal or base production
level. This small shortfall could easily be met by substitution of rough-
ages for grain in ruminant rationms.

It is important to emphasize that considerable possibilities for
substitution exists among grains in production if demand conditions man-
date. For example, wheat and sorghum can be grown on most corn and soybean
ground while corn can be raised in many areas where wheat is now commonly
grown. In most cases, however, total production of all grains is expected
to fall as one grain is expanded into fringe areas where its comparative
advantage declines.

Combining the four environmental policies together with the high

export alternative results in a 12-percent reduction in the production of
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all grains. However, because of the different approaches used to meet
intermediate demands, net exportable grains decline by 37 percent. In

the high export alternative, the export potential for corn, sorghum, wheat,
and soybeans causes production of these grains to be increased while pro-
duction of the other grains is decreased. In addition, corn, silages, and
hays are substituted for other feed grains in the livestock rations. The
latter reduces the total quantity of feed grains required for intermediate
use. Hence, additional acres are freed for production of the exportable
grains. Combining the environmental policies with the high export alter-
native increases substantially the quantity of feed grains devoted to
intermediate uses. For this combination of alternatives, imposition of
the soil loss tolerances and fertilizer limits causes small grains to be
substituted for the more erosive corn, soybean, - and silage crops. Since
there is a limited export demand for barley and oats, these grains are
substituted for corn in the 1livestock rations and corn is freed for the

export market.

Weather Variability Impacts
Variations in production are the result of different regional
production patterns under the various alternatives. Figures 9 through
20 illustrate the changes in regional production under the soil loss,
nitrogen, high export base, and combination alternatives. (Summaries
are not made for the feedlot runoff and insecticide alternatives since

their impacts on variability are minor.) The actual production of feed,
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food, and all grains under the various alternatives is listed in Tables
8, 9, and 10.

Regional production patterns change as the regional comparative
advantages among crops changes. Comparative advantages are based on the
underlying cost and return structure of the crops. For example, the soil
loss alternative may require a change in the production process for erosive
row crops from straight row to terracing or strip cropping in order to
meet the soil erosion limits. The additional conservation practice in-
creases costs without a proportional short run increase in returns. How-
ever, a less erosive crop such as wheat may not be affected by the policy.
If initially the row crop, say corn, is more profitable than wheat, then
corn enjoys a comparative advantage over wheat in this area. If after
implementation of the soil loss restriction the profitability of corn
falls below that of wheat, then the comparative advantage switches in
favor of wheat and production of this crop is expected to replace corn.

Table 11 indicates the relative impact of the various alternatives
on the expected variation in grain production. There are several
general results of interest indicated in Table 11. First, the variability
in feed grain production increases more than the variability in food
grain production for all alternatives in comparison with the base alter-
native. In fact, except for the high export alternative, changes in
the variability in food grain production are quite small. Second,
the overall impact of a policy alternative on production variability is
directly correlated with the "severity'" of the policy, where '"severity"

relates to the relative impact of the alternative on changing regional
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Table 8. Feed graina production under the various policy models by states (1985) with 1973~
for comparison
High Export High Export 1973-75
State Base Soil loss Livestock Nitrogen Insecticide Base Combination Average
(Thousand Metric Tons)
Maine 84.91 82.83 96.93 234.53 85.29 28.11 206.21 30.53
New Hampshire 2.65 287 3.03 7:33 2.67 0.88 6.44 -
Vermont 19,90 19.27 20,99 54.97 19.99 6.59 48.33 -
Massachusetts 10,65 10.28 12.12 29.32 10.66 3.51 25.78 -
Rhode Island 1233 1.28 1.51 3.66 1.33 0.44 3.22 -
Connecticut 5.31 5.14 6.06 14.66 5.33 1.76 12.89 -
New York 3,242,35 2,834.32 3,255.16 2,839.57 3,370.34 4,506.98 3,153.75 1,164.89
New Jersey 502,04 447 .64 504.09 433,27 523.43 704.34 495,95 196.50
Pennsylvania 6,968,86 5,758.89 6,982.69 6,294.29 7,169.14 9,420.84 6,336.23 2,635.21
Delaware 558,39 734.89 561.98 615.78 586.10 738,66 670.05 404,85
Maryland 448.18  1,643.99 496.86 599,20 528,99 456.76 1,086.30 1,277.58
Michigan 7,057.79  6,803.95 6,994.32 5,922.30 6,968.79 7,359.25 5,966.11 3,653.88
Wisconsin 10,147.06  8,618.23 10,085.45 9,604.83 10,471.03 12,655.29 10,407.93 5,522.67
Minnesota 13,387.63 17,044.65 13,295.65  17,822.87 13,807.18 20,016.09 25,016.65 13,230.11
Ohio 15,636.60  9,795.41 15,500.96  15,459.25 15,183.07 17,125.56 9,762.53 7,435.22
Indiana 6,944 .44 11,622.50 6,903.22 9,045.73 7,536.64 7,461,93 8,993.14 12,698.39
Illinois 28,077.61  24,046.80 28,043.07 17,774.39 24,690.91 18,951.14 17,678.73 27,687.54
Towa 25,313.58  18,286.98 25,241.81 25,593.96 25,316.81 33,037.68 30,852,14 28,735.49
Missouri 2,767.64 3,541,30 2,615.79 2,021.94 2,631.10 4,318.30 3,292.92 5,366,27
North Dakota 7,364.30  9,075.56 7, 381.,17 9,079.85 7,514.50 9,111.19 12,316.81 2,708.66
South Dakota 6,906.66 8,628.35 6,871.64 8,693.29 7,066.49 8,967.63 11,911.30 4,525.,42
Nebraska 3,352.03  8,843.34 3,297.80 5,561.70 3,340.16 15,104.52 10,988.23 15,178.90
Kansas 3,550.,27 5,552.70 3,687.29 5,855.44 4,035, 94 6,072.54 5,477.29 7,906.72
Virginia 740.19  1,541,15 745.28 532.88 761.07 229.28 926.80 1,316.11
West Virginia 133.01 108, 66 132.29 148.03 129.60 144.28 9,36 155.24
North Carolina  5,781.82  5,561.29 5,781.82 2,706.58 5,781.82 1,122.23 3,551.48 3,056.31
Kentucky 510.52 1,283.57 447.08 797.92 687.41 350.62 955.83 2,354.65
Table 8. (continued)
High Export High E 1973~
St gh Export 3-75
ate Base Soil loss Livestock Nitrogen Insecticide Base Combination Average
(Thousand Metric Tons)
Tennessee 1,099.58 821 .42 852.16 286.60
2outh Carolina  1,487.38 1,454.11 1,487.38 695.43 i’ZZ?'?g ;gi'gg ;f§’§§ ggé'gg
eorgia 306.64 2,432.87 306. 64 87.29 " 306. 64 . : ¥
- f . ! 365.42 1,267.88 2,546.35
Florida 60.71 246.81 60.71 38.46 i "442.
\ 4 ! 60.

:iabimai . 352.63 704.67 260.25 83.10 387.;i 122'22 323'33 335'?1
ssissipp .9 157.72 20.64 40.43 i y 3
:Ztinias 42;.;2 229.60 360.23 131,32 523:3; 1%2'53 132.22 223'22
siana ) 107.82 29.96 45,51 0 v 1 :
Oklahoma 983.01 1,168.55 1,027.64 1,490.20 1,1;8:2? 7§2:§$ 1 1;2'85 1 éii'gg

Texas 9,973.16 9,969. 64 9,993.85 9,453.20 9,860 "538. ey
Montana 3,937.37 4,302.99 3.937.54 4,049.02 3’931'23 g’gg§°25 gt i
Idaho 1,385.47  1,218.97 1,385.47 1,467 385, iy i~ % Ladegont
_ ,218. ,385. ,467.68  1,385.47 1,883.35 755.70 9
Wyoming 551.13 610.11 551.14 558.32 ; ; 'Y
Colorado 2,064.59  2,452.64 2,067.92  2,072.30 2,3?3:33 3,750 o 1,715 %5
w Mexico 49 413.63 493.13 412.81 4 "667. *402 ey
Arizona 231.45 117.80 231.45 368.81 231,45 °37.78 23,10 269.28
323zda 32;.22 341.91 331.50 .397.29 331.50 344. 64 402.86 2??‘22
; 23.37 21.74 41.1 ] F
gashington 735.27 637.48 735.27 770.62 7§§'g? i oig';g 363.32 A;Z.gg
rego A ’ . . .
i i R R B GRS Gman®  pmnt pEs
- R ,149. ,077. ,974. ,091. 724.73 272.10 2,278.93
nited States€17¢,315.26 181,563.09  175,323.21  173,423.95 175,487.04 202,506.11 195,032.19 173,258.76

a
Corn, grain sorghum, barley, and oats.

bSOURCE:

(18].

(¢4
Columns may not sum to United States total due to rounding errors.
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Table 9. Food grain@ production under the various policy models by states (1985) with 1973-75 averageb for

comparison
High Export High Export 1973-75
State Base Soil loss Livestock Nitrogen Insecticide Base Combination Average
(Thousand Metric Tons)
Maine 5.82 6.57 6.13 6.76 5.82 3.00 6.57 -—
New Hampshire 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
Vermont 13.87 15.66 14.61 16.11 13.87 7.16 15.66 -
Massachusetts 2.68 3.03 2.83 3.12 2.68 1.39 3.03 -
Rhode Island 0.45 0.51 0.47 0.52 0.45 0.23 0.51 -—
Connecticut 3.79 2.02 1.89 2.08 1.79 0.92 2.02 -
New York 482.48 301.61 484.97 663.72 437.29 165.40 226.24 195.92
New Jersey 201.45 101.37 201.86 291.54 179.63 53.63 64.02 100.47
Pennsylvania 825.36 495.85 827.65 1,092.47 752.87 347.10 396.85 318.92
Delaware 541.04 221.11 540.85 581.83 514.97 430.93 271.46 167.08
Maryland 1,507.44 525.55 1,504.63 1,265.16 1,492.32 1,708.30 932.43 370.50
Michigan 1,495.09 1,745.09 1,481.29 1,507.43 1,492.35 1,661.58 1,736.19 1,285.10
Wisconsin 158.59 315.38 163.78 173.95 128.78 125.39 275.36 197.76
Minnesota 4,870.50 6,967.34 4,884.47 5,789.60 5,048.63 7,542.67 4,962.73 4,998.48
Ohio 6,702.91 9,393.20 6,728.06 5,880.34 6,709.29 6,993.80 9,580.09 3,921.89
Indiana 11,061.61 10,176.66 11,075.07 9,446.44 10,526.30 12,140.71 10,105.36 4,457.23
Illinois 16,183.08 16,574.09 16,203.71 18,058.30 17,121.77 20,994.62 16,380.73 8,473.50
Towa 11,823.31 13,239.70 11,794.38 10,971.56 11,805.82 12,943.38 10,741.23 6,396.24%
Missouri 4,462.45 4,942.25 4,517.21  4,649.46 4,578.89 5,801.04 5,657.53 4,049.80
North Dakota 7,907.19 31.311.35 7,923.56 9,967.65 8,303.03 15,167.55 8,046.16 6,600.95
South Dakota 1,232.28 1,649.10 1,232.90 1,643.08 1,311.96 2,931.48 1,227.02 1,866.21
Nebraska 4,627.59 4,823.05 4,583.76  4,134.89 4,607.96 5,687.94 5,762.58 3,520.67
Kansas 9,467.31 10,381.12 9,507.32 7,884.80 9,459.47 12,210.12 11,953.73 10,190.73
Virginia 1,767.11 648.37 1,763.82 1,353.25 1,753.63 2,278.00 1.137.23 524.21
West Virginia 36.01 12,44 35.94 29.76 35,02 41,46 22,50 13.40C
North Carolina 790.74 676.18 790.74 1,657.43 790.74 3,489.14 844.19 1,120.29
Kentucky 1,164.84 1,033.10 1,173.62 1,007.21 1,110.89 1,318.16 1,057.04 1,076.07
Table 9. (continued)
Hi ort High Export 1973-75
State Base Soil loss Livestock Nitrogen Insecticide Ba§2 o Cogbin:Eion Average
(Thousand Metric Tons)
Tennessee 1,272.36 1,241.79 1,321.97 1,335.40 1,230.58 i
South Carolina 934.12 613.62 930.26 1,590.78 ’928.42 3:338:3? 1'311:22 1,§g§.gg
Georgia 3,657.56 782.25 3,620.52 3,368.15 3,602.88 3,852.75 1,407.03 796:24
Florida 1,609.93 330.93 1,594.49 1,489.34 1,587.14 1,694.17 ’590.61 204.02
Alabama 1,904.35 950.44 1,895.38 1,761.79 1,873.31 2,040.18 1,262.32 757.72
Mississippi 2,835.64 3,430.01 2,835.64 2,645.12 2,835.64 2,898.75 3,280.71 1,691.18
Arkansas 3,673.05 4,405.54 3,829.65 3,968.63 3,487.51 4,606.18 4,899.96 5,303.09
Louisiana 1,856.61 2,226.94 1,856.61 1,753.82 1,856.61 1,934.67 2,129.61 1’123.43
Oklahoma 2,203.45 24543.97 2,251.86 1,696.55 2,201.93 3,198.61 2:860.12 4’246.47
Texas 1,603.97 1,930.78 1,612,531 1,881.61 1,603.70 2,709.82 2,364.44 2’793.20
Montana 715.61 462.44 704.89 1,454.35 863.96 4,979.76 570.36 3,381.54
Idaho 1,574.42 1,780.48 1,579.57 1,549.69 1,598.04 2,759.48 2,061.63 1’545.00
Wyoming 152.18 120.59 148.07 162.84 151.17 299.96 161.60 ,170.98
gzio;:izco l,69f.86 l,éig.ig 1,575.04 1,597.62 1,581.03 2,330.14 1,973.12 1,614.52
s 8 . - 2.26 v 5.69 53.63 195.08
e iy 221.91 e 7.95 — 483.99
Utah 238.69 288.17 238.69 377.40 244,80 527.X3 522.50 2,562.82
Nevada 94.24 61.52 94.38 © 57.68 75.38 93.48 78.80 26.50
Washington 3,478.48 3,913.81 3,490.72 3527315 3,527.89 5,978.06 45325.53 3,234.69
Oregon 1,136.16 1,260.55 1,140.08 1,056.70 1,144.22 ¥,925.20 1,397.48 1,320.29
California 1,759.18 1,158.86 Y ;761571 1,084.38 1,408.35 2,005.64 1,619.89 1:198.41
United States~ 119,933.48 124,826.86 120,282 .51 121,068.26 120,508.79 163,119.90 125,691.77 89,979.90

Wheat and soybeans .

bsource: [18].

CMay not sum due to rounding.

[A/]

€%



Table 10. Production of all grainsa'under the various policy models by states (1985) with 1973-75 averageb for

comparison
High Export High Export 1973-75
State Base Soil loss Livestock Nitrogen Insecticide Base Combination Average
Maine 90.72 88.80 103.06 241.29 91.10 31.11 212.78 30.53
New Hampshire 2.65 2.57 3.03 7.33 2.67 0.88 6.44 -
Vermont 33.77 34.93 37.33 71.08 33.86 13.75 63.99 —
Massachusetts 13.30 13.31 14.94 32.44 13.35 4.90 28.81 -
Rhode Island 1.77 1.79 1.99 4.18 1.78 0.67 3.73 —
Connecticut 7.10 7.16 7.94 16.74 7.12 2.68 14.91 -_
New York 3,724.83 3,135.93 3,740.13 3,503.30 3,807.63 4,672.38 3,379.99 1,360.81
New Jersey 703.49 549.02 705.95 724.80 703.07 757.97 559.97 296.97
Pennsylvania 7,794.22 6,254.74 7,810.34 7,386.76 7,922.01 9,767.93 6,733.07 2,954.13
Delaware 1,099.43 956.00 1,102.83 1,098.61 1,101.07 1,169.60 941.51 571.93
Maryland 1,995.61 2,169.54 2,001.49 1,864.37 2,021.31 2,165.06 2,018.73 1,648.08 f:
Michigan 8,552.88 8,549.04 8,475.61 7,429.73 8,461.14 9,020.82 7,702.30 4,938.98
Wisconsin 10,305.65 8,933.60 10,249.22 9,778.78 10,599.81 12,780.68 10,683.29 5,720.43
Minnesota 18,258.13 22,011.90 18,180.42  23,612.47 18,855.81 27,558.76 29,979.38 18,228.59
Ohio 22,339.50 19,188.62 22,229.03 21,339.59 21,892.36 24,119.36 19,342.62 11,357.11
Indiana 18,006.05 21,799.16 17,978.29  18,492.17 18,062.94 19,602.64 19,098.51 17,155.62
Illinois 44,260.69 40,620.89 44,246.79 35,832.69 41,812.67 39,945.75 34,059.45 36,161.04
Iowa 37,136.89 31,526.68 37,036.18 36,565.52 37,122.63 45,981.06 41,593.38 35,131.73
Missouri 7,230.09 8,483.54 7,133.00 6,671.39 7,209.98 10,119.35 8,950.45 9,416.07
North Dakota 15,271.50 20,186.91 15,254.73 19,047.50 15,817.54 24,278.74 20,362.97 9,309.61
South Dakota 8,138.94 10,277.45 8,104.54 10,336.36 8,378.45 11,899.11 13,138.32 6,391.63
Nebraska 7,979.63 13,666.38 7,881.56 9,696.59 7,948.12 20,792.46 16,750.82 18,699.57
Kansas 13,017.58 15,933.82 13,194.61 13,740.24 13,495.41 18,282.66 17,431.02 18,097.45
Virginia 2,507.30 2,189.52 2,509.10 2,088.13 2,514.69 2,507.28 2,064.03 1,840.32
West Virginia 169.02 121.10 168.23 177.80 165.33 185.74 116.86 168.64
North Carolina 6,572.56 6,237.47 6,372.56 4,364.01 6,572.56 4,611.37 4,395.66 4,176.60
Kentucky 1,675.36 < 316.67 1,620.70 1,805.13 1,798.29 1,668.78 2,012.87 3,430.72
Table 10, (continued)
High Export High Export 1973-
State Base Soil 1loss Livestock Nitrogen Insecticide Bage @ Coibinzzion Avezaéz
(Thousand Metric Tons)
Tennessee 2,371.94 2,063.20 2;174.13 1,622.00 2 .
South Carolina 2,421.50 2,067.72 2,417.64 2,286.21 Z,Zig.gg §’§gg:gg i,ggg-gi i,ggg‘g;
Georgia 3,964.20 3;215,12 3,927.16 3,455.20 3,909.52 4’818.17 2’674.91 3’342.59
Florida 1,670.64 577.09 1,655.20 1,527.79 1,647.85 1’737.03 1’204'64 ’646.13
Alabama 2,228.04 1,655.11 2,155.63 1,844.89 2,260.82 2:188.44 1’511:12 1 587'26
Mississippi 2,862.63 3,581,173 2,856.28 2,685.54 2,869.01 2,916.96 3,329 75 1’884.99
Arkansas 4,134.79 4,635.13 4,189.88 4,079.95 4,151.48 4’731.38 5’096.23 3’643.53
Louisiana 1,886.57 2,334.75 1,886.57 1,799.33 1,886.69 1’955.47 2’176.66 1’234.80
Oklahoma 3,186.46 3,712,52 3,279.50 3,186.75 3,330.44 3:969.93 3’967:03 5’280'38
Texas 11,58¥7,13 11,900.42 11,606.36 11,334.80 11,464.04 12,661.97 10,902.95 14,548.16
Montana 4,652.98 4,765.43 4,642.43 5,503.38 4,795.60 7,983.16 5’458 03 4’619.36 e
Idaho 2,959.90 2,999.45 2,965.05 3,017.37 2,983.51 4:642.82 2’817.33 2’470.50 &
Wyoming 703.30 730.71 699.20 721.16 701.72 805.73 ’805.95 ’392'30
Colorado 3,671.45 3,924.85 3,642.97 3,669.92 3,659.07 5,104.63 4 134.53 3 330-01
NeY Mexico 493.49 430.82 493.13 415.07 493.49 ’673:32 ’545:76 ’716.18
Arizona 231.45 117.80 231.45 589.72 231.45 95.73 234.18 953.27
Utah 570.19 630.09 570.19 774.69 576.30 871.77 925.36 2 780.30
Nevada 115.89 84.89 116.12 . 98.83 97.43 107.62 83.18 ! 43'80
Washington 4,213.75 4,551.29 4,225.99 4,043.79 4,263.16 6,996.64 4 685:88 3 731‘57
Oregon ' 1,789.40 1,838.40 1,793.55 1,787.52 1,798.44 2,790.49 1:702.04 1:601:86
California g 2,832.39 2,308.20 2,839.18 3,058.88 2,499.86 2,730.37 1,892.00 3,477.34

United States

296,248.74 306,391.95  295,605.72  294,492.21 295,995.83 365,626.01 320,723.96 263,238.66

a :
Corn, grain sorghum, barley, oats, wheat, and soybeans .

|
| bSOURCE: (28] .

€ columns may not sum to U.S. total due to rounding .
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production with respect to the base alternative. These results as well
as their underlying causes are discussed further under the individual

alternative below.

Table 11. Estimated relative increase in weather variation in grain
production under the various alternatives (base alternative =

100)
Feed Food All
Policy Grains Grains Grains
Base 100.00 100.00 100.00
Soil Loss 104.04 100.09 102.41
Livestock 100.03 100.00 100.01
Nitrogen 101.34 100.19 101.33
Insecticide 100.18 100. 07 100.28
High Export 102.39 101.84 102.79
Combination 104.54 100.68 102.99

Soil loss alternative

Regions with high levels of sediment carried by streams are delineated
in Figure 8. These regions provide a rough indication of areas where soil
erosion is a major problem. As might be expected under the soil loss
alternative, as compared to the base alternative, the more erosive row
crops shift out of the more erosive areas and are replaced by less erosive
small grains and hays. For example, corn and soybeans shift out of the
Corn Belt and Southeast into the Plains and Lake States, while the produc-
tion of wheat, barley, and oats increases in the more erosive areas of the
Southeast, Corn Belt, and Delta States under the soil loss alternative.

In addition, this alternative causes more corn and soybeans to be produced
in rotation with barley and oats as evidenced by increased production of

oats, barley, corn, and soybeans in the Plains.

47

a

Figure 8.

Generalized regions of sediment carried by streams, expressed in tons/ha per year

[

4S0URCE:
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As Table 11 indicates, production variability under the soil loss
Testriction increases by 4 percent for feed grains but by less than 1
percent for food grains. Overall, production of feed grains decreases
in the Corn Belt and Lake States and increases in the Plains and Southeast,

Figure 9. Comparing Figure 9 to Figure 5 indicates that overall feed

grain production increases in areas of relatively high weather variability

and decreases in areas of relatively low weather variability.

The impacts of changes in the location of food grain Production under

the soil 1loss alternative are not as clear. Soybean production shifts

out of the Southeast and Corn Belt into the Plains while wheat shifts N TTTTIT

out of the Plains into the Delta States and Corn Belt. Overall, there was

a net decrease in production of food grains in the Southeast and net in-

creases in the Delta States, Plains, Corn Belt,. and Lake States, Figure 10

The net effect on expected weather variability is insignificant.

The combined food and feed grain effect is illustrated in Figure 11.

The overall impact on weather variability is quite similar to the feed

grain effects (Figure 9) since the food grain impacts are insignificant.

Nitrogen alternative

Table 12 lists the total usage of nitrogen by states in 1974. These

nitrogen application is likely to be restrictive in crop production. Corn
is the most nitrogen intensive Crop considered, with an average national
application rate of 102.5 pounds Per acre fertilized in 1974. The 50

w pounds restriction generally is not limiting for wheat, oats, barley, sor-

ghum, and soybeans.

Percent change in feed grain production under the soil loss alternative

0-50% decrease

@ 0-100% increase
[] > 50% decrease

=

B > 1002 increase

Figure 9.
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B > 1002 increase

E3

100% increase

0-

0-50% decrease

=

[] > 50% decrease

- Percent change in food grain production under the soil loss alternative

Figure 10

e

s 5

5%

~
= 4

B > 100% increase

&

0-100% increase

0-50% decrease

=

Percent change in all grain production under the soil loss alternative

(] > 50% decrease

Figure 11.



Table 12.

Use of nitrogen as fertilize

by States, ¥?ar ended June 30, 1974 Total

nitrogen use and pPer acre rates

for corn, soybeans,C wheat,“ and cotton, in selected states
Corn Soybeans Wheat Cotton
1974 use Percent Pounds Percent Pounds Percent Pounds Percent Pounds
1,000 acres N per acres N per acres N per acres N per
State tons of N Teceiving N acre receiving N acre Teceiving N acre receiving N acre
Maine 16.7
New Hampshire 2.6
Vermont 7.1
Massachusetts 9.0
Rhode Island 2.6
Connecticut 8.2
New York 86.8
New Jersey 24.3 w
Pennsylvania 88.0 97.4 71.1 -
Delaware 16.5 96.2 112.4
Maryland 46.9 100.0 92.5
District of Columbia .9
Michigan 155.0 98.0 72.4 96.8 37.7
Wisconsin 139.6 98.2 61.7
Minnesota 410.3 93.6 83.0 17.6 14.5 91.8 52.3
Ohio 288.4 98.8 90.4 46.8 12.9 96.9 40.1
Indiana 354.1 99.4 101.9 48.8 9.8 98.6 53.4
Illinois 738.3 95.5 113.2 11.9 10.5 95.8 57.0
Iowa 750.5 89.7 101.8 6.5 8.7
Missouri 351.2 93.4 116.7 11.9 16.7 98.8 53.4 97.2 60.2
North Dakota 132.6 63.1 20.8
South Dakota 104.4 59.3 47.4 52.4 23.0
Nebraska 585.9 93.7 130.9 7.4 A ) 72.2 45.2
Kansas 563.7 92.9 139.7 12,2 DI 68.2 48.9
Virginia 80.0 98.3 133.3
West Virginia 8.7
North Carolina 217.3 100.0 132.9 56.9 16.5 100.0 69.8
. - - » —— i e T A——— T Tr—
Table 12 (continued)
Wheat Cotton
Corn SOYbeanﬂPounds Ty Foiads Pevt ot Pounds
Percent Pounds Percent Niber acres N per
1974 use acres N per scres per dmaie N acse receiving N  acre
1,000 receiving N acre receiving N acre receiving
State tons of N
Kentucky 121.2 100.0 96.5 Sed Rt 100.0 65.8
T 115.8 ¥ 100.0 101.3
emmessee 59.5 21.1 118.8
South Carolina 104.3 100.0
99.1 124.2
Georgia 283.2
Florida 216.7 100.0 99.5
103.2
Alabama 174.1 16.5 23.0 100.0 -
Mississippi 228.0 20.0 16.1 9748 68.6
Arkansas 151.0 16'8 18.6 97.9 1-2
Louisiana 151.4 % 65.4 53.5 47.2 28‘3
Oklahoma 210.5 64.7 81.8 54.6 48.
Texas 800.4 36.8 13.0 s
Montana 45.9 72.1 69.1 w
Idaho 125.4
17.6 f 35.4
gzgzizﬁo 118.6 92.2 157.8 -1 52.0 48.9
New Mexico 34.4 97.1 122.9
Arizona 108.0
Utah 25.6
Nevada 20‘;-123 86.5 69.4
Washington e 81.7 69.2 gy 5 103.6
e g 542.8 2 3 4 46.5% 78.7° 77.6°
e 9,073.2 93.62 102.5 21.9 14.7 66.3
8 S0URCE: [5]
bSurvey of 17 states representing 91 percent of total wheat acres harvested in U.S. in 1974.

CSurvey of 14

dSurvey of 17

eSurvey of 14

states

states

states

representing 85 percent of total soybean acres harvested in U.S. in 1974.
representing 91 percent of total wheat acres harvested in U.S. in 1974.

representing virtually all cotton acres harvested in U.S. in 1974.
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reduced yields of nitrogen intensive Crops, an increased acreage of nitro-

more nitrogen intensive Crops. The 50 Pounds limit reduces U.§, average
corn yields 134 Percent and increases total corn acres in the United
States by 10 Percent., The acreages of wheat, sorghum, oats, and barley
also increage as their Comparative advantage r

elative to €orn increasesg

with lower nitrogen rates and yields for corn. The increage in production

of wheat, oats, sorghum and barley, coupled with the decrease inp corn

production, induces changes ip the livestock ration formulations. Inter-

8rain fed to 57 Percent gas Compared to the base alternative. Looking at
the individual grains, intermediate use of corn falig 12 percent while
sorghum increases by 66 pPercent, oatg by 72 Percent, and barley by 64

percent. Becauge of the lower feed value of these gr

grain Production, Table 17, Figure 12 illustrateg the shiftg in feed
8rain production which occur under the nitrogen alternative, in comparison
with the bage alternative, The majority of the 10 percent increase ip

Corn acreage occurs in the Great Plaing as corn Production shifts out of

S Vi,

Percent change in feed grain production under the nitrogen alternative

0-100% increase
0-50% decrease

[J > 50% decrease

B3
=|

Figure 12.
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the Corn Belt and Southeast. This shift in production results as yields
are lowered in the Corn Belt and Southeast, regions where nitrogen appli-
cation rates typically are among the highest in the nation, Table 12,
rather than from a reduction in the number of acres of corn raised in
these regions. Production of oats, barley, and sorghum increases mainly
in the Plains and Corn Belt areas.

Figure 12 illustrates the net decrease in feed grain production in
the Southeast, Southern Plains, Corn Belt and Lake States and the net in-
crease in the Northern Plains, Mountain, and West Coast regions under the
nitrogen restriction alternative as compared to the base alternative.
Comparing Figure 12 with Figure 5, the major factor behind the increase
in variability of feed grain production is the greater production in the
Northern Plains under the nitrogen restriction alternative.

The effect of the nitrogen alternative on food grains is illustrated
in Figure 13 and the net effect on all grains in Figure 14. The shifts in

wheat and soybeans are similar to those in the soil loss policy.

High export alternative

The high export alternative results in a general expansion in the
production of all grains, Figure 15. This alternative responds to in-
creased grain export levels by shifting the production of corn, soybeans,
wheat, and sorghum to areas with the greatest comparative advantage in the
production of each crop. Regional specialization emphasizes corn and soy-
beans in the Corn Belt, wheat and soybeans in the Southern Plains, Delta

States, Southeast, and Appalachian States, and corn and wheat in the Lake

States and West Coast.

Z

Percent change in food grain production under the nitrogen alternative

. > 100% increase
0-100% increase
0-50% decrease

[] > -50% decrease

&3
B

Figure 13.
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B > 1002 increase
B 0-100% increase
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Figure 14. Percent change
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The result of the increased export demand is a 23 percent increase
in all grain production, Table 6. Of this 69.4 million metric ton in-
crease, one-third is in the four plains states North Dakota, South Dakota,
Nebraska, and Kansas, Table 10. The increase occurs in both food and
feed grains indicating that a large amount of additional cropland is
brought into production.

The livestock rations also change under the high export alternative.
Corn is substituted for wheat, oats, barley, and sorghum since its higher
feed value allows the energy requirements of the livestock sector to be
met with 12 percent less total grain. Individually, corn increases from
73 percent to 89 percent of the total grain used in livestock rations,
while barley, oats, and wheat each decreases approximately 80 percent from
levels of the base alternative.

As Table 11 indicates, the high export alternative is the only one

w where the relative increase in variability of food grains production is

significant. Although food grain production increases generally over the

fet%efe%sle!

nation, the largest increases occur in the Southern Plains, Delta States,

Southeast, and the Northern Plains, Figure 16. As Figure 6 indicates,

these are the areas of greatest variability in food grain production.

Percent change in food grain production under the high export alternative

The increase in variability of feed grain production is primarily % g z §
the result of the large increase in acreage in the Plains States and ' 'g .E % %
Missouri under the high export alternative. The impact of this increased §§ §§ ;; ;;
acreage on production variability is illustrated in Figure 17. ' ; g 2 7\
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Combined high export and
environmental alternative

As suggested by the results of the individual policies, the soil
loss restriction and high export demands have the greatest impact on inter-
regional land use and crop production variability. The soil loss restric-
tion forces row crops, corn and soybeans out of the Southeast and Corn
Belt into the Northern and Southern Plains. In addition, in the combined
high export and environmental alternative regions were unable to specialize
to the extent they did in the high export alternative since the soil loss
restriction eliminated many of the continuous row crop rotations. Figures
18, 19, and 20 illustrate the regional production shifts in feed, food,
and all grains under the combined high export and environmental alternative.

VII. INTERACTION BETWEEN OPTIMAL GRAIN
STOCK RESERVES AND WEATHER

Policy makers may desire to maintain a stock of grain reserves to
offset occasional shortages caused by unfavorable weather [3]. The three
policy alternatives considered in this analysis are: (1) grain reserve
to meet 90 percent of domestic shortfalls and 60 percent of foreign short-
falls (policy I), (2) grain reserve to meet 90 percent of domestic short-
falls and 75 percent of foreign shortfalls (policy II), and (3) grain
reserve to meet 90 percent of domestic shortfalls and 60 percent of foreign
shortfalls in the same year (policy III).

Démand for grain is divided into two general categories, food grains

for human consumption and feed grains for livestock consumption. However,
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for this analysis, food and feed grains are considered substitutes when
shortages occur. These three policies will be evaluated under the three
weather conditions discussed earlier; namely the worst weather expected

in 10-, 20-, and 40-year periods.

Alternative Levels of Grain Stock Reserves

Grain reserves to meet 90 percent of
U.S. domestic shortfalls and 60 percent

of foreign shortfalls: policy I

Food, feed and all grain reserves for a 10-year period Table 4

indicates that the worst weather expected in a 10-year period results in

a decrease of 10.5 percent in all grain production, a 10.3 percent de-
crease in feed grain production, and a 10.8 percent decrease in food grain
production in the United States. Table 13 lists the changes in contin-
gency stocks, the portion of the stocks used to cover shortfalls during
the period, and the storage costs associated with alternative grain reserve
levels. High reserve levels allow a greater coverage of shortfalls, but
only at a higher per unit used storage cost.

During the two 10-year periods from 1952 to 1971, the average total
grain shortfall in both the United States and the world was 192 million
metric tons. A reserve level equal to 8 percent of U.S. production trend
during this period results in 174 million metric- tons in reserve and 51
percent of the total shortfalls covered. A 22 percent reserve level allows
for more than 90 percent of the shortfalls to be covered during the same
period. However, storage costs per ton used are $11.30C at the 22 percent

level and only $6.30 at the 8 percent level. The difference in storage
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costs reflects the smaller percentage use of the reserves on hand at the
22 percent level.

A contingency stock level of 14 percent (Table 13) of the U.S.
production trend is sufficient to meet the requirements of policy I; 305
million metric tons are held in reserve with 45 percent of the stocks
used to meet shortfalls during the 1l0-year period. Storage costs to hold
the reserve are $8.10 per ton used.

Table 14 breaks the reserves down into food and feed grain components.
Under policy I, a reserve level equal to 41 percent of the U.S. food grain
production is required to meet food grain shortfalls; but a level equal
to only 10 percent of the U.S. feed grain production is required to meet
feed grain shortfalls. The total world food grain shortfalls accumulated
during the period are 162 million metric tons, 86 percent higher than the
total world feed grain shortfall of 87 million metric tons. Under policy
I, the U.S. contingency stocks of food grains during the period are 238
million metric tons with 43 percent of the total used to meet food grain
shortfalls. Likewise, the U.S. contingency stocks of feed grains during
the period are 138 million metric tons with 52 percent of the stocks used
to meet feed grain shortfalls. As a result of the higher food than feed
grain requirement, the storage costs of food grains per ton used are $9.00
while those of feed grains are only $6.90.

Food, feed, and all grain reserves for a 20-year period The worst

weather expected in a 20-year period results in a decrease of 17.5 percent

in U.S. grain production, 16.6 percent in U.S. feed production, and 17.7
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