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Abstract. OQwn- and cross-price production
elasticities, estimated in four major agricultural
States (California, Iowa, Texas, and Florida), meas-
ure the sensrtrvity to price changes of as many as 25
indinidual crop and lwestock output supplies and
stx rnput demands While most responses were
highly inelastic, a wide range of elasticities occurred
across States The range was generally greater for
crop supplies than for lwestock supplies or input de-
mands The wide range of elasticilies demonstrates
the need for economic analysis to focus on specific
groups of producers when assessing distributional
consequences of policy changes
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Domestic and international policy simulations 1e-
quire estimates of agnicultural outpul supply and
input demand relationships For example, success-
ful GATT negotiations hinge on how producers in
the Umted States and elsewhere respond to
changes in maiket prices and withdrawal of output-
and input-distorting government incentives The
telative ments of alternative environmental pol-
1cies depend on produceis’ input choices Secondary
(or indirect) effects on outputs or inputs other than
the one(s) directly taigeted by a particular pohey
msfrument are sometimes as great as the duect
elfects How producers are alfected can vary with
scale of operation, resources, and geographic loca-
tion Understanding intercommodity and distrbu-
tional consequences demands reliable estimates of
own- and c1o0ss-price commodity supplies and input
demands for important groups of producers

Yet, because of computational burden and data lim-
1tations, emmrical 1esearch on intercommodity 1ela-
tionships has generally concentratled on estimates
at a nattonal or regional level for highly aggregated
categories (Ball, 1988, Huffman and Evenson, 1989,
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Shumway and Alexander, 1988) ! Policy inferences
fiom such studies have been limited to the aggre-
gate effects of apgricultural policies, often 1gnoring
geographic and commodity distributional effects

Because of the large number of agiicultural com-
modities produced and mputs used and because of
the heterogeneity of production 1n most areas of the
countiy, complete output supply and input demand
elasticity matrices can be derived only if estimation
models can be simplified Simplification 1n model
speafication becomes necessary to conserve degrees
of freedom 1n estimation and to reduce collineanty
Analytic sitmphfication 15 justifiable whenever data
are consistent with cerlain theoretical and struc-
tural properties For example, when production 1s
nonjoini 1n inputs, commodity supphes are inde-
pendent of other output prices When production 1s
sepaiable, quantities can be aggiegated and pro-
duction analysis can be performed 1n stages with
subsets of variables and with the aggregates with-
out distorting the disaggregated results Sepa-
rability 18 particularly crucial since, without the
abihty to perform multistage modehng, estimating
all commodily cross-price elasticities from a given
data set 1s often impossible Each of these piroper-
ties permits specification of individual econometric
models that 1equire estimation of fewer param-
eters Thetefore, we requue less information from
the usually himited and imperfect data available

This article exploits the analytic stmplification ep-
portunities permtted when production data exhibit
reasonable consistency with homothetie sepa-
1abiity and/or nonjointness properties The objee-
tive 1s to estimate complete matrices of output
supply and input demand elasticities for four major,
geographically separated, agricultural States (Cal-
iformia, Iowa, Texas, and Florida), each of which
produces a large number of commercial‘agiicultural
products Both own- and cross-price elasticities will
be computed at the individual commodity level

Model Specification

We assumed that the collection of producers 1n each
State behaved like a price-taking, profig-

1Sources are listed 1n the references section at the end of this
article
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maximizing firm with a State-level aggregate pro-
duction function, and modeled each State as though
1t was a perfectly competitive firm We assumed
regularity conditions on the production function to
assure that a twice-continuously-differentiable dual
profit function could be derived Application of
Hotelling’s lemma to the profit function yielded a
set of output supply and input demand functions for
each State Based on the results of functional form
tests conducted by Ornelas, Shumway, and Ozuna
{1991), who used U S agricultural data, we mod-
eled the aggregate State-level restricted profit fune-
taon by using the normalized quadratic functional
form

= bo + 2:1 blpl + E:1=rn+1 b'lzl

+ 05 (22, T, bypp,
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where w 1s profit (receipts less vanable costs) di-
vided by the price of netput (input or output) 0,
P1s  »Pm are the output and vanable 1nput prices
divided by the price of netput 0, z,,,, .2, are
fixed input quantities and other nonprice exogenous
vanables, and by, b, and b, are parameters

To maintain consistency with the competitive the-
ory and a twice-continuously-differentiable technol-
ogy, linear homogeneity of the profit function 1n
prices was apphed thiough normalization (that 1s,
dividing profit and piices by the price of netput 0),
and symmetry {reciprocity) conditions among the
first-derivative equations were imposed via linear
parameter 1estrictions Convexity was maintained
by using the Cholesky factorization (Lau, 1978)
Monotonicity was not maintained but was checked
at each observation The estimation system con-
sisted of the first-derivative output supply and 1n-
put demand equations

amfap, = X, = by + T 01 byp, + .1 by,
fori=1 ,m, (2)

where x,, ,X,, are the netput quantities, positively
measuted for outputs and negatively measured for
nputs

By subtracting these price-weighted supply and de-
mand equations from the normalized restricted
profit function, we obtained the numeraire equation
(the quantity supphed of netput 0)

Xo = ™ — 2,0y p,{@n/dp,) = by
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which 15 a quadratic function 1n normalized prices
and fixed 1nputs

When the underlying technology 1s homothetically
separable 1in a partition of variables, data within
the partition can be consistently aggregated and
consistent multistage choices can be conducted As-
suming the same functional form as for the ag-
gregated model, the normalized quadratic sub-
optimization (second-stage) model for the separable
partition, s, was

m n
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where w_ 1s normalized profit for the subset,
Pie  »Pms 2re the normalized prices within the sep-
arable subset, z,,,,, ., .2, are the exogenous vari-
ables not included 1n the homothetic separability
tests, g, 1s the aggregate netput quantity index of
the separable subset, and bgg, b,., b, ., €., ¢, and d,
are parameters

st

Applying Hotelling’s lemma to equation 4, we ob-
tained the system of allocation equations

aTrE/apm = X = blS + 2;:1 bl,]bp_]s + E_;-l=r'n+1b1_]qz_].5

t+ Cs0s for1 = 1; ,11, (5)

where x;,, ,X,,. are the allocation equations for
the suboptimization model By subtracting the
price-welghted allocation equations from equation
4, we determined the quantity supplied of netput 0
(numeraire equation) of the subset

Xgs = Tg — Zio1 PusdTe/3D1s = Dog
+ 21 biszis — 05(Z1L; Z721 byabicbys)
+ 05(30 vt Ziome1 Dyetistys)
+ €0 + Zp a1 CisZisls + 0 5402, (6)

which 15 a quadratic function 1n the normalized
prices, aggregate index, and other exogenous
vanables

Third-stage suboptimization models were formu-
lated whenever the suboptimization model, equa-

tion 4, included an aggregate price index among the
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normalized prices within the separable subset
These models were conslructed following the pat-
tern described 1n equation 4, and thewr allocation
equations weie obtained fiom their derivatives as
1n equations 5 and 6

Data and Variable Specification

Annual State-level data commled by Evenson and
others (1986) for the period 1951-82, and updated to
1986 by McIntosh (1989a), supported this article
Qutput prices and quantities were included for as
many as 14 field crops, four vegetables, four fruit
ctops, and seven hvestock commodities, plus re-
sidual crop and hivestock categoiles that consisted
of other commeicial food and fiber production for
the given State Variable input prices and quan-
tities wete included for fertilizer, pesticides, hired
labor, machinery operating inputs, miscellaneous
variable inpuls, and capital services Quantity data
were ncluded for the fixed input categories, land
and family labor The aggregate models 1included
such exogenous variables as expected output prices,
current varable input prices, and quantities of the
fixed inputs (land and family labor), time, tempera-
ture, precipitation, and effective diversion
payments

Because of the laige number of individual outputs
(as many as 25 1n some States) and input categories
{8) and the himited number of data observations
available (36), 1t was at fi1st necessairy to aggregate
the data Based on common nonrejected non-
parametric separablity tests using 1956-82 data fo1
each of these States, this aggiegation included four
output calegories and thiee vanable inpul catego-
11es {Lim and Shumway, 1992) The output aggie-
gates were crops, meat ammals, milk-poullry, and
other livestock The meat animals category 1n-
cluded cows and calves, hogs and pigs, and sheep
and lambs The milk-poultiy category included
milk, eggs, broilets, and {urkeys The other hive-
slock category included all remaiming commercial
food animal commodities not included in the meat
anmimal or milk-poultiy aggregates The variable in-
put categories were labor-capital, materials, and
pesticides The labor-capital category included
hired labor, machinery operating inputs, and capi-
tal services The matenals category included fertil-
1zer and miscellaneous variable inputs We
aggegated all price categories using the Torngvist
index

The vanable-input category, pesticaides, and the two
fixed-input categories, family labor and land, were
not aggregated further in the aggregate models
Pesticide price and quantity data were provided by
McGath (1989} at the Economic Research Service A
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weighted average of effective diversion payments
for farm program crops was constructed using profit
shaies in the respective States as weights

Villezea and Shumway’s (1992) findings furnished
final aggregate models built to be consistent with
noniejected parametric hypothesis tests of nonjoint-
ness and/or homothetic separability They tested
these structural properties 1n all four States using
three different functional forms They concluded
that shortrun output category supply equations mn
Califorma can be specified as functions only of their
own prices, prices of variable inputs, and quantities
of the nonprice exogenous variables The same con-
clusion applies to crops and other livestock 1n Texas
and Iowa, and to ciops and meat amimals 1n Flor-
1da No justification was found for a higher level of
data aggregation than already maintained in the
imitial model design

Guided by Lum’s (1289) findings, 1-year lagged out-
put prices were used as the expected market prices
In using a procedure adapted from Romain (1983),
we expected prices of farm program commodities
{corn, milk, cotton, sotghum, barley, wheat, oats,
soybeans, rice, sugaibeets, peanuts, and tobacco) to
be specified as weighted averages of the anticipated
market price and effective support price The
weights were dependent on the relative magmtudes
of the expected market prices and support prices
McIntosh’s (1990) findings favored the use of this
specification 1n thiee of the States The specifica-
tion of effective diversion payments and effective
support prices followed Houck and Ryan (1972)
The simple average of the maximum and minimum
values of these varniables compiled by McIntosh
{1989h) were used 1n the specification

Weather variables weie cropland-weighted State
averages of monthly temperature and totals of
monthly precipitation for critical growing months o1
for the calendar year (Teigen and Singer, 1988) Ex-
ploratory analysis was conducled to determine
which weather vanable specification provided the
greatest explanatory power 1n each State The
weather vaniables chosen were annual average tem-
peratuie and annual total precipitation 1n Califor-
ma, April-May average temperature and July-
August total precipitation 1in Iowa, March-April
average temperature and June-July total precipita-
tion 1n Texas, and March-April average tempera-
ture and June-August total precipitation 1n Flonida

Second-stage suboptimization, employing corre-
sponding price and quantity disaggregated data,
was conducted for crops, meat animais, mlk-
poultiy, materials, and labor-capital categories 1n
each State Third-stage suboptimization models
covered ciop categories that had to be aggregated 1n




the second stage due to the large number of individ-
ual crops for a given State Nonprice exogenous
vanables 1ncluded 1n all suboptimization models
were the same as 1n the aggregate models, except
for land and family labor For the mullistage mode!l
stiucture, as 1n the case of the aggregate models,
we aggregaled the data into output and vaniable in-
put categories based on the sepatrability test 1esults
obtained by Lim and Shumway (1992) Since nei-
ther the weak separability tests conducted by them
nor the homothetic separability tests conducted by
Villezca and Shumway (1992) on the aggregate
models included the nonprice exogenous variables
of temperature, precipitation, time, or effective di-
version payments, these variables were included in
all the multistage choice models for each State

Estimation Procedure

For the fiist-stage (aggregate) models, systems of
four output supply equations (crops, meat animals,
mlk-poultry, and other livestock) and two input de-
mand equations (materials and pesticides) were
estimated for each State as specified 1in equation 2
The capital-labor 1nput piice was used to noimalize
profit and all other cutput and variable 1nput
prices Because of high collinearity in some State
models, neither the profit function, equation 1, nor
the numerane, equation 3, was 1ncluded in the ag-
gregate systems of estimation equations Neverthe-
less, because of shared parameters and
homogeneity restrictions, all price elasticities for
the numeraire equations were denved from the
estimated systems

Systems of output supphes and input demands esti-
mated for the second-stage suboptimization (alloca-
tion) models, as specified 1n equations 5 and 6, are
detailed for each State in table 1 Because of the
large number of crops, we estimated third-stage
suboptimization models for at least one crop cate-
gory 1n each State The numeraure, equation 6, was
included 1n each estimated suboptimization model
system estimated Because of high collinearity n
several models, parameters on the quadratic terms
of the nonprice exogenous variables were not esti-
mated in any of the suboptimization models This
exclusion 1educed the flexibility of the functional
form used for the suboptimuzation models by impos-
g cross-equation restrictions on comparative
statics among the fixed inputs at the point of
approximation

Erio1 terms associated with each model were as-
sumed to be addifive and independently and 1denti-
cally distributed with mean zero and a constant
contemporaneous covarlance matrix The

covanance matiix that transformed the observation

matiix came from the 1terative version of Zellner’s

seemtngly unrelated regression (ITSUR) Using the
procedure SYSNLIN ITSUR 1 the SAS package,
the variance-covariance matrix was iterated until 1t
stabihzed for each model The Cholesky factoriza-
tion allowed imposition of the nonhnear mnequahty
1estrictions for maintaining convexity With the
convexity restrictions imposed, and using the obser-
vation matrix transformed by the 1terated
covarlance matiix, we employved a reduced-giadient
nonlinear program {Talpaz and others, 1989) by
using the algonithm code MINOS 5 1 (Mutagh and
Saunders, 1983) to obtain least squares estimates
that satisfied curvature properties for each system
of output supply and input demand equations
Model estimates were subject to homogeneity, sym-
metry, and convexity in prices and nonrejected non-
jointness hypotheses

Results

Table 2 shows summary statistics for the aggregate
and each suboptimization mode] for each State A
0 05 level of sigmificance was used throughout this
study 1n drawing conclusions from hypothesis tests
Curvature properties were tested against the non-
convex allernative using the test from Talpaz and
others, and were nol significantly viclated 1n any
State for any aggregate or suboptimization model
For the aggregate models, two nonsignificant mo-
notonicity violations occurred 1n California, six
jointiy significant violations 1n Iowa, no violations
in Texas, and three nonsignmificant violations 1n
Florida Among the 27 suboptimization models, mo-
nolonicity was significantly violated in only three
(California feed and food grains, Texas ol crops,
and Florida meat animals) Consequently, one set of
model estimates 1n each State significantly violated
the implications of the competitive theoty for 1ndi-
vidual firms However, all significant violations
were himited to the first six observations of the data
period No significant violations occurred at the
most recent observation (for which elasticities were
dernived)

Given the model specification, the number of sig-
nificant parameter estimates varied from 26 per-
cent 1n the Iowa crops suboptimization model to 72
percent 1n the Iowa labor-capital suboptimization
model Across models, the proportion of sigmificant
parameter estimates was 33 percent in California,
36 percent in Iowa, 40 percent in Texas, 33 percent
in Flonda, and 36 percent 1n all States combined

Multistage model estimates at the most r1ecent ob-
servation (1986) produced disaggregated price
elasticities for each State Equations 2, 5, and 6 de-
termined the elasticities for individual commodities
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Table 1—Output supply and input demand equations estimated for multistage suboptimization models 1n the
four States

Model Califorma

lowa

Texas

Florida

Second-stage
allocation

Feed and food grans (A)
Fruit and vegetables (A)
Cotton
Sugarbeets
Hay
Other crops (R) (N)

Cattle
Hogs
Sheep (N)

Milk

Eggs
Broilers
Turkeys (N)

Fertilizer
Miscellaneous vanable
Inputs (R) (N)

Hired labor
Captal services
Machinery operating (N)

Third-stage
allocation

Wheat
Rice
Corn
Barley
QOats (N}

Fruit and vegetables

Apples
Grapes
Grapefrut
Oranges
Omons
Lettuce
Tomatoes
Potatoes (N)

Crops

Feed and food grans (A)
Soybeans

Apples

Hay

Potatoes

Other crops (R) (N}

Feed and food grains {(A)
(nl crops (A)

Vegetables (A)

Oranges

Grapefruit

Hay

Other crops (R) (N)

Meat antmals

Cattle Cattle

Hogs Hogs

Sheep (N) Sheep (N)
Milk-poultry

Milk Milk

Eggs Eggs

Broilers Broilers

Turkeys {N) Turkeys (N)

Materials
Fertihzer Fertihizer

Maiscellaneous vanable
Inputs (R) (N)

Miscellaneous vamable
Inputs (R) (N}

Labor-capital

Hired labor
Capital services
Machinery operating (N)

Feed and food grains

Wheat
Corn

Sorghum
Oats (N)

Hired labor
Capital services
Machinery operating (N)

Wheat
Rice
Com
Barley
Sorghum
Oats (N)

Vegetables

Omons
Lettuce
Tomatoes
Potatoes (N}

O1l crops
Cotton
Soybeans
Peanuts (N)

Frmt and vegetables (A}
Tobacco

Soybeans

Peanuts

Corn

Sugarcane

Other crops (R) (N)

Cattle
Hogs (N)

Malk

Eggs
Brailers (N)

Fertalizer
Miscellaneous vanable
Inputs (R} (0N}

Hired labor
Capital services
Maclunery operating (N)

Fruit and vegetables

Oranges
Grapefruit
Tomatoes
Lettuce
Potatoes (N)

A=apgregate category for which a higher level allocation model 15 estimated R=residual aggregate category for which no further alloca-

tion can be esttmated N=the numeraire

and 1nputs by applying the chain rule of calculus
(tables 3-10) (Appendix table 1 summarizes all
own-price elasticities ) Because of the large com-
mercial agricultural output of these States, the sup-
ply elasticities reported here are the most detailed
and comprehensive ever 10 appear 1n economic lhter-
ature Without the ability to do multistage model-
ing, 1t would have been impossible to estimate
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cross-price elasticities for such a large number of
commodities from these data 2 All cross-price

¢Estimating all cross-price elasticities by a single model would
be possible 1f the time senes data were.pooled across States A
sufficient condition for pooling the data 1s 1dentical technologies
across the pooled States Although not tested here, this hypoth-
es1s was tejected by Polson and Shumway for all pairs of States
In two contiguous production regions




Table 2—Summary statistics of multistage models in the four States

Monotomaty Percent of
State Model Convexuty, Number of x2 sigmficant
F-statistic violations? statistic parameters!
Calhforma Aggregate 070 2 153 269
Crops 05 0 347
Meat ammals 128 0 389
Milk-poultry 153 0 269
Matenals 3 0 364
Labor-capital 3 0 611
Feed and food grains 19 1 586! 300
Frut and vegetables 39 0 324
Iowa Aggregate 120 6 49771 317
Crops 42 0 255
Meat ammals 41 0 333
Milk-poultry 85 3 63 M6
Matenals 3 2 113 273
Labor-capital 3 0 722
Feed and food grains 05 0 4786
Texas Aggregate 29 0 397
Crops 57 0 305
Meat ammals as 0 389
Milk-poultry 11 0 269
Matenals 3 0 455
Labor-capital 3 ¢ 667
Feed and food prains 76 1 268 373
Vegetables 04 0 538
Ol crops 0002 5 29 491 526
Flonda Aggregate 49 3 724 302
Crops 20 3 55 310
Meat ammals 12 0 545
Milk-poultry 33 1 003 44 4
Matenals 1 0 36 4
Labor-capital 3 0 333
Fruit and vegetables 92 2 727 286

i Significant at 0 05 level

2Number of violations of monotomeity from a possible total of 36 times the number of equations estimated in the respective model

3Unconstrained estimates satisfied convexity restrichions

elasticities were estimated To conserve space, how-
ever, some columns of elasticities are not reported
1n tables 3-10 because all elasticities 1n the column
were zero to the third decimal place Standard er-
rors are not reported for these elasticities, being
both complex and merely approximate Nearly all of
the elasticity estimates 1n each table were com-
puted as a nonhnear function of parameters

Output supply and input demand elasticities vaned
widely across States Weighted averages of the ex-
pected market price and effective support price
acted as the expected output prices of farm program
commodifies, so differences 1n response to govern-
ment progtams and market price information are
reflected by the wide range of own- and cross-price
elasticities across States

Crop Supply Elasticities

Nearly all own-price ocutput supply elasticities were
mnelastic in each State Exceptions included wheat

and apples in Iowa, barley and oats 1n Texas, and
tobacco and soybeans in Flonida With very few ex-
ceptions, cross-price output supply elasticities were
also 1nelastic Similarities among own-price re-
sponses (differences of 0 2 or less) across all States
comprised potatoes, tomatoes (not produced 1n
Iowa), and the other-crops residual category Sim-
tlarities across pairs of States numbered wheat,
rice, corn, grapefruit, oranges, onions, and cotton 1n
Calhiforma and Texas, oranges and lettuce 1n Cal-
1forma and Flonda, and soybeans and hay 1in Iowa
and Texas Some of these responses were virtually
the same (differences of 0 05 or less) 1n some State
pairs, such as potatoes in Califormia and Iowa,
grapefruit, corn, and tomatoes 1n Cahfornia and
Texas, potatoes and tomatoes 1n Californmia and
Florida, and the other-crops residual category in
Texas and Florida

The signs of the cross-price elasticities indicated a
wide variety of shortrun competitive and comple-
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% Table 3—Crop supply elasticities, Cahforma, 1986

Elastiaity with tespect to the price ol !

Item Sugar Toma Pola- Grape- Othetr  Fert- Misc Pest- Hued Capital Mach
Wheaat Hice Corn Bailey Oats Cotton beets Hay Omons Letluce toes loes  Apples Grapes Oianges fimt crops  1hizer nputs icudes  labm aerv opel

Wheat 0070 0052 0045 0021 0001 -0051 0170 -0034 0002 0006 0008 0003 0O00L 0012 0006 0001 0037 -0006 -0070 0021 -0173 -0068 -0052
Rice 037 072 049 014 030 -028 093 -019 001 003 004 001 007 003 020 -003 -038 (12 -094 -037 -—029
Corn 015 -086 344 ~129 -114 -009 028 006 001 001 002 001 006 -001 -012 004 —-029 -011 -009
Barley 009 013 -254 181 075 -006 021 004 001 001 002 001 005 -001 -009 003 -022 -009 —007
Oats -019 B21 -—-2462 830 857 -007 023 -005 001 001 002 001 006 -001 -010 ©03 -025 -010 -008
Cotton -006 - 005 - 004 - 002 674 -202 127 -006 023 -030 -0l0C -003 -047 -024 - 003 150 -006 -067 020 -165 -065 —050
Sugarbeets 093 071 057 027 002 671 396 062 005 018 023 008 003 037 019 062 - 152
Hay - 040 -031 -024 -012 -001 -916 143 758 089 345 447 152 051 698 363 038 -1740 005 -065 019 —159 —063 -048
Omons ~027 005 037 013 015 01l 003 008 031 023 019 040 -001 -012 004 —-029 -—-0l1 —00%9
Lettuce -011 0n2 013 001 082 025 018 046G — 047 - 010 —- 032 - 003 001 -0l -005 -003
Tomatoes - 046 009 063 006 025 068 008 011 058 015 021 -—137 -002 -020 006 -050 -020 —015
Polatoes —009 002 013 - 003 076 -019 130 -008 027 -093 -069 -027 -004 001 -010 -004 -003
Apples -013 003 018 015 -186 088 -022 096 - 126 195 039 -006 002 01 -—008 —0Q04
Grapes -047 010 065 008 052 037 018 - 004 083 037 - 014 -140 -002 -021 006 -031 -020 -—0l13
Oranges -001 -067 0l4d 093 013 002 043 ~005 006 100 149 002 -201 002 -030 0©0% -—-073 -029 -022
Grapefrmt  -001 -001 -075 015 104 046 -258 227 ~ 140 157 - 120 026 109 -224 -003 -093 010 —081 -—032 —025
Other c10ps 006 -002 D26 -002 -008 -010 -003 -001 -013 - 008 - 001 217 ~002 —030 009 -—073 -028 -022

tBlanks = elasticity was ze1o to Lhird decimal place
Table 4—Livestock supply and input demand elasticaties, Cahiforma, 1986

Elaslioity wilh respect 10 the poe of 1
Ttum Other
Sugar Toma Potn Grope Other Breal Tur  Twe Fui Mist Puost Hired Capital Mach
Wheat Rice  Comn  Barley Cotlon beets Hay OnionsLettuce toes  tocs  Apples Gropus Oranges frmt crops Catlle Hogs Sheep Milk  Eggs o keys  slock alizer inputs odus loher  sem opor

Cattle 0133 0002 0000 0027 0322 0052 0095 003 0029
Hugs - 179 138 041 —
Shewp =031 024 o007 — 001
Mk 0042 0007 L0068 0004 —G7 —08k D20 008 03 (K2
Eggs 094 -133 038
Brinlers 06 — 139 246 - 083 —0I0 —-123 029 012 (03 001
Turkeys 082 071 -104 UGB ~0ld ~ 170 MO0 016 G406 005
Other

hvestock 0022 [LFe3 144 Ul - 116 —{4f -035
Furtihzer Y9Il 0001 0001 0004 000) 000L 0002 9003 000) 005 0003 (330 053 1B oo 037 o181 005 04 -2 -032 224 (+32 031 2 00y
Misc inpuls (LN 0ol 0ol 005 (ViR hal LI noa 001 1206 on3 438 067 002 113 047 0nk 007 o -2 -024 - 299 () 040 b 012
Posticides -003 -003 -002 -00L -011 —-003 0001 —-002 —-(07 —-010 -003 0001 —-015 =008 3001 —-99] - 07T 003 004 -0B8 -015 —-012 -00% —403 -035 422 -0l ale LUtE] 003
Hired labor (Y]] 004 002 (1 H] () £:] 005 1z 0ol 47 k:] 016 006 002 123 013 J01 1533 -033 -001 -012 -007 —-001 —-001 -oOul 003 (L1 5] 065 K2 -7056 L5 223
Capital

servieLs (1,153 o4 003 002 o7 004 o0z 003 012 015 005 0602 024 012 apt 142 030 001 -002 -007 -001 -001 -0D0t 03 (11151 O6{ 102 T -1 068 281
Machinery

opLrating 005 006 005 o2 128 107 M3 005 019 025 008 03 138 024 onz 230 -8 -002 -3 - 011 002 002 001 uas 008 nyg 103 T3z 341 -1528

1Rlanks =

elasticity wae zero to thnd deeimal place




Table 5—Crop supply elasticities, Iowa, 1986

Elasticity with respect to the price of !

Item Soy- Pota- Other Fert- Misc Pest- Capital Mach
Wheat Corn Oats beans Hay toes Apples crops ihizer inputs 1c1des serv oper

Wheat 2079 -1593 -0471 0 007 -0 001 -0 003 -0 021 -0 002 0003 0002
Corn - 002 010 001 004 - 002 —-012 -001 002 001
Qats - 049 045 013 004 - 002 —-012 - 001 002 001
Soybeans 003 005 -0 003 -0 001 -0 002 - 002

Hay — 040 - 001 - 119 095 -0014 008 074 - 003

Potatoes 129 002 427 - 396 170 451 - 783 - 001

Apples -0 001 — 567 -009 -1602 345 699 3 542 -2 405 - 001

Other crops - 014 - 054 037 -013 - 027 072

1Blanks = etasticity was zeio to thnd decimal place

Table 6—Livestock supply and input demand elasticities, lowa, 1986

Elastiaity with respect to the pnce of !

Hem Other
Soy- Other Broil- Tur- Lve- Fertr- Misc Pesti- Hired Capital Mach
Corn QOats beans crops Cattle Hogs Sheep Milk Eggs ers keys stock lizer 1nputs cides labor serv oper

Cattle 0142 0195 0007 -0051 —0 007 -0 001 -0 006 0034 -0267 0032 -0001 -D005 -0 003
Hogs 022 097 -002 -017 -002 - 002 -012 -091 011 -002 -001
Sheep 282 - 285 048 -007 -001 - 001 -004 -035 004 -001
Milk -058 —-116 -001 119 016 ooe6 005 -008 -063 -042 013 084 044
Eggs -155 -309 -003 308 165 -002 -0Q78 -022 -169 -112 035 224 117
Broilers 257 -045 261 -473
gurkeys -048 —-097 -001 014 -122 -076 307 -007 —-053 -035 011 070 037

ther

hvestock 2433 247 1931 -1007 -337 -2143 -1124
Fertilizer 0035 0001 0015 0001 087 174 001 018 003 002 -008 -570 130 006 010 063 033
Misc 1nputs 019 008 047 094 001 010 001 001 - 005 037 -274 003 005 034 018
Pesticides 018 007 -056 -112 -001 066 009 001 008 024 004 033 -040 003 022 012
Hired labor -005 - 002 002 004 -026 -004 - 003 010 009 068 004 -921 1833 - 967
Camtal

services - 008 - 003 003 005 -037 -005 -001 -004 014 012 097 008 301 1047 666
Machinery

operating  — 005 - 002 002 004 -025 -004 - 003 010 008 066 004 -314 1330 -1069

'Blanks = elastieity was zero to third decimal place
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Table 7—Crop supply elasticities, Texas, 1986

{114

Elasticity with 1espect to the price of ?

Item Soy- Toma- Pota- Grape- Other Misc Pest- Hned Capital Mach
Whent  Rice Coin  Barley Soighum Oats  beans Peanuls Cotion Hay Omone Lettuce toes toes Oranges fiuil ciops nputs cides  labar 51V npel

Wheat 0190 0052 0158 0 002 p220 O0D9 —0016 0058 0376 0023 0001 ~0001 -0010 -0030 -0161 0003 -0001 -0002 0002

Rice 094 187 -211 002 122 099 -008 -—027 - 175 011 -001 -005 -~014 -~ 075 001 - 001 - 001

Corn 160 — 049 370 - 021 177 -094 -014 -1050 —323 02¢ -001 - 009 - 026 - 139 003 - 001 - 002 -001

Bailey 178 092 -2065 3 949 -193% 354 -015 —-032 — 338 021 - 001 - 001 - 009 - 027 - 145 003 001 - 002 — (02

Sorghum 005 -009 -016 011 009

Oats 730 953 1893 092 1106 1341 - 061 -214 -1383 086 -—-004 - 002 - 038 -110 - 595 0001 all - 004 - 007 - 006

Soybeans - 212 -056 -179 -002 —~245 -009 039 263 521 -036 -038 -0003 0004 -018 026 038 -103 001 010 -003 -007 - D05

Peanuts -033 -0Q09 — 028 —-039 -001 039 206 -111 -006 -006 -001 -003 004 006 -016 002 -001 - 001 - 001

Cotlon - 162 — 043 - 137 - 002 - 188 - 007 016 - 042 390 -~ 028 - 029 — 002 - 003 - 014 020 029 -079 001 Q07 - 003 - 005 - 004

Hay 098 026 083 001 113 004 -012 -042 270 015 014 001 001 007 -008 -~018 -014 001 005 -002 - 004 - 003

Omons - 003 - 001 -003 - 004 -008 -030 191 010 201 -048 -004 053 001 135

Lettuce -010 -003 — 008 - 011 -024 -083 -537 027 -531 340 141 321 -o001 001 378

Tomatoes -113 117 Q94 .- 098

Potatoes -005 —001 - 004 — 006 -012 -043 277 014 - 152 061 -—-016 246 -—001 001 1495

Oranges - 901 - 240 - 763 ~ 009 -1042 039 178 628 4 068 - 166 - 014 -001 -—-001 - 006 260 201 -2137 003 033 -011 - D22 -018

Grapelruit -2 527 -674 -2140 -024 -2924 -109 246 BG66 5612 - 324 016 001 001 007 196 415 1 369 002 017 -006 - 011 - 009

Other crops -038 -010 —-032 -044 002 -002 -007 -043 -001 011 col 00l 005 -006 004 164 001 - 001 -001

1Blanks = elasticity was zeto to thnd decimal place

Table 8—Livestock supply and input demand elasticities, Texas, 1986

Elasticity with respect to the price of !

Item Other Braoil- Fert-  Mise Pest Hned Caputal Mach
Wiheat  Rice Corn  Sorghum Peanuts Cotton Hay ©Omons crops Cattle Hogs Sheep Milk Eggs er1s  Twkeys 1lizer 1nputs 1cides  labor  serv oper

Caille 0001 -0 001
Hogs 0010 0013 0003 -0001 -0 001 0001 Q05 0001 0001 -0002 -0O00Z
Sheep 002 - 004 001
Milk 051 -0015 -029 0001 -002 -021 —-006 0004 0002 0007
Egps - oo2 - 013 031 055 -018 -173 -—-047 0037 0072 0 0G0
RBrolers - D02 - 023 028 087 -038 -014 -129 -035 0027 0 054 0 044
Turkeys - 010 164 052 -—189 285 -079 -749 -202 0159 0313 0258
Other

hvestock -001 -001 0001 0 001
Fertilizer -~ 1004 058 022 037 003 -382 292 024 0018 0036 0030
Mise

mputs - 005 079 030 0350 003 025 —149 —032 0025 0049 0040
Pesticides -0004 -000L ~0004 -0005 -0001 0009 -0001 -0001 -0013 -005 078 030 049 003 -046 -437 —210 0126 0248 0204
Hired 1abo 001 001 001 002 002 - 024 -009 -0l5 —001 Ql4 133 049 -1085 Q004 0837
Capilal

Services 001 001 001 -0138 - 007 - 011 — 001 011 099 037 00G3 —-0934 0775
Machinery

opetating 001 001 001 002 002 002 - 032 -Q12 -020 -001 019 178 066 0 5538 D912 1677

| Blanks = elasticity was zei1o to third decimal place




Table 9—Crop supply elasticities, Florida, 1986

Elastacity with respect to the price of !

Item Soy- Sugar- To- Toma- Pota- Grape- Other Fert- Misc Pest- Hired Caprtal Mach
Corn beans Peanuts cane bacco Lettuce toes toes Oranges fruit crops thzer  wmputs 1cides labor serv oper

Corn 0560 -0062 0512 01567 0512 -0006 0068 -0012 0152 -0035 -1088 -0001 0001 -0o001

Soybeans ~ 088 1408 364 -518 - 092 -015 - 168 - 029 - 375 - 085 -891 0001 -004 - 003 -002 -0001

Peanuts 206 103 651 — 008 - 090 005 052 009 117 027 -1072

Sugarcane - 009 -021 113 007 001 015 003 034 008 - 088 - 006 —-024 -0002 -016 - 010 - 005

Tabaeco 514 - 065 — 223 106 1079 - 018 - 194 -033 —434 - 099 - 630 - 001 - 001

Lettuce - 008 - 016 021 040 - 026 010 036 -014 090 -044 031 -011 - 046 - 004 - 030 -019 - 010

Tomatoes - 007 - 012 016 031 - 020 003 023 - 002 050 -013 024 - 008 - 036 - 003 ~ 023 - 015 - 008

Potatoes - 004 ~- 007 009 017 - 011 - 008 -018 117 -116 057 013 - 004 - 019 - 002 - 013 - 008 - 004

Oranges 002 007 - 010 019 -018

Grapefruit - 006 - 011 014 028 - 018 - 007 - 026 019 - 049 117 022 - 007 - 032 - 003 -9021 ~013 - 007

Other crops -013 - 003 -032 —-012 - 007 005 001 010 002 162 -010 - 044 - 004 -029 - 018 - 009

IBlanks = elasticity was zeio to thuird decimal place

Table 10—Lavestock supply and input demand elasticities, Florida, 1986
Elastieity with 1espect to the price of 2

Item Other
Soy- Sugar- To- Toma- Pota- Grape Other Biail-  lhive- Fert- Misc Pest- Hired Capital Mach
Coin  beans Peanuts came bacco Lettuce toes tloes Oranges fruit ciops Cattle Hogs Milk Eggs  ers  stock ilizer inputs 1aides labor serv opel

Cattle 0060 0004 -0 005 -0023 0059 0012 0007 0004
Hopge 073 006 -006 -028 -072 014 009 005
Milk 0063 0038 0120 0005 002 007 003 -006 -004 -002
Eggs 168 153 - 317 012 004 018 —-009 015 -002 -0035
Bioilers —292 - 267 559
Other

hvestock 015 006 007 110 -005 —021 -104 -005 —00d - 002
Feitilizer 0001 0001 0001 0008 0001 0003 0001 0010 0002 0037 003 ~001 -001 -001 001 -233 116 - 016 033 021 011
Misc wnputs 002 002 004 028 002 ¢001 00L5 003 034 008 125 011 001 -004 -002 -002 004 -028 -370 -056 112 071 037
Pesticides 001 001 001 008 001 005 001 010 002 037 Q89 Q06 007 003 003 064 -041 -176 - 165 073 046 024
Hired labor 002 001 003 020 001 001 011 002 025 006 090 - 006 004 a0z 002 001 029 123 025 -962 312 308
Capital

services 001 001 002 012 001 001 007 001 015 003 056 -004 [ 001 001 001 018 076 016 552 -684 -078
Machinery

operating 001 001 007 004 001 008 002 031 -002 001 001 001 010 042 008 1130 —127 -1119

1Blanks = elasticity was zero to third decimal place
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mentary production relationships 3 A few sim-
ilarities, however, were found across some States
In California, Texas, and Florida, relationships
were competitive between oranges and potatoes and
between potatoes and tomatoes Complementarity
occurred between lettuce and tomatoes In Califor-
nma and Texas, where the most similarities were
found, results 1evealed complementary relation-
ships among wheat, 11ice, barley, and oats, and com-
petitive relationships between rice and corn and
between corn and barley All feed and food grains
were gross substitutes to cotton Other relation-
ships showed complementarity between oranges
and grapefruit, grapefiwit, onions, and tomatoes,
lettuce and tomatoes, potatoes and lettuce, and
competitiveness between potatoes and tomatoes
and potatoes and omons All vegetables were gross
complements to hay and gross substitutes to cotton
and the other-crops residual category Hay and cot-
ton were also gross substitutes Fewer consistent
cross-price production relationships played out be-
tween Califormia and Florida and between Texas
and Florida Cross-price relationships in Iowa wete
least similar to those in other States

Livestock Supply Elasticities

With only one exception (in Iowa), all own-price
Livestock elasticities were inelastic, ranging from
0 007 to 0 25 1n Califorma, 005 to 2 43 1n Iowa,
0 001 to 0 29 1n Texas, and 0 01 to 0 56 in Flonda
All cross-price hivestock output elasticities were in-
elastic 1n each State Although not as varied 1n
magnitude as the crop elasticities, the elasbicities
for Livestock also reflected considerable vamation
across States Similar own-price elasticities {that 1s,
differences of 0 2 or less) were observed for milk
and eggs and spanned all States, for hogs, sheep,
and broilers in Califorma, Iowa, and Texas, for cat-
tle in California, Iowa, and Florida, for the other-
livestock residual category in California and Flor-
1da, and for turkeys in Towa and Texas Virtually
the same elasticities (differences of 0 05 o1 less) cov-
ered California, Texas, and Flonida for milk, Cal-
iforma and Iowa for cattle, hogs, and broilers,

"When all inputs and outputs are variable, economic 1ncentive
for a jomnt technology (in which one [irm produces multiple out
puts) exists only 1f outputs are longrun gross complements In-
puts must also be gross complements 1f multiple 1nputs are used
economically by the same firm 1n the long run There are two
reasons why gross complementarity of either outputs or 1nputs
15 not a theoretical implication 1 the current context First, our
analysis 15 short run Famuly labor and land are treated as fixed
mputs The impact of allocatable fixed inputs (such as labor and
land) on shortrun cross-price output relationships 1s opposite to
that of technical interdependence {which gives rise to joint pro-
duction m the long run) Second, our analyses are for State ag-
gregates rather than for individual irms Externalities can give
rise to either competitive or complementary relationships at the
community (or larger geographic) level when they do not exist in
the firm
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Calforma and Texas for sheep, and Iowa and Flo1-
ida for eggs

Cioss-price elasticities showed consistent signs
across some States Milk and turkeys qualified as
shortrun gross complements and broilers and tui-
keys as shortrun gross substitutes in Cabforma,
lowa, and Texas Gross substitutability occurred
between eggs and bioilers in Cahforma, lowa, and
Florida Gross complementarity was observed be-
tween milk and broilers in California and Iowa,
eges and turkeys in Cahiforma and Texas, cattle
and hogs, and milk and eggs 1n Iowa and Florida
Gross substitutability maiked hogs and sheep 1n
Iowa and Texas, and mlk and broilers in Texas and
Florida Since the estimation of the aggregate mod-
els for each State was performed maintaining non-
jointness for at least the crops category, no
livestock-crop nor crop-livestock cross-price
elasticities were derived

Input Demand Elasticities

Own-price input demand elasticities were also gen-
erally 1nelastic 1n each State A common exception
was machinery operating inputs, which r1anged
ftom -1 07 1in Iowa to -1 68 1n Texas Own-price
elastic responses also influenced capital services in
Califormia and Iowa and hired labor in Texas
Across States, stmilar elasticities spanned mis-
cellanecus vanable inputs and pesticides in all
States, capital services in Califermia, Iowa, and
Texas, hired labor 1n Iowa, Texas, and Florida, fer-
t1l1zer 1n lowa and Texas and 1n Texas and Flonida,
and machinery operating inputs 1n Califormia and
Texas and in lowa and Flonida Nearly 1dentical
elasticities turned up 1n some States miscellaneous
variable 1nputs, pesticides, and capital services In
Cahforma and Iowa, pesticides 1n Texas and Flor-
1da, and hired labor and machinery operating in-
puts 1n Iowa and Flonda

Except for two elasticities in Iowa and one 1n Floi-
1da, all cross-price input demand relationships were
mmelastic They ranged from 0002 to 0 97 1n abso-
lute value The signs of these elasticities 1evealed
that all variable inpuis were shortrun gross sub-
stitutes, except for fertihzer-miscellaneous vanable
inputs i Cahfornia, hired labor-machinery operat-
ing inputs in Iowa, fertilizer-pesticides and mais-
cellaneous vanable inputs-pesticides 1n Texas, and
fertilizer-pesticides, miscellaneous variable 1nputs-
pesticides, and camtal services-machinery operat-
ing inputs 1n Flonda

Output-input relationships showed that incieases
in the prices of 1nputs generally caused quantities
of crops to decrease in all States, except for
pesticides 1in California and Texas, capital services




and machinery operating inputs 1n Iowa, and mis-
cellaneous variable inputs in Texas Because of
symmetry restrictions on price parameters within a
model, mnput demands generally increased as crop
prices increased Qutput-input responses for hve-
stock showed a wide vaniation across States regard-
ing the direction of the relationships between the
quantities of hvestock categones and the prices of
several inputs and vice versa

Conclusions

Disaggiegated parameter estimates for multiple-
output production relationships in Cahforma, lowa,
Texas, and Florida came from dual models that
were consistent over most of the data period with
competitive theory, nonrejected analytic ssmphfyinng
assumptions (nonjointness), and multistage choice
fhomothetic separability) Linear homogeneity,
symmetry, and convexity restrictions were main-
tained 1n the estimation Monotonicity was checked
at every observation and was significantly violated
by only four of the 31 moadels estimated and only at
early observations in the data period Convexity
was not rejected by any modei

The multistage parameter estimates were used to
derive full matiices of disaggregated elasticities
Multistage modeling allowed these elasticities to be
computed at the most detailed and comprehensive
level ever to appear in economic Literature

A wide diversity among output supply and input de-
mand elasticities was observed across States
Nearly all output supply elasticities for crops were
inelastic and showed a wider vartation across
States than did livestock supplies or wnput de-
mands With only one exception, all hvestock sup-
ply elasticities were also inelastic A common
pattern regarding the magmtude of the own-price
supply elasticities (differences of 0 2 or less) across
all States occurted only for potatoes, tomatoes, the
other-c1ops residual category, milk, and eggs Other
mportant similarities were observed across pairs of
States

Input demand elasticthies were generally inelastic
A common exception was machinery operafing in-
puts, which showed an elastic response 1n all
States Own-price elasticities for miscellaneous
variable inputs and pesticides appeared similar 1n
all States Important similarities 1n other
elasticities were found 1n two or three States
Output-input 1eiationships across States showed
that, 1n general, crop supplhies decreased as input
prices 1nc1eased, and input demands increased as
crop prices increased
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Appendix table 1—OQutput supply and input
demand own-price elasticities, 1986

Oulput
or Cals-

mnput forma Towa Texas Flonda
Wheat 0070 2079 0190 NA
Rice 072 NA 187 NA
Corn 344 010 370 0560
Barley 181 NA 3949 NA
Sorghum NA NA 011 NA
Qats 857 013 1341 NA
Soybeans NA 005 059 1408
Peanuts NA NA 206 651
Cotton 674 NA 590 NA
Sugarbeets 396 NA NA NA
Sugarcane NA NA NA 113
Hay 758 (095 015 NA
Tobhacco NA NA NA 1079
Onions 013 NA 201 NA
Lettuce 082 NA 340 010
Tomatoes 068 NA 094 023
Potatoes 130 170 246 117
Apples 096 3542 NA NA
Grapes 083 NA NA NA
Oranges 149 NA 260 019
Grapefruit 409 NA 415 117
Other crops 217 072 164 162
Cattle 133 142 e]e} 060
Hogs 138 097 013 ¢o6
Sheep 007 048 001 NA
Milk 042 119 051 063
Eggs 094 165 031 153
Broilers 246 261 087 559
Turkeys 068 307 287 NA
Qther hivestock 022 2433 000 110
Fertihizer -032 ~570 -383 -233
Miscellaneous -299 274 -149 -370
Pesticides -091 -040 -210 - 1656
Hired labor -705 -921 -1085 -962
Capital services -1068 -1047 -954 -684
Machinery operating -1528 -1069 -1677 -1119

NA = not applcable




