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ABSTRACT

Marroquin, Jacklin Beathz; M.S.; Department of Agribusiness and Applied Economics;
College of Agriculture, Food Systems, and Natural Resources; North Dakota State
University; December 2008.  Examination of North Dakota's Production, Cost, and Profit
Functions:  A Quantile Regression Approach.  Major Professor: Dr. Saleem Shaik.

This thesis estimates the production, cost, and profit functions for North Dakota

agriculture using state-level input-output quantity and price data for the period  1960-2004

A Cobb-Douglas functional form with Hick-neutral technology change is used to measure

the contribution of capital, land,labor, materials, energy, and chemical inputs quantities

and output quantity using the primal production function; contribution of capital quantity,

land quantity, output quantity, labor price, materials price, energy price, and chemical price

to cost using the dual restncted cost function; and the contnbution of capital quantity, land

quantity, labor price, materials price, energy price, chemical price, output price to profit

using the dual restricted profit function.   In contrast to previous studies, quantile regression

is used to explore the linear or nonlinear relationship between the independent and

dependent variable by estimating parameter coefficients at each quantile using time-series

data.

Empirical findings suggest the cost function is the best model to examine the

relationship between input prices, output quantity and cost using quantile regression for

North Dakota agriculture,  Further, the quantile regression suggests a linear and non-linear

relationship between cost and certain independent variables,
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CHAPTER 1.  INTRODUCTION

1.0  Rationale and significance

ln the last century, the United States, Northern Great Plains, and North Dakota's

agriculture have undergone an impressive transformation with much debate about changes

in their fain economic structure.I   This thesis exanines the changes in input resource use

in the production of crops and hvestock and the relationship between the uses of Inputs to

produce outputs using a primal or dual framework.  Apart from this functional relationship,

there is a growing Interest in how these relations (linear or non-linear) have evolved over

time and across quantiles due to changes in technology, consumer demand, and increased

globalization.

Specifically, the changes in input use include increased capital investments in the

earlier 1950-60s substituting for farm labor, investment in fan real estate in the  1970-80s,

and use of fertilizer, chemicals, and energy in the  1990s followed by investment in

breeding technology resulting in enhanced and disease resistant seeds    Concurent to these

structural changes, there was a decline in the number of small family farms, an increase in

the average farm size, augmented capital investment leading to financial re-structuring for

new and young farmers and ranchers, and increased risk faced by farmers    Similarly,

changes with respect to output production involved shifting away from the traditional

commodity crops to oil and vegetable production and livestock production Including cattle

and hog production

The input and output changes in farm economic structure were examined for the

U.S. agriculture sector using the primal production function [Marschak, and Andrews

I  Farm ec(}nomic structure is defined as the relation between Input and output usmg product]on, cost and

profit function.
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(1944); Mundlak (1963); Hoch (1958,1962); Zellner, Kmenta, and Iireze (1966); Schmidt

(1988)], and the dual cost function [T`lerlove (1963); Fuss, and MCFadden (1978); Diewert

(1974); MCElroy (1987)] or the profit function [Weaver (1983); Lopez (1985); Dixon,

Garcia, and Anderson (1987); Antle (1984)].   Because the assumptions of cost

minimization and profit maximization do not always hold, they have been rejected by Lin,

Dean, and Moore (1974), Ray and Bhadra (1993), Pope and Chavas (1994), and Tauer and

Stefanides (1998) due to biased estimates.   Mundlak (1996) however, points out that, even

when the underlying behavioral assumptions hold, the dual approach may still deem

cTnesti+one;ble as, " estimales based on duality, unlike direct estimators Of the production, do

nol ulili=e all the available lrformalion and therefore are slatistically inefficient and lhe

/ass z.# a;ffc+je»c}J mo}; bc sz.=eab/c" ®. 431).   An additional problem associated with the dual

approach is the requirement for information on prices, Infomation which when available

shows little vanation complicating estimation.   This is primanly tine when cross-sectional

data are used.

Though there is a considerable body of literature pointing to the importance of

evaluating U.S. agriculture, there is hardly any research which attempts to examine the

relation between input and output using a production, cost, or profit function for the

Northern Great Plains or North Dakota agnculture.  This thesis closes the gap by estimating

the relationship between aggregate inputs and outputs from a primal and dual approach

using the underlying assumptions of production, profit maximization, and cost

minimization for North Dakota agnculture sector from  1960-2004.



1.1  Theoretical aspects of quantile regression

There is a widespread use of ordinary least square (OLS) in examining the changes

in fain economlc stnicture accounting for autocorrelation and heteroscedasticity,

altemative functional forms, and estimation techniques.  Most research involved estimation

of the relationship between endogenous and exogenous variables at the mean.  With the

introduction of quantile regression (QR) methods by Koenker and Bassett ( 1978), the

relationship between endogenous and exogenous variables can be estimated and examined

at each quantile of the endogenous variable.   In general, quantile regression proves to be

extremely useful whenever one is interested in focusing on particular segments of the

analyzed conditional distribution.  This facilitates examining whether the relationship

between the endogenous and exogenous differ across quantiles.

Growing recognition of the need for a more flexible, more complete analysis is a

driving force in the use of quantile regression in the literature.  Though quantile regression

has been used in numerous studies such as wage inequality, urban-rural inequality,

unemployment insurance, cash bonuses, unemployment and public-pnvate sector wage

gap, it has yet to be used in the agricultural sector.   Quantile regression has been developed

and applied to cross-section data; here quantile regression is applied to time-series data to

examine the shape and the linear or non-linear relationship between the endogenous and

exogenous vanables in the estimation of the production, cost, and profit functions.

The rest of this paper is organized as follows: Chapter 11 summarizes the relevant

literature on the production theory using production, cost, and profit functions.   The chapter

concludes with a brief revision of the expanding literature on quantile regression and its

increasing application to a wide range of studies.   Chapter Ill presents the conceptual





CHAPTER 2. LITERATURE REVIEW

2.0  Background

This chapter outlines a review of studies that feature the use of the OLS procedure

to estimate the production, cost, and profit functions.  A brief review of the use of quantile

regression is presented.   This chapter indicates there is a dearth of studies that utilize

quantile regression in estimating production, cost, and profit functions in economics and

agricultural economics literature in the United States.   This shortage of literature seems to

exist not only at the state level but also at the national level.

2.1 Production function

Production functions have been used as a fundamental tool of economic analysis in

the neoclassical tradition.  Between  1950 and 1970, estimation of the production, cost, and

profit function gained substantial interest as a means of gauging the overall performance of

the agncultural sector in the U.S., and has since been widely experimented on since the

Von Thtinen application to production and agricultural economics (Humphrey,1997).

Research efforts have used production functions to investigate differences in

agricultural productivity among countries.   Since the Introduction of the meta-production

function by Hayami and Ruttan in  1970, nu]nerous studies have used this concept in related

work [Kawagoe and Hayami (1985); Binswanger, et al , (1987); Lau and Yotopoulos

(1989); Frisvold and Lomax (1991); Boskin and Lawrence (1992)].   Trueblood (1991)

examines numerous studies that test the meta-production function hypothesis mainly

diiferentiating between developed and less developed countries.   Table  I reprints the range

and average of the estimated production elasticities at the inter-country level using



aggregate observations [Bhattachaljee (1955); Hayami and Ruttan ( 1970); Evenson and

Kislev ( 1975); Kawagoe, Haymai, and Ruttan ( 1985); Antle ( 1984); Nguyen ( 1979);

Yamada and Ruttan ( 1980)] .

Table  I.   Summary of the input elast]cities estimated from production function.

V ariable                                      Elasti city range                    Average

Conventional
Inputs

Nonconventional
Inputs

Labor
Livestock
Fertilizer
Land
Machinery
General Education
Infrastructure
Technical Edu cation
Research

0.30 -0.54
0.25  -0.35
0.12  -0.20
0.02  - 0.20
0.05  -0.15

0.25  -0.35
0.20

0.14  -0.17

0.09  -0.13

Source: Trueblood,1991.

Labor iuustrates the widest range of estimates among Inputs.  The estimated range

measures the marginal effect, representing the range by which output changes in response

to one unit change in farm labor.   Trueblood ( 1991 ) points out that, aside from the land

coefficient which has been rather small and insignificant, the other conventlonal inputs --

livestock, fertihzer, and machinery -- were consistently statistically significant.   Though the

inclusion of livestock as an input is not clear, Bhattachaijee (as quoted in Trueblood),

differentiates between `productive' animals (cattle, pigs, sheep, and goats) and `draft'

animals (horses, mules, and buffaloes) and assigned weights and aggregated these animals

as a representation of `intemal capital accumulation. '

Trueblood further points out that, whereas fertilizer indicates a strong correlation

with research, the increase in usage of fertilizer is due largely in part to the Green



Revolution's new seed varieties.  Additionally, a unit change in the use of mechanical

capital as measured by the horsepower equivalent developed by Hayari-Ruttan further

changes agricultural output between the ranges of o.05-0.15.   Similar statistical

significance to conventional inputs held true for the nonconventional inputs/activities such

as technical education, research, and infrastructure.   These are not generally considered

Inputs that are controlled by farmers.   Griliches ( 1964) found that in agriculture in the

United States a given percentage increase in education, which improves the quality of

labor, has the same output effect as an equal percentage increase in labor itself.

In examining the production structure between developed countries (DC's) and less

developed countries (LDC's), Kawagoe, Hayami, and Ruttan (1985) found that, despite the

dramatic technological developments in both DC's and LDC's during the past two decades,

the productivity structure of world agriculture as measured by production elasticities of

conventional and nonconventional inputs remamed largely the same.  Results of the

Kawagoe, et al., (1985) indicate that there are significant differences in the production

functions between the DC's and LDC's.   The conventional input coefficients for the DC's

are significantly larger than one, whereas the sum is not significantly different from one for

the LDC's.  The results indicate that LDC's displayed decreasing to constant (0.80-I.04)

returns to scale with conventional inputs and increasing returns to scale (1.04-I.61) when

including nonconventional inputs.   Unlike the LDC's, the DC's displayed Increasing

returns to scale with both conventional and nonconventional input (Trueblood,1991 ).



2.2 Cost function2

While empirical analysis of the agncultural production structure highlights the

relationship between a single input and output, aggregate production, cost and profit

function functions have also been estimated using an aggregation of the total products

Involved.  Multiple-output production functions are often estimated in the dual form

represented by their cost or profit functions.  However, one of the major difficulties in

estimating nonexperimental agricultural production function is that input data are not

typically available by a crop basis according to Just, Zilbeman, and Hochman (1983).

These authors also point out that the problem of growing more than one crop without the

specification of the allocated inputs has been addressed through single-equation joint

production functions specifying the relationship between output quantities and aggregate

input quantities or through corresponding relationships between quantities and prices

resulting from duality under (expected) profit maximization.

Binswanger (1974a); Ray (1982); Lopez (1980) and Kako (1978) have all used a

cost function approach in modeling agricultural production (Table 2).  Results from Ray

(1982) reveal fain capital; fertilizer; and feed, seed, and livestock all substitute for hired

labor in varying measures.  However, the degree of substitution between labor and capital

is much smaller than between labor and fertilizer.   The high degree of substitutability

between labor and fertilizers is consistent with the steady decline in labor use and steep

Increase in fertilizer use.   Ray also points out that farm capital is a substitute for all  other

inputs and the substitutability between labor and capital has declined, while between labor

and fertilizer or labor and feed, seed and livestock has increased.  Whereas farm labor has

2 Though the econoimc literature is rich with elasticity estimates of Input pnces, similar estimatcb are scant in

the agricultural lltcrature

8



the highest price elasticity of demand, each input experienced increase in its price elasticity

of demand over time, implying a relative greater use of purchased rather than farm-

supplied inputs (Ray,1982).

Table 2.   Summary of input and output elasticities estimated from cost functions.

Variable                                                                    Elastic ity range

Inputs Labor
Fertilizer
Land
Capital
Machinery
Feed, seed & livestock
Intermediate inputs
Miscellaneous

-0.05  -0.91

-0.13  -0.95

-0.42 - 0.48
-0.35  - 0.53
-0.54 -I.09

-0.34
-0.41

-0.16  -1.90

Note:   Author's calculations from Binswanger (1974a), Ray (1982), Lopez (1980) and
Kako  (1978).

In comparison, Binswanger ( 1974a), who also used a translog approximation for the

cost function for U.S. agriculture, found significant substitutability between labor and land

as well as between labor and machinery.   His average elasticities of substitution were 0 204

between land and labor and 0.851  between labor and machinery.   However, he found

complementarity between labor and fertilizer as opposed to Ray's strong substitutability

relation between labor and fertilizer.   In considering the price elasticities of factor demands,

Ray's measures for labor (-0.8389 at the mean) is similar to Binswanger's average value of

-0.9109  (Ray,1982).

In examining the structure of production and the derived demand for inputs in

Canadian agriculture, Lopez ( 1980) aimed to expand from the previous agricultural and

input demand functions.  He used a more general functional form than those used by Kako

(1978) and Binswanger ( 1974a), allowing for a fixed-proportion production function



(Leondef production function) as well as for constant returns to scale and homotheticity.

Binswanger (1974b) was able to separate the effect of biased technical change on the

observed factor shares from the effect of ordinary factor substitution due to factor prices,

although, Lopez points that factor shares also can be affected by changes in the scale of

production if the production function is nonhomothetlc.  Kako also assumes constant

returns to scale, and, although he measured technical change biases, he did not thoroughly

test for neutral or biased technical change (Lopez,  1980).

Lopez points out that the Leontief production function is an extreme situation where

the input-output coefficients are independent of input prices or, equivalently, that all

elasticities of substitution are zero.   Lopez concludes that agricultural production entails a

considerable degree of factor substitution in response to price changes.   By rejecting

constant returns to scale, Lopez points out that as the scale of production increases,

efficiency in the use of factor of product]on increases (Lopez,1980).   His estimated own-

price elasticities for labor, capital, land and structures, and intermediate inputs are inelastic,

with values ranging between -0.280 and -0.897.  These results are similar to those obtained

by Kako for Japan using a translog cost function    The similarity between the own-price

elasticities of labor and land is quite remarkable.   Kako obtained values ranging from

-0.401  to -0.465  for labor and -0.464 to -0.491  for land.   The own-price elasticities for labor

obtained by Binswanger ( 1974b) using the U.S. data was -0.911, which is higher than

estimations by Lopez.  Binswanger's estimate for land was -0.336, which was somewhat

lower than those estimated by Lopez.

Lopez points out that all Input pairs appear to be substitutes, and the highest degree

of substitution occurs between labor and farm capital and between capital and intermediate

10



inputs.  On the other hand, the substitution between labor and land and structures is very

low and, indeed, it is not significantly different from zero.  Thus labor and land and

structures would not be substitutes for each other.  Lopez's estimates are quite different

from those obtained by Kako for Japan's rice production, even though the predominantly

positive signs of his coefficients are consistent with those estimated by Lopez.   Kako

obtained a higher elasticity of substitut]on between land and labor ranging from 0.760 to

0.816, and a lower elasticity of substitution between labor and capital (0.934).   These can

be compared with Binswanger's elasticity estimates for U.S. agriculture of 0.204 for land

and labor,I.215 for land and machinery, and 0.851  for labor and machinery (Binswanger,

]974b).

2.3 Profit function-3

Several studies have reported output supply and input demand elasticity estimates

for U.S. agriculture [Antle (1984); Vasavada and Chambers (1986); Shumway, Saez and

Gottret ( 1988): Ball (1988); Huffinan and Evenson (1989)].  A reprint of the ranges and

averages of own-price output supply and input demand elasticities from different studies is

reported in Table 3.

Elasticities are similar for a few categories with multiple estimates, such as output

and feed grain supplies.   However, in general, the elasticities vary widely among estimates.

In modeling the supply response in a multiproduct framework, Ball (1988) uses

disaggregated output data to approximate the agricultural technology by a restncted profit

function.

3 Analogous to the cost function, the econoinic literature is rich with elastic]ty estimates of Input and output

prices, similar estimates are scant in the aglicul(ural literature.
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Table 3.   Summary of input and output elasticities estimated from profit functions.

Variable                                             E lasticity range                       Average

Output                     Livestock
Supply                      Fluid milk

Grains

Input
Demand

Food grains
VTheat
Feed grains
Oil seeds
Soy beans
Other crops
Machinery
Real estate
Farm produced products
Labor
Hired labor
Energy
Fertihzer
Fuel
Materials
Other urchased in

0.11  -1.09

0.64
0.84
0.31

0-97
0.02 -0.I I
0.10  -0.43

1.31

0.08  -0.11
-I.27  -0.12

-0.58  -0.03
-I.16

-0.51  -0.01

-1.50  -0.10

-0.94 - 0.25
-0. I 2

-0.72
-0.34 - 0.08

-2.9

0.542
0.64
0.84
0.31

0.97
0.07
0.27
I.31

0.60
-0.42
-0.26
-I.16

-0-34
-0.80
-0.48
-0.]2
-0.72
-0.21

-2.9

Note:       Author's   calculations   from   Antle   (1984),   Vasavada   and   Chambers   (1986),
Shumway, Saez and Gottret (1988), Ball ( 1988) and Huffman and Evenson (1989).

Ball's findings indicate that the own-elasticities of supply are generally less than

unity; only the supply function for livestock and `other crops' are price elastic    The gross

complementarity of outryuts depicts Interesting results suggesting that an increase in the

price of a particular output would result in increased production of all outputs (Ball,  1988).

Similarly to Ball, Antle (1984) found that all own-price elasticities are negative as

theory predicts, and most elasticities are absolutely less than  I.   Antle compares elasticity

estimates for different studies.  Binswanger's aggregate models also produced a low

demand elasticity for land (-0.34) but elasticities for labor, machinery, and fertilizer were

near -0.9.   Ray's aggregate model also produced a labor demand elasticity near -0.9 to 0.53

for capital and -0.13 for fertilizer.   Weaver's multiproduct model for the Dakotas produced

]2



higher demand elasticities, generally greater than  I  in absolute value, whereas Shumway's

multiproduct model for Texas crops estimated -0.80 for fertilizer, -0.43 for labor, and -0.37

for machinery.  Thus except for Weaver's study, these results present a picture of input

demand inelasticity in U. S. agnculture.  Antle also points out that, both Weaver's and

Shulnway's models produced inelastic supply functions, ranging from 0.4 to 0.73 in the

former study and from 0.25 to 0.72 in the latter (Antle,  1984).

2.4 Quantile regression

A commonality among the differing methods for analyzing longitudinal data is the

use of the mean as the measure of centrality.  However, estimating at the mean level has its

disadvantages (Karlsson, 2006).  Nonetheless, unlike linear regression, which estimates the

mean value of the response variable for the given level of the predictor variables, quantile

regression is an evolving body of statistical methods for estimating and drawing inferences

about conditional quantile functions.  Hence, more recent research has shifted from the

using to mean to the median as a measure of centrality first introduced by Koenker and

Bassett ( 1978).

In calculating regression curves for different quantiles, it is possible to get a

distribution of quantile regression curves that show the drstnbution of the data for each

time point, conditional on the specific time points.   The quantile procedure makes it

possible to study any changes over time in the shape of the entire conditional distnbution of

the data, and not only the change over time in the conditional mean or median.   It gives a

picture of how the indrvidual subject perfoms in comparison with the overall perfomance

13



of the sample, thus providing a much more complete picture of the dataset (Karlsson,

2006).

Quantile regression offers a richer, more focused view of the applicatlons than

could be achieved by looking exclusively at conditional mean models.  There have been

recent advances in the use of quantile regression to complement classical linear regression

analysis which abandons the idea of estimating separate means for grouped data.  The OLS

procedure is a standard approach to specify a linear regression model and estimate its

unknown parameters by minimizing the sum of square errors, leading to an approximation

of the mean function of the conditional distribution of the dependent variable.  Ordinary

least square is similar to quantile regression in that both specify a moment of the

conditional distribution as a linear function of the conditioning variables.   The least square

estimator specifies and estimates the conditional mean function, E [Y|X = :r] = jrp, where Y

is a univariate random vanable and x is a vector of covariates with the associated parameter

vector P.  Quantile regression, first introduced by Koenker and Bassett (1978), specifies

and estimates a family of conditional quantile functions, I;+[}tr /T |*-J = ^-¢/TJ, where F is the

conditional distribution function of Y given .1', and r  is a quantile in the interval  [0,1].

Thus quantile regression provides several summary statistics of the conditional distribution

function, rather than just one characteristic, namely the mean (Centeno and Novo, 2006).

Kriger (2006) points out that quantile regression has the potential to uncover

differences in the response of the dependent variable to changes in explanatory variables,

thereby providing a large amount of infomation about the heterogeneity of the sample

items.  In additlon, coefficient estimates obtained by quantile regression are more robust

with respect to outhers of the dependent vanable and, in the case of non-normal errors.

14



Fitzenberger, et al., (2001) suggested the quantile regression estimates may be even more

efficient than least square estimates.

There is rapidly expanding empirical quantile regression literature in economics

which can be taken as a persuasive case for the value of "goz.#g beyo7zd 7"odc/s/or /Ac

coHdz/i'o#o/ mecz#," in empirical economi;s (Buhai, 2005, p. 2)`   The context of quantile

regression has been apphed in labor economics. on union wage effects and returns to

education, and labor market discrimination [Falaris (2003); Martins and Pereira (2004)].

Deaton ( 1997) has been credited with introducing quantile regression for demand

analysis.  His analysis explains the procedure as involving minimization that is similar to

minimizing the sum of absolute errors in a median-regression context.  Though this

minimization problem can be solved through the use of linear programming, Deaton and

other scholars have pointed out the estimation of the variance-covariance matrix of the

estimators, and therefore hypothesis tests can become problematic in the presence of

c ertain departures.

Though the application of quantile regression continues to expand, literature of its

application to the agr]cultural industry is scant.   Kltiger (2006) examines the productivity

dynamics beyond-the-mean in U. S. manufacturing industnes.   In his paper, Kriiger uses

quantile regression to explore the relation of current and lagged productivity levels of u.S.

manufacturing Industries.   The results of the quantile regression specification give the

overall impression that the degree of persistence tends to be larger in high-productivity

Industries compared to low-productivity industnes.   The result of persistence is established

by the application of different empirical methods like unit root and stationarity tests.

indices, and non-parametric estimation.   Kmger concludes that productivity transitions are

15



characterized by a substantial degree of persistence which tends to be larger for high-

productive industries than for industries with lower levels of productivity.  The difference

across different quantiles supports the notion of differential growth of industries in the U.S.

manufactunng sector.

2.5 Conclusion

This review of the literature initially focused on studies that used the OLS

procedure to estimate production, cost, and profit functions.   Emerging literature, however,

estimates these functions via the use of quantile regression.   Thus, by its Initial focus on

these relationships using quantile regression at the state level, this thesis makes a first

contribution to knowledge and, by its subsequent estimation of the three functions

(production via a primal framework and cost and profit functions via a dual framework),

this thesis can be regarded as a pioneering endeavor.

16



CHAPTER 3.  METHODOLOGY AND DATA

Past and current economedic estimates have focused on the estimation of the

production, cost, and profit function using the traditional OLS procedure.   This thesis

differs in that its main objective is to estimate the production, cost, and profit function at a

state level using quantile regression.   This is done by examining the changes in input

resource use to produce output, cost as a function of input prices and output quantities, and

profit as a function of input prices and output prices using a pr]mal production function, a

dual cost function, and a dual profit function, respectively.

Whereas duality has long received previous attention [Shephard ( 1953); MCFadden

(I 962); Uzawa ( 1964)], its potential in econometric analysis was not recognized until

Nerlove ( 1963) employed the Cobb-Douglas (CD) production function in the estimation of

a cost function.   After the seminal contributions of Fuss and MCFadden (1978) and Diewert

( 1974), the duality approach became the preferred method of estimation.  Though the

debate between the duality approach and the primal methodology has not subsided, as a

supporter of the primal approach, Mund]ak ( 1996) points out that:

Much of the discussion on the estimation of the production functions is related to
the fact that Inputs may be endogenous and therefore direct estimators of the
production functions may be inconsistent.   One way to overcome th]'s problem has
been to apply the concept of duality.  The purpose of this note is to point out that
estimates based on duality, unlike direct estimators of the production function do
not utilize all the available information and therefore are statistically inefficient and
the loss in efficiency may be sizeable    a. 4 31).

Paris and Caputo (2004) argue that a more efficient system is composed by both

primal and dual relations that must be jointly estimated, and that only under special cases is

it convenient to estimate either a primal (Mundlak's) or a dual (MCElroy's) funct]on.

]7



3.0 Production function

Production theory assumes that the relationship between multiple outputs and inputs

is reflected by the concept of a /ro#s/o7.7"cr/i.oHji#cfz.on.  With some additional assumptions

and aggregation of all outputs, the input-ouq)ut relationship is often reduced to a

proc7wcrjo#j/#cfz.oH (Chambers,1988).   The production function represents the relation

between nonallocable input vectors,  x = (x] , I ,,...., xn ) e 93:'  used in the production of an

outputvector,.v=(.v„j/.„....,,vm)€9tiw.

Different functional foms can be applied in the context of agricultural production

functions.  The Cobb-Douglas functional form of production functions (multiplicatlve),

initially proposed by Wicksell (1851 -1926) and empirically estimated by Charles Cobb and

Paul Douglas in  1928, is widely used to represent the relationship of an output to inputs.

This research uses the Cobb-Douglas function to represent the production function

characterized as:

y,  = /(ri ,  I c¥)   or    }J,  = A£ (x^ai, )
+-I

(3.i.1)

where k =  I. . .K (number of inputs and time  I  . . . T).   Converting the inputs and output Into

logarithms and adding a stochastic eli-or term, the production function can be represented

as:

n J,, = oo + i o* ,n I"
LIE

=  ao  +  Cr,  ln  I;,,,  +  ..... +  CljK  ln  XAr,,  +  t`,

(3.12)

where, Gi ,... Chk, are the input elasticities, and f denotes the elTor temi

The Cobb-Douglas production function was the function of choice from the  1920s

until the early  1950s when economists leaned of its limitations and began exploring
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alternatives.  Included among the proposed altematives was a less restrictive quadratic

production function, the transcendental logarithmic production function and the constant

elasticity of substitution (CES) function, both generalizalons of the Cobb-Douglas

production function.  Additional types of functional foms included the multifactor CES,

generalized production funct]ons, variable elasticity of substitution functions, constant ratio

elasticity of substitution-homothetic, and the generalized Leontief.   Such developments in

functional forms reflect the growing understanding that the functional forms used in

production analysis may Impose restrictions on the economic relationships (Capalbo and

Antle,1984).   Though the CD production function imposes restrictions of unitary

elasticities of substitution, constant production elasticities, and constant factor demand

elasticities, a CD production functional fom is used here to avoid a problem of degrees of

freedom with non-Hicks neutral technology change and other functional forms.

The production function has been widely applied in the measurement of farm

perfomance via the OLS procedure; this thesis estimates the CD production function by

the means of a quantile regression approach.  An OLS regression is based on the mean of

the distnbution of the regression's variable.   This approach is used because one implicitly

assumes that the possible difference in terns of the impact of the exogenous variables

along the conditional distribution is unimportant.   However, this may prove inadequate in

some research.   If exogenous variables influence parameters of the conditional distribution

of the dependent vanable other than at the mean, an analysis that disregards this possibility

will be severely weakened (Koenker and Bassett,  1978).

For a single equation production function econometric model, the parameter

coefficients are generally estimated as:
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&=mnE(yt-x£,tGk)2
(3.I.3)

where  y,  is the endogenous variable and  x*, is a vector of exogenous variables.  Following

Koenker and Bassett ( 1978), a single equation econometric model can be extended to

quantlle regression to examine the changes in coefficients across the distribution of

endogenous model.   Following Koenker and Hallock (2001, p.146), the quantile regression

provides parameter coefficients estimation for any quantile in the range of zero and one (0,

I ) conditional on the exogenous vanables, represented as:

&ttj=aT;np Ettyt.x£.tcik ,2   for anyquant]Le, I € to,1,

;r(I)=aT|np[t€(,yzL,a[)t|yt-Xi.Gkl+t€(t)ZL,q)(1-I)lyt-XktQkl]

(3.1.4)

The quantile regression as defined in equation 3. I .4 is used as the basis for the

empirical model presented here following a reduced-methodology.   The quantile model

specification follows equation 3.1.3 and can be represented as:

9, [y I  xk ] = ao I  + ai TJx;A,
(3 .I.5)

where }' is aggregate output,  i)I [); I jr* ] is the  7`"  quantile of}; conditional on covariate

matrix, Xk that includes the quantities of capital, land, labor (hired, self-remployed, and

unpaid family labor), materials, energy, and chemicals.  The coefficient  o„  represents the

returns to covariates or inputs at the  7-'h  quantile.
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3.1 Cost function

The econometric model used to analyze cost is a model in which an explanatory

variable represents total cost and exogenous variables represent factors that influence their

level.  Production quantity is the most important factor which determines the level of total

cost. The cost function is the minimum cost of producing a given output level dunng a

given period expressed as a function of input prices (w) and output (v).   The cost function

can be defined as:   C (w, jJ) = min  {t4J.J::  s.t. x  E  Vb;)}.

Numerous algebraic equation forms can be applied in the context of agricultural

cost functions. An advantage of such a function is its capability of handling multiple

outputs.  The CD functional form of the cost function is defined as a function of the Input

prices (w) and output fy) and can be represented as:

c,=/(w„,y|¢,y)   or  q=4(i(wt'+,),y')                                                      (32 9

k=l . . .K (number of inputs and time) and t =  I. . .T years.  Log-linearizing and addmg a

stochastic error term, the cost function can be represented as:

1nc,=4o+£4Alnw„+/lny,+€,
\'

= 4o + 4, 1n t4', , +   .   + 4K ln wK,, + y ln );, + €,
(3.2.2)

For a single equation cost function econometric model, the parameter coefficients

are generally estimated as:

A,P=-E(c,-(i(wk"A), ,v|y))2                                                     (3 2„

where C, is the endogenous variable and wA,, and }; are a vector of exogenous vanables.
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Following Koenker and Bassett, a single equation econometric model can be

extended to quantile regression.  Unlike the OLS, quantile regression is not limited to

explaining the mean of the dependent variable.  It can be employed to explain the

determinants of the dependent vanable at any point of the distribution of the dependent

variable.   Following Koenker and Hallock (2001, p.146), the qunntile regression provides

parameter coefficients estimation for any quantile in the range of zero and one (0,  I )

conditional on the exogenous variables, represented as.

4(7,'"r,=,=€lFPE(r,(c,-(i(wA,,,4A,,y,y))2

foranyquantile,T€(o,|)

A(,),j(r)-,#
€(,,,a(?„„rlc,-(i(w,"*),y,y)

/€{tc,si?,„»(I-r)|Cr-(i(Wt"k),y,y)
(3.2.4)

The quantile regression used is defined in equation 3.2.4 as the base for the

empincal model presented here following a reduced-methodology.   The quantile model

specification follows equation 3.2.3 and can be represented as:

gT[C.|Wo,,V]=4oT+4^-,TW`k+yrJ' (3.2-5)

where .v is aggregate output,  07 [c I w„ }`]  is the  7'"  quantile of c conditional on covariate

matrix,  w„  that includes the quantities of capital and land, the price of labor qired, self-
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employed and, unpaid family labor), materials, energy, chemicals, and y includes the output

over time and the coefficient ¢„  represents the returns to covariates at the  7`" quantile.

3.2. Prorit function

The genealogy of the profit function is slightly more distinct than that of either the

cost or the production function.   Hotelling ( 1932) clearly had conceptualized such a

function in the  1930s.   However, it was not until MCFadden's work that the dual

relationship between profit and production functions was exhaustively investigated.

MCFadden (1978) and Gorman (1968) were among the first to establish the existence of a

duality between the profit and the direct technology (Chambers,1988).

A profit function is the mathematical representation of the solution to an economic

agent's optimization problem.  Profit function maximizes profit during a given period

expressed as a function of input prices and output prices and represented as:   7t ®, w') =

max  dy/ (I) -w.x} = max  tr}J -c(w,.v)} where p is the output price producers take as given

in el.ther maximizing profit for one output (short run) or maximizing profits by minim]zing

costs (long rm).

Analogous to the production function and the cost function, different functional

forms can be applied in the context of agricultural production functions.  The CD

functional form of the profit function can be represented as a relationship between input

prices and output pnces:

%, =/(W'h,p"a)   or   q =4(i(wf+I),p6)

23
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Log-linearizing and adding a stochastic error term, the profit function can be represented

as:

h¢,=4o+£4*1",,+alnp,+G,
L="

= ¢o + 4, in w„ + ..... + 4j[ 1n wj„ + a ln p, + £,
(3.3.2)

For a single equat]on profit function econometric model, the parameter coefficients

are generally estimated as:

A,6=mm±(„,_(±(w"A), FIG))2                                                           (3 3 3)

where 7It is the endogenous variable and wA,, and p are a vector of exogenous variables and

p represents the number of parameters to be estimated.  Following Koenker and Hallock,

(2001, p.  146), the quantile regression provides parameter coefficients estimation for any

quantile in the range of zero and one (0,I ) conditional on the exogenous variables,

represented as:

4(r)>6(r)=4¥:£p£(7)(#,-(£(w"A),piG))2

foranyquanlile,T€(O.\)

Or

4(f)'7(f)-p=::p
'€{J#,2(zM6)}+`-(i(wwl4^),plo)

fE{/„,s(¥,„a)}(I-r)I"'-(i(W"14*),p|6)

(3.3.4)

where k =1. . .K (number of inputs and time) and 1 =  1. . .L (number of outputs).  The

quantile regression as defined in equation 3.3.5  is used as the basis for the empirical  model
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presented here following a reduced-methodology. The quantile model specification follows

equation 3.3,3 and can be represented as:

gr[ff|W",P]=ft,I+#„Xt+6TP (3.3.5)

where re is profit  a, [ff I w*,,, p]  is the  7'b  quantile of re conditional on covariate matnx,

w'A. ,  that includes the quantities of capital, and land, and the price of labor (hired, self-

employed, and unpaid fanily labor), materials, energy, chemicals, and the  pnce of output

®), and the coefflcient  4A. r  which represents the returns to covariates at the  7'h quantile.

3.3 Data

The input and output data for North Dakota's agriculture span a 45-year period

from  1960-2004.   Six categories of inputs and three categories of outputs were used in the

estimation of the production, cost, and profit models.   The six inputs include capital

excluding land, land, two types of farm labor (hired and self-employed, and unpaid family

labor), aggregated materials, energy, and agricultural chemicals ®esticides and fertilizers)

to produce three outputs, specifically livestock, crops and other fan related outputs   The

United States Department of Agriculture (USDA) uses Elteto and K6ves (1964) and S2ulc

(1964) (EKS) indices of relative levels of output and inputs among all states for a single

base year.   Indices of output and input quantities in each state are obtained relative to those

in base state for each year by linking time-series quantity Indices with estimates of relative

output and input levels for base period equal to unity in Alabama in 1996 (Ball, 2008).

Annual time-series data for North Dakota were used to estimate the models.  The

output series was defined as aggregated quantity and price index (AO_QI, AO_PI)
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comprised of livestock, crops, and other fain output.  The independent variables include

six conventional input price and quantity indices including capital (cap_PI, cap_QI), land

(land_PI, land_QI), labor (labor_PI, labor_QI), materials (mat_PI, mat_QI), energy

(eng_PI, eng_QI), and chemicals (chem_PI, chem_QI).  The indices in each category are

based on prices relative to levels in Alabama in 1996.  All the input and output quantities

are Implicit quantities in value of $1,000 in  1996, and Input and output prices are indexed

in  1996 dollars.

In the primal production function, physical input and output quantities are used in

the estimation.  Altematively, when the duel cost function is estimated, input prices are

used rather than quantities.   Total cost was estimated by aggregating the individual input

price multiplied by input quantities.   In addition, in specifying cost and the profit functions,

two inputs were treated as fEL: ed (capital and land).   Hicks-neutrality CD production,

restricted cost and restricted profit function is used in the estimation of traditional OLS and

quantile regression.

In estimating the profit maximizing function, total revenue was calculated by

aggregating output price multiplied by output quantities of crops, livestock and other

outputs.   Profit was estimated by subtracting total cost from total revenues and specifying

the profit maximizing model as a function of a subset of restricted input factors, four input

prices, and output prices.

Tables 4, 5, and 6 presents the summary statist]cs for independent and dependent

variables used in the estimation of production function, restncted cost function and

restricted profit function respectively.  The summary statistics includes the mean, standard

deviation, minimum and maximum.
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Table 4.  Descriptive statistics of input and output quantity variables used in the estimation
of the production function for North Dakota's agriculture sector,1960-2004

Variable                 N                  Mean              Std Dev          Minimum           Maximum
Output_QI                  4 5
Capital_QI                  4 5
Land_QI                      45
Labor_QI                    4 5
Materials_QI              4 5
Energy_QI                  4 5
Chemicals QI45

3,490,990            922,745             1,631,446             5,246,704
872,684               144,655               676,890                1,176,491

1,274,286              38,350
1,591,884             309,844
I,669,789             214,355
209,728                21,022
432,095               239,555

1,219,174               I,334,053
1,044,932             2,408,406
I,262,242             2,073,637
182,300                   253,331

82,429                   989,574

Because this thesis makes use of the primal production function, aggregate output is

modeled as a function of input quantities (Table 4), where N represents the sample size

(number of years from  I 960-2004).  The mean scores represent the numerical average for

the set of variables.  The estimated average value for aggregate outputs stood at 3,490,990

with a minimum value of 1631,446 in  1961  and a maximum of 5,246,704 in 2003.   The

distribution around the mean of the aggregate outputs is 922,745, so ± one standard

deviation from the mean gives the range of 4,413,735 and 2,568,245 which represents

approximately two thirds of output values.

In contrast from the input vector, aggregate materials ranked the highest average at

I,669,789 followed by labor at 1,591,884, land at  I,274,286, and capital at 872,684

followed by the use of cheinicals at 432,095 and energy with the lowest amount at 209,728.

The higher averages indicate the level of concentration relative to input use in North

Dakota in the time period  1960-2004.

Unlike the averages for the input quantities where materials portrayed the highest

average, the price of energy ranks highest with a total of 0.724 with a minimum price of

0.250 in  1966 and maximum of I.303  in 2004 (Table 5).
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Table 5.  Descriptive statistics of the input quandty, input price, and output price vanables
used in the estimation of cost function for North Dakota's agnculture,1960-2004

Vanable                N                    Mean                 Std Dev            Minimum         M aximum
Cost                              45
C apital_Q I                 45
Land_QI
Labor  PI
MatenTals  p|
Energy_PI
Chemicals  PI

45
45
45
45
45

I45

3,178,028               I,763,374
872,684                  144,655

I,274,286                 38,350
0.495                        0.401

0.684                        0.310
0. 724                       0.370
0.529                       0.236

3,490,990               922,745

670,535             5,852,090
676,890               1,176,491

I,219,174             1,334,053

0.068                      1.548
0.224                      I.109
0.250                       1.303

0.165                       0.860

1,631,446            5,246,704

The distribution around the mean of the energy prices is 0.370.  Following the price

of energy is the price of matenals with an average of o.684, followed by the price of

chemicals and labor with average price 0.529 and 0.495, respectively.  The aggregate

output quantities over the 44 years averaged 3,490,990, with an average dispersion of the

mean of922,745.  The total cost over the period,1960-2004 averaged 3,178,028 with a

standard deviation of I,763,374 and an overall minimum cost of 670,535 in  1960 and a

maxinum cost of 5,852,090 in 2001.

Table 6.   Descriptive statistics of the input quantity, input price, and output price variables
used in the estimation of restricted profit function for North Dakota's agriculture,1960-
2004

Variable                  N                   Mean                Std Dev            Minimum         M aximum
Rprofit                           45
Capital_Q I                    45
L and_QI                        45
Labor  pI                      45
MatenTals  pI                 45
Energy_P I                     4 5
Chemicals  pI              45

ut  pI                     45

1046680               460633
872684                  144655
1274286                 38350

0.495                       0.401
0.684                       0.310
0.724                     0.370
0.529                      0.236
0.728                       0.218

244975                1989283
676890                1176491

1219174                1334053

0,068                     I.548
0.224                      I.109
0.250                      1.303

0.165                      0.860

0.361                          I.018
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As noted from statistics of the cost function, the average price of energy ranks

highest followed by the price of materials, capital, chemicals, labor and land with the

lowest average price.  However, the price of aggregate outputs is slightly larger than the

price of energy (Table 6) at 0.728 with a distribution of 0.218 and a minimum average

price of o.361  in 1960 and a maximum of I.018 in  1988.   The restncted profit function was

defined by distinguishing between input prices of variable and fixed inputs (land and

capital).   The average profit over the 45-year time penod was  I,046,680 with an average

disperslon of 640,633 and a lowest profit of 244,975 in  1961  and the highest of I,989,283

in  1992.
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CHAPTER 4.  EMplRICAL MODEL Ar`u) REsuLTS

The theoretical methodology described in the previous chapter was applied to

measure the farm input and output change characterizing North Dakota agriculture from the

time period I 960-2004.  The models to be estimated include the production, cost, and profit

function with primary emphasis on the bias between the traditional OLS procedure and the

quantile regression.  The different models are briefly presented with a complete depiction

of the related variables.

The following input and output categories were used in the estimation of the

production, cost, and profit function with prices relative to the level in Alabama in 1996,

ahd Implicit quantities in value $1,000 in  1996 prices of Alabama.   Included among the

input variables are aggregate price and quantity of inputs, as well as disaggregated prices

and quantities of capital excluding land, land, two types of labor thired and self-employed,

and unpald family labor), aggregate materials, energy and chemicals including pesticides

and femlizers.

4.0 Production function for North Dakota's agriculture sector

The production function is estimated by traditional OLS and quantile regression

using North Dakota state level data.  The empirical representation of the Hick-neutral

technical change of the product]on function as defined in equation 3. I .2 in chapter three

can be represented as:

1n ,4 a _ gJ, = c¥o + er, 1n cap _ or, + o2 ln /a7?d _ gJ,

+ a3ln lab _QI , + a4l:n mal _QI ,

+cr5 lncj?g_a/, +o6 lncAem_g/, +Czrr+€,                     (4.I.i)
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where AO_QI, CapQlt, Land_QI`, LabQI`, Mat_Qli` Eng_Qlt and ChemQI\ and T

characterize aggregate output, capital, land, labor, aggregate materials, energy, chemicals,

and technology, respectively, and € represents the error term.  Appendix 1 presents a

detailed representation of the parameter coefficient, standard errors, t-value and probability

for each quantile ranging from 10 to 90 percent.  Because quantile regression presents

snapshots at different points of a conditional distribution, they represent a parslmonious

way of describing the whole distnbution (Martins and Pereira, 2004).

The parameters obtained from the traditional OLS estimation expose no statistical

significance between the agricultural inputs and aggregate output for the period  1960-2004

using aggregate state-level data as reported in Table 7.  Unlike traditional OLS, quantile

regression results provide parameter coefficients at each quantile.  However, similar to the

OLS, quantile regression also reveals no statistical significance between the six input

vanables and aggregate output production.

Table 7.  Quantile regression estimates of the production function for North Dakota's
agriculture sector.1960-2004

Selected auantiles
Variable                       10                            40                            60                            90                            0LS

Intercept
Capital_QI
Land_QI
LaboLQI
Materials_QI
Energy_QI
Chemicals_QI
Year

-608.006
-0.331

7.6021

0-4357
0.6694
0.2306
-0.2306

66-154

-279.828

0.3394
-0.4794
-0. I 174

0.4151

0.002
-0.1154

38.7423

-311.407

0.2002
-0.0955

0.2102
0.1598

0.0495
0.0144

42.0204

-285.158

0.4158
-2.8731

-0.1422
-0.143 6

0.3328
-0.168

44.4127

-277.8111

0.24792
-0.71105

-0.04646

0.53489
0-09425
-0. I 1482

38.563

Figure  1  presents a graphical summary of the quantile regression results for each

input.  Each panel in Figure  I plots one coordinate of the parameter vector a (I) as a
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function of I, which takes the value in [0,1].  The shaded area in each plot represents a 95

percent confidence band.
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Figure 1.  Graphical representation of the quantile regression estimates for
the production function in North Dakota's agriculture sector, 1960-2004
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4.1 Restricted cost function for North Dakota's agriculture sector

Since the cost was greater than the revenue, the restricted cost function is estimated

using state-level data.  The empirical representation of the Hick-neutral technical change of

the restncted cost function as defined in equation 3.2.2 in chapter three can be represented

as:

ln RCost , = Po + fl\ha cap _QI , + P2haland  _Q1 i + P3ha lab _PI I

+ P4homal  _P1, + P5haeng _PI , + P6trLchem _PI ,

+ yln AO _QI , + |3TT + €[
(4.2.1 )

where Cap_gJt, I,c77!c7_gJt  represents quantities of capital and labor, and fczb_A/t il4lcJLPJt

E77g_P/, Cfac7H_Plt and I represents the prices of labor, materials, energy, chemicals and

technology, respectively; A O_gJt characterizes aggregate outputs and f represents the error

term.

Table 8 reports the restncted cost function parameter coefficients of input prices

and aggregate output estimated by traditional OLS and quantile regression.   Quantile

regression can be employed to explain the determinants of the dependent variable at any

point of the distribution of the dependent variable.

The estimates of traditional OLS for the restricted cost function reveal a significant

effect of the price of labor, materials, energy, and chemicals as well as the technology on

the restricted cost.   Unlike traditional OLS, quantile regression illustrated a positive and

statlstically significant effect of the quantity of capital on the restricted cost at the 20th-80th

quantile with the exception of the lowest and highest quantile.   These results reveal

considerable differences between those presented by OLS estimates and the estinates for

specific quantiles.   For comparison purposes, Table 9 presents the differences between the

OLS and quantile regression.
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While the traditional OLS allows the effect of restricted cost to be estimated at the

mean of the conditional distribution, it is important to examine the relationship at different

points of the conditional distribution function.  Quantile regression facilitates such an

analysis, depicting the effect of each variable at precise quantiles, as illustrated by each

panel in Fig 2, 3 and 4.  Figure 2 illustrates the graphical representation of table 8; the first

panel in Figure 2 reports the intercepts estimated through quantile regression and their 95%

confidence interval.  Estimates from the traditional OLS and quantile regression reveal a

negative intercept at the mean as well as through quantiles loth -90th.  Figure 2 also

illustrates a marginal increasing trend in the price of labor, with a lower effect at the lowest

quantiles and increasing towards the 90th quantile.  However, less confidence can be

associated to both extremes.
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Figure 2.  Graphical representation of the quantile regression estimates for

the restricted cost function in North Dakota's agriculture sector, 1960-2004
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Similar to the price of labor, confidence also can be associated with the highest

price of materials; Figure 3 reveals a statistical significant effect across each quantile for

LMAT  PI except at the loth, 20th and 30th quantile.  The parameter coefficient of materials

indicates a positive and significant effect on the restricted cost.  Quantile regression,

however, reveals no significance between the price of materials and the total restricted cost

at the lower quantiles but becomes significant at the higher quantiles.  This suggests that

the restricted cost at the bottom of the conditional distribution of the price of materials

appears not to be benefiting from changes in price.

+ + ce

ae,            .``:i"ss      ,,."            st`.t,     .\T:,S",,\

•se --- i`,      sjiijsessi:sex                   '   'Ix`

1

f=_              ,!;i

es,a

);i,,`SS``*

s         S'         »sseas orse``as"L

+

as S¥S;

)it\S

se

es,I,'i•'';

EasBfa~_`_`"``_` § ```T..
--§:...i                   ,a:.           is.

+
\1?+\`Sft

`P§s         `s                                     -`                         ,            s*€s=
`      ,if{ii#,EN

*``.`     :\           `      ,                         ,++.+       „                  ``Msse:```:sse§ss§ses!is::s±

``rs s§                           &§`

'11'111'-I-
€Siis

Figure 3.  Graphical representation of the quantile regression estimates for
the restricted cost function in North Dckota's agriculture sector,1960-2004

The second panel in figure 3 reveals a statistical significance in the price of energy

across most quantiles with the exception of loth, 30th and 90th quantiles.  The energy crisis -
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- characterized by the rapid and drastic price increases as well as threatened shortages -- is

significantly increasing the overall total cost of agricultural production in North Dakota due

to higher input costs.  While the traditional OLS confirm that an increase in the price of

energy would result in a 0.30385 increase in total price, quantile regression, however,

depicts a flatter positive marginal decrease at the lower quantiles implying that the price of

energy is less sensitive at the lower quantiles as opposed to the higher quantiles.  The OLS

estimator, by focusing only on the central tendency of the distribution (i.e., the mean) does

not allow for the possibility that the impact of explanatory variables can be differ across

quntiles.

Figure 4.  Graphical representation of the quantile regression estimates for the
restricted cost function in North Dckota's agriculture sector, 1960-2004
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The parameter coefficient on time variable used as a proxy for technology indicated

a positive but not significant effect on the restricted cost.  Quantile regression reveals no

statistical significance at the  loth, 30th, 40th, 60th, 70th, 80th and 90th qunntiles as indicated in

table 9 and graphically presented in Figure 4.  These results present major differences

between OLS estimates and quantile regression estimates where only three out of the nine

quantiles appear to significantly affect total cost.

Though most of the significant variables present a positive relationship with total

cost, results from the OLS procedure depicts an inverse relationship between the price of

chemicals, and the restricted cost of production.  On the other hand, quantile regression

depicts no statistical significance of the price of chemicals, revealing the major differences

between OLS and quantile regression estimates.

4.2 Restricted profit function for North Dakota's agriculture sector

According to duality theory, a profit maximizing firm also must minimize cost, and

the unrestricted profit maximization problem contains the same information as the cost

minimization problem (Mas-Collel, et al„  1995).   Theoretically, it is possible to link the

parameters of the profit function to the parameters of the cost function.  Lau (1976) proves

that under perfect competition, a restncted profit (cost) function or production function can

be recovered from an unrestr]cted profit function and vice versa (Gao and Featherstone,

2006).   This thesis does not treat all inputs as variable and assumes both the land and

capital input as fixed; accordingly a restricted profit function is used to model the relation

between input price, fixed inputs quantity, and output price.
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The empirical representation of the Hick-neutral technical change of the restncted

profit function as defined in equation 3.3 .2 in chapter three can be represented as:

ha Rprofit , = Po + P\hocap _QI , + P2haland _QI , + P3halab _PI ,

+ P4lnrrrat _PI , + F}slneng _PI , + 86lnchem _PI ,

+ 6Lha Ao _pl t + BTT + €,
(4.3.1)

where Cap_art and Zfl77d_gJt represent quantities of land and capital,  Lab_PJ„ A4lc7/_PJt,

E»g_P/t, C7!cm_P/t, and rrepresent price of labor, matenals, energy, chemicals and

technology, respectively; ,40_PJt represents the price of aggregate outputs and f represents

the error term.

Table  10 reports the parameter coefficients of restricted profit function estimated by

traditional OLS and quantile regression.  While both fixed input quantities (capital, and

land) reveal no statistical significance on the maximization of profits, the variable inputs

indicate little statistical significance with the exception of the price of labor.

Table 10.   Quantile regression estimates of the restricted profit function for North Dakota's
agriculture sector,1960-2004

Vari able                                                                          Selected a uantiles
10                 30                  50                    60                    70                   80                 0LS

Intercept             -622.436     -336.043
Capital_QI          -0.136           0.4193
Land_QI              8.846            -1.950
Labor  pI             -0.343          -0.268..
MaterTals  pI     -0.5368       -I.023
Energy_PI          0.177            -0.162
Chemical   pI     0.117             0.156

-258.978       -Ilo.568       -271.076

0.3943            0.289              0.7284
-3.557              -4.559              -5.861

-0.317'..        -0.254             -0.436...
-0.805               -1.015               -0.191

-0.212              -0.101              -0.468

0.171                 0.240                -0.031

OutpuLPI           0.193            0.983..         0.844..           0.942...          0.637.
Year                      65. 806         47.092          39.968            22.482           45.213

-308.804     -205.103

0.833             0.678
-6.307           -5.343
-0.460"       -0.255..
-0`152           -0,228
-0.527           -0.471

-0.018           -0.093

0.576            0.592..
50.815           35.655.

IVo/e /  Single, double and triple asterisks indicate significance at 10, 5, and  I  percent evels, respectively.
rvo/a 2.   Figures rounded off to three decimal points.
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Figure 5.  Graphical representation of the quantile regression estimates for the
restricted profit function in North Dakota' s agriculture sector
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In addition, estimates from the OLS procedure posit that price of aggregate output

and technology also has a statistically significant effect on profits.

Though quantile regression reveal similar estimates, the price of labor presents a

negative significant effect on profit maximization at the 30th,40th, 5oth, 7oth, and 8oth

quantiles as illustrated in the fourth panel in Figure 5.  Similar to the price of labor, the

Priceofaggregateoutputspresentsastatisticalsignificanceon|yatthe30th,4oth,5oth,6oth

and 70th quantiles.  The statistical significance and variation in the parameter estimates

from the quantile regression suggest OLS estimates may be misleading.

Among the variable inputs, quantile regression complements the OLS inability to

depict significance other than the conditional mean.  While OLS points a statistical

significant effect at the 10% level, qunntile regression reveals no statistical effect across

quantiles as illustrated in Figure 6.
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Figure 6.  Graphical representation of the quantile regression estimates for the
restricted profit function in North Dckota' s agriculture sector
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Table  I I .  Differences between the ordinary least square and quantile regression estimates
for the restricted profit function

S elected cruantiles
Variable              OLS                10                 3 0                  50                  60                 7 0                 80
Intercept              -205.103       -417.333     -130.94        -53.875
Capital_QI         0.678              0.543            0.259            0.284
Land_QI              -5.343             -3.503           3.392             I.785
Labor  pl             -0.255..          -0.088           -0.013           -0.062
Materials  pI     -0228            -0.308          -0.794          -0.576
Energy_Pl          -0.471             0.295            0.309            0.259
Chemical  pI     -0.093            -0.024          -0.063          -0.078

ut  pI           0.592..            0.400            -0.391           -0.252

94.535          -65.973
0-390            -0-050
0-783             -0.518

0.001               -0.181
-0,787          0.037

0.370            0.0040
-0.147           0.062
-0.349          -0.045

-103.701

-0.155

-0.965
-0.205

0.076
-0.055

0.075
0.016

Each panel in Figures 5 and 6 plots each variable across quantiles  loth -90th

depicting beneflcial variables aiding in maximizing profits.   Table  I I presents the

unaccounted difference between the OLS and quantile regression.  Appendix 2 reprints the

quandle regression estimates of the input and output prices used in agricultural production

in North Dakota since  1960-2004 at each particular quantile.

42



CHAPTER 5.  CONCLUSIONS AND DISCUSSIONS

Previously the contribution of capital, land, labor, materials, energy, and chemical

inputs quantities and output quantity using the primal production function; contribution of

capital quantity, land quantity, output quantity, labor price, materials price, energy price,

and chemical price to cost using the dual restricted cost function; and the contribution of`

capital quantity, land quantity, labor price, materials price, energy price, chemical price,

output price to profit using the dual restricted profit function had been examined for

different sectors including agriculture in the United States.   This thesis estimates the

production, restricted cost, and restricted profit functions using North Dakota agriculture

sector data from  1960-2004.

Second, this research utilizes quantile regression methods (Koenker and Bassett,

1978) to examine the relationship at different quantiles.   Even though quantile regression

has been developed and applied to cross-section data, here the quantile regression is

applied to time-series data to examine the shape and the linear or non-linear relationship

between the endogenous and exogenous variables in the estimation of the production, cost,

and profit functions.

To summarize, the production function parameters obtained from the traditional

OLS and quantile regression estimation reveal no statistical significance between the

agricultural inputs and aggregate output for the period,  1960-2004 using aggregate state-

level data for North Dakota agriculture.   Similar results were indicated by restricted profit

function wherein, the traditional OLS estimates reveal a statistical significance between the

price of labor as well as the price of aggregate output.   In addition, whereas OLS exposes a

positive statistical significant relationship between profits and technology, quantile
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regression depicts the price of labor and aggregate outputs as the variables having a

statistical effect on profits at quanti[es 30th-80th with no significance at either extreme.

Results from the traditional OLS and the quantile regression reveal highly

significant variables between input prices and output.  Whereas OLS depicts no statistical

significance between the quantities of capital and labor, it does, however, reveal high

significance between the price of labor, materials, energy, chemicals as well as technology,

with no significance between profits and aggregate output.   Slight differences can be noted

upon comparing the results from the traditional OLS and the estimates from the quantile

regression.  With the exception of the price of labor, which is significant across each

quantile, quantile regression depicts explicit quantiles (20th - 80th) wherein the quantity of

capital used significantly affects total profits.  An additional major distinction between the

traditional OLS and quantile regression is the dispanty presented by the OLS deplcting a

sigrlificant effect between the price of chemicals and total profits.   Quantile regression,

however, does not reveal any statistical significance between the price of chemicals and

total profits across any quantile.   In addition, quantile regression reveals a clearer

representation depicting defined quantiles wherein each variable maintain a signlficant

effect on profits`

Overall results seem to be reasonable and Indicate that the cost function, in general,

leads to valuable methods for of estimation of production parameters.  In conclusion,

results Identify the restricted cost function as the most appropriate model for the data used

in the analysis.  Nonetheless, additional research is needed to understand the structure of

production in the Midwest region, thus expanding the research to the broader Midwest

states or the entire United States.   Additional variables can be included to an extended time
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period which would allow for the estimation of flexible functional forms, and thus

exploring the importance of the choice of functional forms and quantifying the magnitude

of the errors which may anse from the use of incorrect functional foms as noted by

Bockstael and Mccomell (1986); Ziemer, Musser, and Hill (1980); Sutherlan (1982).   The

short data set was a major limitation affectmg the choice of functional form applied in the

estimation of the fam] economic structure for North Dakota from 1960-2004.

45



REFERENCES

Antle, J.M (1984).  The Stmcture of u.S. Agricultural Technology,1910-78.  4meriacric

Journal Of Agricultural Economics , 66 (4), 4\4A21.

Akndge, J.T. & Hertel, T.W. ( 1986). Multiproduct Cost Relationships for Retail Fertilizer

P\arl:ts.  American journal Of agricultural economics , 68(4), 928-938.

Ball, V. E. (1988)   Modelmg Supply Response in a Multiproduct Framework J4"erieo#

Journal  Of Agricultural  Economics` 70 (4)` 8\3-82S.

Ball,V . fi.  (200&). Agrioullural  Productivity in the Uniled  Slates    Data Documenlation

ci#d A4le/foods.   Retneved June, 20th, 2008 from the United States Department of

Agriculture (USDAV Economic Research Service (ERS) Web site:

htto://wimv.ers.usda.gov/Data/Aeproductivitv/methodsJitm

Bhattachal]ee, J. P. ( 1955). Resource Use and Productivity in World Agnculture. Jowma/

Of Farm Economics, 37  (\). S7-71.

Binswanger, H. P. (1974a). A Cost Function Approach to the Measurement ofElasticities

of factor Demand and Elasticities of Substitution. .4mcrz-cfl# Joe//~7ia/ o/J4977.ccf/#{rcr/

Economics,S6(2.),377-86.

Binswanger, H. P.   (1974b). The Measurement of Technical Change Biases with many

Factors of Production.  Amer/.ccz# Eco7Iom/.c Jievzew, 64 (5), 964-976.

Binswanger, H. P., Yang M., Bowers, A„ & Mundlak, Y. (1987). On The Determinants of

Cross-Country Aggregate Agricultural Supply. /a"777o/ a/Eco#ome/rz-c5r, 36 ( ] -2).

Ill-131.

46



Bockstael, N. E., Hanemann, W, M., and Strand I. E.  A4leaswrz'Hg /fee Be#e/JS o/ Wcl/er

Quality Improvements Using Recreation Demand Models. T`e:port presented to the

Environmental Protection Agency under Cooperative Agreement CR-81143-01 -1,

Volume 11,1986.

Boskin, M. J., and Lawrence, J. L. (1992). Intemational and Intertemporal Comparison of

Productive Efficiency: An Application of the Metaproduction Function Approach to

the Group-of-five (G-5) Countries.  714e fco#om/.a LS'/ztc7z.ef gifc7rfcr/);, 43  (4), 298-

312.

Buhaj,  S.  (2005). Quantile Regression:  Ovcrvi.c'ti/ o#d S€/ec/ed .4z)p/z.cerfz-o#s. Paper.

Mimeo.

Capalbo,  S.  M., and Antle, J.M.   ( 1984)   Agricultural Proc/wcJi.v/.ty A4cc}5'#reme)?/ c7#c7

Exp/flJ7cr/7.o#.   Resources for the Future:   Washington, D.C.1988.

Centeno, M„ and Novo, A. (2006). The Impact of unemployment Insurance on the Job

Match Quality:  A Quantile Regression Approach. Emp7.ri.cci/ Eco#omi`cs 31  (4),

905-919.

Cobb, C.W., and P.H. Douglas.   (1928). A Theory of production. j4mcr7.ca» J?co»omf'c

Zzevz.ow,18  (1),139-165.

C`hambers, R.G.  (\988). Applied Production Analysis:   A Dual Approach.  Ca.mbridge

University Press.

Cobb, C W„ and P.H. Douglas.   1928.   "A Theory of production."  j4mcrJ.cer# Ec.o#o"7c

RevJ.ew,18  (I),139-165.

Deaton, A.   (1997).  Z`¢c 4#c7/ys'z.s a/J7ozfseAOJd Swrve),`s. Baltinore, USA:  Johns Hopkins

University Press.

47



Diewert, W.E„ (1974). Applications of Duality Theory pp.106-171  in M.D. Intriligator

and D.A. Kendrick (ed.), Fro#/jers o/gwa77/i.Jc7/I.ve Eco»omz.cS, Vol.11, Amsterdam:

North-Holland Publishing Company.

Dixon, 8. L., Garcia, P., and Anderson, M. (1987). Usefulness of pretests for Estimating

Underlying Technologies Using Dual profit Functions.   /H/emo/7.or]cz/ EcoHomjc

JZcvz.ow,  28(3),  623-633.

Elteto, 0. and K6ves, P. ( 1964).  On a Problem of Index Number Computation relating to

international comparison", S'rc7/j.a:/z'fac7/. S=cm/e 42,  507-18.

Evenson, R, E.; and Kislev, Y   (1975). Agr]-cultural Research and Productivity.  New

Haven:  Yale University Press.

Falaris, E. M. (2003). A Quantile Regression Analysis of wages in Panama.   Delaware:

University of Delaware Department of Economics.

Fitzenberger, 8„ Reinhard, H., Macurdy, T. E., and Schnabe, R. (2001)  res//.#g/or

Uniform Wage Trends in West-Germany: A Cohort Analysis Using Quan!ile

jtegresszo77b`/or Ce#Lqorec7 Dcz/¢.  Empirical Economics, 26 (I ), 41 -86.

Frisvold, G.B„ and Lomax, E. ( 1991 ).   Dzj7rcrcHces I-7] 4grj.cw//ztrcz/ jiescorcA c7#c7

P7.oc7wc/jvj./}; ,4mong 26 CTowH/r7.cf (Agricultural Economic Report Number 644)

U.S. Department of Agriculture Economic Research Service

Fuss, M.  & MCFadden, D.  (Eds.) (1978). Proc77fc/zo# eco#omz-cs.. J4 Dwc]/ fftyp7iocid]fr  /a

ZTrfecor}j c7#c7 Aapp/I.ccifz.o#s. Amsterdam:  North Holland Publishing Company.

48



Gao, Z., and Featherstone, A. (2006). Estimating Economies of Scope Using Profit

Function: A Dual Approach of the Normalized Quadratic Profit Function.  Se/ecfcd

Paper prepared for presenlation at the Amencan Agricultural Economics

Association Annual Meeting, Long Beach, California, Iuly 2.3-26, 2006.

Goman,I. E. (1985). Conditions for Economies of Scope in the Presence of Fixed Costs.

Rand Journal Of Economics > \6 (3), 431-436.

Gri]iches, Z. ( 1964). Research Expenditures, Education, and the Aggregate Agricultural

production function.  £4mc'riccr# Eco77omzc Rev/.ew, 54 (5), 961 -74.

Hayami, Y., & Ruttan, V.W. ( 1970). Agricultural Productivity Differences Among

Counties.  j4merj.co» Eco7io7"z.c Jiev!.ew, 60 (5), 895-911.

Hicks, J. R.  ( 1932).  77}e 7l+eory o/ WJc7grj. New York: Macmillan.

Hoch,I.  (1958). Simultaneous Equation Bias in the Context of the Cobb-Douglas

Production Function  EcoHome/ricc], 26 (4), 566-578.

( 1962). Estimation of the Product]on Function Parameters Combining Time-Series

and Cross`Section Data.   Eco#omc/rzcc], 30 (I), 34-53.

Hotelling, H. (1932).   Edge worth's Taxation Paradox and the Nature of Demand and

Supply F`inctious. Journal Of pol]tical Ecorioniy> 40 (S), 577-616.

Huffron, W. E„ & Evenson, R. E. (1989). Supply and Demand Functions for Multiproduct

U.S. Cash Grains Farms: Biases Caused by Research and other Policies.  J4mcJ`7.ccz#

Journal of Agricultural Economics , 7 \ (3)> 7 61-772`

Humphrey, T. M. ( 1997). Algebraic Production Functions and their uses before Cobb-

Dongrds. Federal  Reserve Bank Of Richmond Economic Qiiar[erly, 83 (\), SL-83 .

49



Just, R. E., Zilbeman, D., & Hochman, E. (1983).  Estimation of Multicrop Production

F\mc,ho"s.  American Journal Of Agricultural Economic, 65 (4), 770-80.

Kako, T. (1978). Decomposition Analysis of Derived Demand for Factor Inputs: The Case

o£ Rise Prochchon in Japan.  American Journal Of Agricultural Economics, 60 (4)>

628-635.

Karlsson, A. (2006). Bootstrap Methods for Bias Correct]on and Confidence Interval

Estimation for Nonlinear Quantile Regression of Longitudinal Data (Research

Report, ISSN  1403-7572) Uppsala universitet.

Kawagoe, T., Y. Hayami, and V.W. Ruttan. (1985). An Intercountry Comparison of

AgricultNIal Plodichon ERE\ciency.  American Journal Of Agricullural Economics.

67(1),  87-92.

Koenker, R., and Bassett, G.  (1978). Regression quantiles. Econometrica, 46 (I), 33-50.

Koenker, R., and K.Hallock.   (2001 ). Quantile regression. Jozir#4/ o/Eco)7o7"Jc.

Pcrspec//.vcs,15(4),143-156.

Krdger, J. J. (2006).   Productivity Dynamics beyond-the-mean in U.S. manufacturing

industries:   An application of quantile regression.  Empz.rz.c¢/ Economics, 31  (1), 95-

1]1.

Lan, L. J.   (1976). A Characterization of the Normalized Restricted Profit Function.

Journal Of Economic Theory j 12 (\).131-63 .

Lau, L  T., and Yotopoulos, P. A. ( 1989). The Metaproduction Function Approach to

Technological Change in World Agnculture. Joi7r"a/ a/Dove/apmc77/ Eco#om/'c.r,

31  (2),  241-269.

50



Lin, W., Dean, G. W., and Moore, C. V. (1974). An empirical test of utility vs. profit

maximization in agricultural production.  ,4merj.ca# /owma/ a/4977.ca//#ra/

£co7Iomz.cs, 56(3), 497-508.

Lopez, R. E.   (1985). Structural Implications of a Class of Flexible Functional Forms for

Profit Functions.   J#/er#c}/I.o#cz/ Eco#omz.c Rev/ew, 26 (3), 593-601.

Lopez, R. E. (1980).   The Structure of production and the Derived Demand for Inputs in

Canadian Agriculture.    J4merz-ccrw Jo2jr73a/ a/Agrz'czf//w7`o/ £co77o"7'cLT,  62  ( I ),  38-45.

Martins, P.S , and Pereira, P. T.   (2004). Does Education Reduce Wage Inequality?

Quantile Regression evidence from  16 Countnes. Labour Economics  11  (3), 355-

371-

Marschak, J`, and Andrews, Jr„ W. H. (1944). Random simultaneous equations and the

theory of production.  EcoHomcfrz.ca,12 (34),143-205.

Mas-Colell, A., M.D. Whinston, and J.R. Green.  Microeconomic Theory. New York:

Oxford University Press,1995

MCElroy, M. 8.   (1987). Addjtjve General Error Models for Production, Cost, and Derived

De"z[rrd or Share Systons. The Journal Of Political Economy, 95 (4)` 737 -]57 .

MCFaddem.D. (\962.).  Factor Substitution in lhe Economic Analysts Of Production,

Ph.D.Dissertation, Univ. of Minnesota.

Mundlak, Y. (1963), Estimation of production and Behavioral Functions from a

Combination of cross-sect].on and time-series data.    In: C.F. Christ, Editor,

Measurement in  Economics:  Studies in Mathemalical Economics and Economelrics

/p.  /38-/66/, Stan ford, CA:   Stan ford University Press.

51



`  ( 1996). Production function estimation: Reviving the primal. Eco#omefrz.co, 64

(2), 431438.

Nerlove, M.   (1963). Returns to scale in electhcity supply. In: C.F. Christ, Editor,

Measurement in Economics PTess to.167-I 98) : Stall:ford. CAL..  Standord TJniveTsky

Press.

Nguyen, D. ( 1979).   On agricultural Productivity Differences Among Countries. j4merz.co#

Journal Of Agrjcultwral Economics , 6\ (3), S65-70.

Pans, Q., and Caputo, M`R.   (2004).  `A Primal-Dual Estimator of production and Cost

Functions within an Errors-in-Variables Context," Workmg Paper No. 04-008,

Department of Agricultural and Resource Economics, University of Califomia,

Davis.  Available electronically at: htto//www.a£!econ.ucdavis.edu -go to `ARE

Library', `Working Papers' and then select by number.

Pope, R. D., and Chavas, J. P. (1994). Cost Functious under Production Uncertainty.

American Jounal Of Agricullural Economics , 7 6 (2,),196-204 .

Ray, S. C. (1982).  A Translog Cost Function Analysis of u S. Agriculture,1939-77.

American Journal Of Agrjoul{ura[ Economics, 64 (3). 490-498.

Ray, S. C., and Bhadra, D. (I 993). Nonparametnc Tests of Cost Minimizing Behavior: A

Study o£ Indian Farm:s. American Journal Of Agricultural Econom ics` 7 S (4)` 990-

999.

Shephard, R. W. ( 1953).   Cos/ c7Hd procJz+c#.o» Fw#c„o77sr, Princeton, USA:  Princeton

University Press.

52



Schmidt, P. (1988). Estination of a Fixed-effect Cobb-Douglas System using Panel Data.

Journal Of Econome[rics . 37 (3), 36\-390.

Shumway, C. R., Saez, R.R., and Gottret, P. E. (1988). Multiproduct Supply and Input

DemarrdL in U .S. ALgrieuhale. American Journal Of Agricultural Economics> 10 (2),

330-37.

Sutherland, R. J.   (1982). The Sensjtlvity of Travel Cost Estimatesof Recreation Demand to

the Functional Form and Definition of origin Zones.  Wes/cr7i Jowr7!c7/ o/

Agrioullural  Economics 7(1), 81 -98.

Szulc, 8. ( 1964), "Indices for Multiregional Comparisons", P7=cg/cic7 S/atystyc=ny 3, 239-

254-

Tauer L., and Stefanides, Z. (1998). Success in Maximizing Profits and Reasons for Profit

Deviation on Dairy Farms.  4xp/7-et7 Efo#omj-cs, 30 (2),151 -156.

Truedhood. MA. (199\`). Agricultural Producljon Functions Eslimaled from Aggregate

J#/€rcow7!/ry Odservc!/I.o#s.. j4 Slc/cc/ed S2jrvey /Staff Report No. AGES9132).  U.S.

Department of Agiiculture Economics Research Service.

Uzawa, H.  (1964). Duality Principles  in the Theory of cost and Production    //7/c'J7}czrzo77c7/

Economic  Review, 5 (2), 216-220`

Vasavada, U„ and Chambers, R. G`  (1986). Investment in U.S. agriculture. Amer7.cczw

Journal Of Agricultural Economics, 68 (4), 9SO-cO.

Weaver, R.D.  (1983). Multiple Input, Multiple Output Production Choices and Technology

in the U.S. V\lheatRegion. American Jourma] Of Agricultural Economics, 65 (\)> 45-

56.

53



Yamada, S., and Ruttan, V.W. ( 1980).  International comparisons of productivity in

agriculture.  In J. Kendrick and 8. N. Vaccara, ed, Ivew Dove/apme#/I J.#

Productivity Measurenent and analysis (rieed to insert page no. or rios). ChiiciLgo,

U.S.A.: University of chicago Press.

Zellner, A., Kmenta, J. and Dreze, J. ( 1966). Specification and Estimation of Cobb-

Douglas Production Function Models. Eco"omc'/r7.ca, 34 (4), 784-795.

Ziemer, R.F., Musser, W.N. and Hill, R.C.  (1980). Recreation Demand Equations:

Functional Form and Consumer Surplus.  American L/ozfr#c7/ o/.497.I.c"//wr¢/

Ec.o7iomz.cs  62  (I),136-41.

54



APPENDICES

Appendixl .  Quantile regression estimates for the production function for North Dakota's
agriculture seetor,1960-2004

antile  parameter               Estimate         Stderr     Lowercl       U ercl       Tvalue          Probt
Intercept
LCAP_QI
LLAND~QI
LLAB_QI
LMAT_QI
LENG_QI
LCHEM_QI
Lyear
Intercept
LCAP_QI
LLAND_QI
LLAB_QI
LMAT_QI
LENG_QI
LCHEM_QI
Lyear
Intercept
LCAP_QI
LLAND_QI
LLAB_QI
LMAT_QI
LENG_QI
LCHEM_QI
Lyear
Intercept
LCAP_QI
LLAND_QI
LLAB_QI
LMAT_QI
LENG_QI
LCHEM_QI
Lyear
Intercept
LCAP_QI
LLAND_QI
LLAB_QI
LMAT_QI
LENG_QI
LCHEM

-608.006   3163.688

-0.331          4.1734

7.6021       33.3887

0.4357        2.9439
0.6694        4.8136
0.2306        6,3027

-0.0251         2.90] 7

66.154    372.4871
-208.152       428.114

-0.0832        0.5324
-0.2697         4.5162

0,0168         0.4384
0.5733          0.5112

0.4187         0.7298
-0.0618         0.3419

28.3552      49.1209
-256.863   356.3547

-0.0349        0.4567

0.1721          2.9514

0.0038        0,3008
0.5881          0.4159

0.3184         0.5433
-0.086         0.3012

34.0666     42.0694
-279.828   275.9322

0.3394         0.3963
-0.4794         2.4521

-0.1174            0.306

0.4151         0.3906

0.002        0.4375
-0.1154         0.2532

38.7423      32.5892
-321.109   319.0208

0.3558         0.3741
-0-J75J       2J14J
0.0971          0.3271

0.2971            0.448

0.0187         0.4896
-0.0917         0.2688

-7018.25      5802.235

-8.7872            8.1251

-60.0499        75.2541

-5.5292          6.4006
-9.0838         10.4227

-12.5398          13.0011

-5.9045           5.8543

-688.577      820.8845

-1075.59        659.289
-I.162            0.9955

-9.4203               8.881

-0.8715            0.9051

-0,4625            I.6091
-1.0601             I.8975

-0.7546              0.631

•71.1732       127.8836

-978.906           465.18

-0.9603           0.8904
-5.8079            6.1522

-0.6056           0.6133

-0.2545           I.4307
-0.7824            I.4193

-0.6963           0.5244
-51.1742       119.3073

-838.919     279.2643

-0.4636             1.1425

-5.4478           4.4891

-0.7374           0.5026

0.19         0.8486

0.08        0.9372
0.23         0.8211

0-15          0.8831

0.14         0.8901

0-04            0.971

0.01          0-9932

0.18                0-86

0.49        0.6297
0.16         0.8766

0.06        0.9527

0.04        0.9696
I.12         0.2693

0.57        0.5697
-0.18         0.8575

0.58         0.5673
-0.72        0.4756
-0.08        0.9395

0.06        0.9538

0.01         0.9899

1.41          0.1657

0.59         0.5613
-0:29          0.J77

0.81         0.4232
-1.01            0.3171

0.86         0.3973
-0.2         0.8461

-0.38        0.7034

-0.3762            i.2065               1.06        0.2947
-0.8845           0.8884

-0.6284           0,3976
-27.2896      104.7743

-967.507      325.2884

-0.4022             I.1138

-6.2762           4.7249
-0.5656           0.7598
-0.6107            1.2049

-0.9734            1.0108

-0.6364             0.453

0        0-9965

.46          0.6511

.19          0.2421

.01         0.3207

.95         0.3477

:2f )         O J7 C;I

0.3         0.7682

.66          0.5113

.04        0.9697

.34            0.735
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endix  1 . Continued
antile  parameter               Estimate         StdeIT     Lowercl       U ercl       Tvalue         Probt

Lyear
Intercept
LCAP_QI
LLAND_QI
LLAB_QI
LMAT_QI
LENG_QI
LCHEM_QI
Lyear
Intercept
LCAP_QI
LLAND_QI
LLAB_QI
LMAT_QI
LENG_QI
LCHEM_QI
Lyear
Intercept
LCAP_QI
LLAND_QI
LLAB_QI
LMAT_QI
LENG_QI
LCIIEM_QI
Lyear
Intercept
LCAP_QI
LLAND_QI
LLAB_QI
LMAT_QI
LENG_QI
LCHEM_QI

44.4559      37.2806
-311.407   258.4783

0.2002        0.3605
-0.0955         2.1844

0.2102         0.2893

0.1598        0.4246
0.0495        0.440 I
0.0144        0.2388

42.0204     30,4053
-252,596   252.9452

0.1891           0.3961
-1.7545          2.1388

0`2378         0.3637

0.3869        0.4906
0.0865              0.58

-0.0655         0.2327

36.9628         29.879
-27.8971   299.2698

0.2811           0.3615
-2.8094         2.6515

-0.0016           0.345

0.4788        0.6604
-0.4026        0.6879

0.I ]91          0.3026

9.9118       35.3108
-285.158   410.8763

0.4158         0.6149
-2.8731         4.0876

-0.1422         0.4167

-0.1436          I.1798

0.3328           I.1102
-0.168         0.3778

44.4127      48.]816

-31.0818       119.9936

-835.133      212.3203

-0.5304          0.9307

4`5216          4.3306
-0.3 76           0.7964

-0.7006            1.0201

-0.8422           0.9411
-0.4694          0.4982

-19.5867       103.6275

-765.Ill            259.92

-0.6135             0.9917

-6.088            2.5791

-0.4991           0.9747
-0.6071            I.3809

-I.0886            I.2617

•0.5369           0.4059
-23.5779         97.5035

-634.275      578.4811

-0.4512            I.0135

-8.1819               2.563

-0.7007          0.6974
-0.8593             I.8168

-1.7965            0.99]3

-0.494           0.7321
-61.6346         81.4582

-1117.67      547.3566

-0.8302             I.6617

-11.1553             5.4091

-0.9864           0.7021
-2`5342              2.247

-I.9167            2.5822

-0.9334           0.5974
-53.2125       142.0379

1.19        0.2407
-1.2         0.2359

0.56         0.5821
-0.04        0.9654

0.73         0.4721

0.38        0.7088
0.11            0-911]

0.06        0.9522
1.38          0.1753

-I         0.3245

0.48        0.6359
-0.82         0.4173

0.65         0.5172

0.79        0.4354
0.15         0.8822

-0.28        0.7799

I.24        0.2239
-0.09        0.9262

0.78        0.4416
-1.06         0.2962

0        0.9963
0.72           0.473

-0.59         0.5619

0.39        0.6962
0.28         0.7805

-0.69           0.492

0.68         0-5032
-0.7         0.4865

-0.34        0.7349

-0. ]2         0.9038

0.3            0.766
-0.44         0.6591

0.92         0.3626
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Appendix 2.    Quantile regression estimates for ct Restricted Cost Function for North
Dakota's agriculture sector,  1960-2004

Quantile  parameter        Es  mate        Stderr     Lowercl     U ercl      Tvalue         Probt
0.I        Intercept
0.1        LCAP_QI
o.1        LLAND_QI
0.I        LLAB  PI
0.I        LMAT  PI
0.I        LENG  PI
o.I        LCIIEin  pI
ol       LAo_QI_
0.I        Lyear
0.2        Intercept
0.2       LCAP_QI
0.2       LLAND_QI
0.2        LLAB   PI
0.2       LMAT  PI
0.2       LENG  PI
0.2       LCHEM  PI
o.2       LAo_QI_
0.2       Lyear
0.3        Intercept
0-3        LCAP_QI
o.3        LLAND_QI
0.3        LLAB   PI
o.3        LMAT_PI
o.3        LENG_PI
0.3       LCHEri  pl
o-3       LAo_QI_
0.3        Lyear
0.4       Intercept
0.4       LCAP_QI
o.4       LLAND_QI
0.4       LLAB  pl
o.4       LMAT_P]
0.4       LENG  PI
0.4       LCHEM  PI
0.4      LAO_Qr
0.4       Lyear
0.5        Intercept
0.5       LCAP_QI
o.5       LLAND_QI
0.5        LLAB   PI

-120.87     264.177

0`8358        0.6658
-2`3119          6336

0.3035        0.1757
-0.0052        0.5836

0.43]3        0.3807
0.0912        0.3969
0.0668        0.2281

20.5793      32.2154
-154      77.4139

0.6541         0.2671
-0.6231         2.4876

0.2664       0.0657
0.3715         0.2384

0.3369        0.1654
-0.0842        0.1732

0.0567        0.0895
22`162         9.6137

-107.94     84.2072

0.615        0.2S72
-0.9586        2.4491

0.2682        0`0702
0.5298        0.2058
0.2241               0.16

-0.0802        0.1416

0.0707          0.094
16.7648      10.4997
-106.58     94.0652

0.637         0.1861
-0.7068           2.012

0.2641         0.0621

0.5093         0.1613

0.2809        0.1278
-0.0876         0.1139

0.078         0.0911

16.0683      10.9066
-125.81       84.2912

0.6208        0.1705
-0.8133          I.5325

0.2691         0.0583

-656.65      414.902
-0.5146          2.1861

-]5.162        10.5381

-0.0527         0.6598

-I.1889           1.1784

-0`3407          1.2033

-0.7137          0.8961

-0.3959         0.5294

-44.757        85.9151

-311            3.0041

0.1124           I.1959
-5.6682          4.4221

0.1331           0.3996
LO.1119           0.8549

0.0014         0.6723
-0.4355         0.2672
-0.1248         0.2382

2.6647      4].6594
-278.72       62.8439

0.0934          1.1367
-5.9256         4.0084

0.1258         0.4106

0.1123          0.9472
-0.1004         0.5486

-0.3674         0.2069
-0.1201           0.2614

-4.5296       38.0592

-297.35       84.1924

0.2597          I.0144
-4.7873          3.3737

0.1381           0.3901

0`1821           0.8365

0.0217          0.5401
-0.3186          0.1434

-0.1068         0.2628
-6.05]4          38.]88

-296.76      45.1443

0.2751          0.9665
~3.9214          2.2948

0.1509          0.3872

-0.46             0.65

I.26        0.2175
-0.36        0.7173

1.73         0`0926
-0.01         0.9929

1.13         0.2647

0.23         0.8195

0.29        0.7714

0.64          0.527
-I.99        0.0543

2.45         0.0193
-0.25        0.8037

4.05        0.0003
I.56        0.1278

2.04        0.0491
-0.49        0.6299

0.63        0.5304

2.31            0.027
-1.28         0.2081

2.39        0.0221
-0.39        0.6978

3.82        0.0005

2.57         0.0143

1.4         0.1699
-0.57        0.5744

0.75        0.4573
I-6          0.1191

-I.13         0-2647

3.42        0.0016
-0.35        0`7274

4.25        0.0001

3, ]6        0.0032
2.2        0.0345

-0.77        0,4467

0.86        0.3976

1.47         0.1494
-I.49         0.1443

3.64        0.0008
-0.53         0.5989

4.62        <.0001
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endix 2. Continued

Quantile  parameter        Estimate        Stderr     Lowercl     U ercl      Tvalue         Probt
0.5       LMAT  PI
0.5       LENG  PI
0.5       LCHEM  PI
o.5       LAo_QI_
0.5        Lyear
0.6        Intercept
0.6       LCAP_QI
o.6       LLAND_QI
0.6        LLAB   PI
0.6       LMAT  PI
0.6        LENG  PI
0.6       LCHEin  pl
0.6       LAO_QI`
0.6        Lyear
0.7        Intercept
0.7        LCAP_QI
o.7       LLAND_QI
0.7        LLAB  PI
0.7       LMAT  PI
o.7       LENG_PI
0.7       LCHEin  pl
o.7       LAo_QI_
0.7       Lyear
0.8        Intercept
0`8        LCAP_Q1
0.8       LLAND_QI
0.8        LLAB  PI
o8       LMAT_PI
0.8        LENG  PI
0.8       LCHEM  PI
0.8       LAO_Qr
0.8        Lyear
0.9        Intercept
0.9        LCAP_QI
o.9       LLAND_QI
0.9        LLAB  PI
o.9       LMAT_PI
0.9        LENG  PI
0.9        LCHEM  PI
o.9       LAo_QI-
0.9L

0.5009        0.]391
0.2868        0.1067

-0.1037        0.1032

0.052       0.0778
18.8788         10.969
-144.84     80.4203

0.6649        0. I 725
-1.1034             1.628

0.3081         0.0577

0.4681         0.1702

0.3291          0.I  136
-0.1774         0.1106

-0,0211         0-0989

21.988]          10.952
-131.55         95.995

0.6973         0.1765
-1.]434         1.4633

0.3186           0.055

0.4627        0.1647
0.3501          0.1176
-0.187         0.1233

-0.0192        0.0853

20.2528      13.0804
-89.74          117.65

0.5742            0.185

0.0565         I.5791

0.3181            0.066

0.4379        0.1662

0.3776         0.1109
-0.073         0.1292

0.0158        0.0822

12.6884       15.8592
-23.389       168.176

0.5511          0.3294
-0.655         2.5021

0.3139        0.0957

0.6381         0.2764

0.2763         0.1685
-0.1242         0.2213

0.0637         0.1276

5.216      24.0925

0.2187          0.7831

0.0704        0.5032
-0.313          0.1057

-0.1059         0.2099
-3.3673       41.1249

-307.94       18.2643

0.315            1`0148
-4.4052          2.1983

0.191          0.4252

0`1229          0.8134

0.0987         0.5595
-0.4017         0.0469
-0.2217          0.1795

-0.2235       44.1997

-326.24      63.1329

0.3394           1.0551
-4.Ill           1.8242

0.2072         0.4301
0.1287          0.7967
0.1117           0.5885

-0.4372         0.0631

-0.1921            0.1537

-6.2755       46.7811

-328.35        148.866

0.199         0.9495
-3.146          3.2591

0.1841              0.452

0.1009            0.775

0.1526          0.6025
-0.3351           0.1892

-0.151            0.1826

-19.476       44.8523

-364.47       317.688

-0.1169            1.2192

-5.7296         4.4195

0`1198          0.5079

0.0775           1.1988
-0.0654            0.618

-0.573          0.3245

-0.1951           0.3225

-43.646       54.0778

3.6           0.001

2.69        0.0108
-1            0.322

0.67        0.5084

1.72        0.0938
-I.8         0.0801

3.85        0.0005
-0.68        0.5022

5.34       <.0001

2.75        0.0093
2.9        0.0064

-1.6          0.1175

-0.21        0.8324

2.0]        0.0522
-I.37            0.179

3.95        0.0003
-0.78        0.4397

5.8        <.0001

2.81           0.008

2.98        0.0052
-1.52         0.1382

-0.22        0.8233

I.55         0.]303
-0.76        0.4506

3.1         0.0037

0.04        0.9717

4-82        <.0001

2.63        0.0123

3.4         0.0016
-0.56        0.5759

0.19            0-849

0.8        0.4289
-0.14        0.8902

I.67            0.103
-0.26           0.795

3 `28        0.0023
2.31         0.0268

1.64         0.1098
-0.56           0.578

0.5        0.6208

0.22        0.8298
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Appendix 3.  Quantile regression estimates for the Restricted Profit Function for North
Dakota's agriculture sector,1960-2004

uantile  parameter          Estimate         Stderr      Lowercl       U ercl       Tvalue          Probt
0.1         Intercept
0.I        LCAP_QI
o.1        LLAND_QI
0.I        LLAB  PI
o.1       LMAf pI
0.I        LENG  PI
0.1         LCHEM  PI
0.I         LAO  PI
0.I         Lyear
0.2        Intercept
0.2        LCAP_QI
o.2        LLANI)_QI
0.2        LLAB  PI
0.2       LRAT  PI
o2       LENG_PI
0`2       LCHEri  pl
0.2        LAO  PI
0.2        Lyear
0.3        Intercept
0.3        LCAP_QI
0.3        LLAND_QI
0.3        LLAB  PI
0.3       LRAT  PI
0.3        LENG  PI
0.3        LCHEinpl
0.3        LAO  PI
0-3        Lyear
0.4        Intercept
0.4        LCAP_QI
o.4       LLAND_QI
0.4        LLAB  PI
0-4       LRAT  PI
0.4        LENG  PI
0.4        LCHEM  pl
0.4        LAO  PI
0.4        Lyear
0.5        Intercept
0.5        LCAP_QI
0.5        LLAND_QI
0.5        LLAB  PI

-622.44         700.59
-0.1358            1.7175

8.8456       ]4.7582
-0.343         0.4372

-0`5358         2.3455

0.1767           1.1069

0.1174           I.5089

0.1926           1.1607

65.8058       91.1704
-277.11        436.237

-0.0079             I.092
-0.2963          9.4591

-0.31          0.2339

-0. 6749          I.5724
-0.273          0.8323

0.1235          0.8503

0.9447         0.6553
37.0346      55,8997
-336`04       222.982

0.4193          0.5862
-1.9502                   5.4

-0.2682         0.1228
•1.0226          0.7652

-0.1622          0.4659

0.1559           0.3911

0.9831          0.4384

47.0919          29.516
-295.7      200.234

0.4168         0.5409
-1.6399          4.9892

-0.2469             0.115

11.0037          0.6835

-0.114]           0.4272

0.1663              0.315

0.9384         0.3369
41.215        25.9137

-258.98       213.395

0.3943          0.5162
-3.5571          4.9662

`0.3174         0.1264

-2043.3        798.427
-3.6192           3.3475

-21.085         38.7765

-1.2297           0.5438

-5.2928           4.2212

-2.0682           2.4217

-2.9427           3.1775

-2.1614           2.5466

-119.I          250.708

-1161.8          607.618

-2.2227          2.2068

-19.48          18.8877

`0.7843           0.1644
-3.8639            2.5141

-1.9611                  1.415

-I.6009           I.8479
-0.3843           2.273 7

-76.335         150.405

-788.27          116.185

-0.7696            I.6082

-12.902           9-0014

-0.5171          -0.0192

-2.5745           0.5292
-1.1071            0.7827

-0.6373           0.9492

0.094           I.8722
-12.769          106.953

-70L79        ]]0.392

-0.6801             I.5138

-11.758            8.4786

-0.4802         -0.0136

2.3899           0.3825
-0.9804           0.7523
-0.4726           0.8051

0.2551             1.6218
-11.34         93.7704

-691.76         173.808

-0.6526            I.4412

-13.629           6.5147

-0.5738            -0.061

-0.89         0.3802
-0.08         0.9374

0-6         0.5527

0.78         0.4379
0.23         0,8206
0.16            0.874

0.08         0.9384
0.17          0.8691

0.72          0.4751

0.64         0.5293
0.01          0.9942

0.03          0-9752

1.33           0.1934

0.43         0.6703
0.33         0.7448
0.15          0,8853

1.44             0.158

0.66          0.5119
-I.5]           0.1405

0.72          0.4791
-0.36          0.7201

-2.18          0.0355

-I.34          0.1898

-0.35         0.7298

0.4         0.6925
2.24          0.0312

I.6            0.1193

•48          0.1484

.77         0.4459

.33          0`7443

.15           0.0386

.47          0.1506

.27              0.791

.53          0.6008

.79         0.0085

.59          0.1205
-I.21           0.2328

0.76         0.4499
-0.72         0.4784
-2.51           0.0167
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endix 3 . Continued
uantile   parameter           Estimate         Stderr      Lowercl       U ercl       Tvalue          Probt

LMAT  PI             `0.8045         0.6331         -2.0885          0.4796
LENG-PI              -0.2121         0.3932        -I.0095          0.5852
LCHEin  pl           0.i712        0.2892        _0.4i54          0.7578
LAO  PI                   0.8438         0.3475           0.1391           1.5486
Lyear                       39.9677      26.2528         -13.275        93.2108

Intercept                   -110.57          213.48          -543.53           322.39

LCAP_QI                0.2885            0.491         -0.7073           1.2843
LLAND_QI          -4.5594         4.5668         -13.821           4.7024
LLAB   PI               -0.2535           0.172         -0.6024          0.0955
LMAT-PI                 -1.015         0.6865         -2.4072           0.3773
LENG-PI               -0.1014         0.3729         -0.8576          0.6548
LCHEinpl                 0.24         0.2857         _0.3395          0.8i95
LAO  PI                    0.9416         0.3337           0.2648           1.6184
Lyear                       22.4816       26.7353            -31.74        76.7032

Intercept                  -271.08      229.096            -735.7        193.552
LCAP_QI               0.7284
LLAND_QI         -5. 8 607
LLAB   PI              -0.4363
LMAT   PI              -0.1911
LENG  PI             -0.4675
LCHEM  PI         -0.0305
LAO  pl                   0.6372

0.4499         -0.1841            I.6409
4.3361          -14.655           2.9332

0.1787         -0.7987            -0.074
0.7209         -I.6531            I.2709

0.3782         -1`2345           0.2995

0.282         -0.6024          0.5414
0.3448         -0.0621            I.3366

Lyear                        45.2128         28.516            -12.62         ]03.046
Intercept                    -308.8      286.752         -890.36        272.756
LCAP_QI                0.8334         0.5746         -0-3319           1.9987
LLAND_QI          -6.3074         5.2722                  -17          4.3851
LLAB   PI               `0.4599            0.209         -0.8838         -0.0361
LMAT   PI               -0.1517          0.9765          -2.1321            I.8288

LENG-PI              -0.5269         0.5429         -I.6279          0.5741
LCHEM   PI           -0.0] 83         0.3863         -0.8017           0.7651

LAO   pl                       0.576         0.4169         -0.2695            I.4215

Lyear                           50.815       34.3294         -18.808         120.438

Intercept                 -49.732      3272.86         -6687.4        6587.94
LCAP_QI                   0.995         9.2932         -17.852        19.8424
LLAND_QI           -12.038       87.7714         -190.05         165.971

LLAB   PI               -0.3288         2.2458         -4.8835          4.2259
LMAT-PI                 0.0911        15.8896          -32`135         32`3167

LENG-PI               -0`8669         8.7747         -18.663         16.9289
LCHEri   pl            0.0635         6.754i         .i3.63413.76i4
LAO   P1                      0.3626          5.8817          -11.566         12.2914

ear                        27.0237       426.329         -837.61         891.659

27            0.212
54         0.5928
59         0.5576
43         0.0203
52          0.1366

52        0.6077
59        0.5605
-I          0.3248

-I.47         0.1494

-1.48             0.148

+0.27          0.7873

0.84         0-4065
2.82         0.0077

0.84           0.406
-I.18          0.2445

I.62          0.I 142
-I.35          0.1849

-2.44         0.0196

-0.27         0.7924
-1.24         0.2244
-0.11           0.9145

I.85          0.0729

I.59           0.1216
-I.08         0.2887

I,45          0-1556
-1.2          0.2394

-2-2          0.0343

-0.16          0.8775

-0.97          0.3383

-0.05         0.9625

I.38           0.1756

I.48          0.1475
-0.02             0.988

0.11            0.9153

-0.14          0.8917

•0.15          0.8844

0.01          0.9955
-0.I           0.9218

0.01          0.9926
0.06          0.9512

0.06         0.9498
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Appendix 4a. Output dataset for North Dakota's agnculture sector,1960-2004

YEAR      AO  PI       AO QILS  PI       LS QICR  PI         CR QI        OFR PI       OFRQI
1960          0.3608         211]138        0.3315       617212
1961          0`3800        1631446       0.3309       679801
1962         0.4182        2531060       0.3434      691924
1963          0.3810        2352220       0.3307       750120
1964         0.3732        2390996       0.3029      768569
1965         0.3798        2601387       0.3308       732634
1966         0.4]68        2456978       0.3820       735136
1967         0.4088        2432202       0.3781       694439
1968         0.3849        2680657       0.3899       667547
1969         0.4201         2674613        0.4369       646817
1970         0,4587        2319645        0.4581       679458
1971          0.4059         3206502        0.4689       717770
1972         0.5078        2822442       0.5584       729583
1973          0.8351         2915753        0`7380       751599
1974          I.0004        2603690       0.5953       772889
1975          0.8795        3036383        0.5613       749695
1976         0.7366        3122074       0.6190       745250
1977         0.6709        3038398       0.6331       700962
1978         0.7423        3592179       0.8462       603102
1979          0.8066         3455155         I.1220       655811

1980         0.9172        2837269        I.0358       686056
1981          0.8572        4165631        0.9640       703844
1982         0.8026        4060383       0.9376      673468
1983          0.8738         3551220        0.9389       725081
1984         0.8796        3916759       0.9363       726044
1985         0.8378        4240642       0.9358      724626
1986         0.7899        4278699        0.9151       696148
1987          0.8242         4011072         1`0716       677817

1988          I.0178        2204960        I.1449       535034
1989          0.9339         3129617         1.1708       537660

1990         0.8752        4039209        1.2428       555000
1991           0,8583         3991997        1.2069       560541

1992          0`8426        4786900        1.1605       566975
1993          0.9429        3910797         1.1976       599972
1994          0.9215         4279405         I.1141        569958

1995         0.9387        3967363        0.9740      597468
1996         0.9432        4608169       0.9433       564137
1997          0.8907        3992816        1.0799       509193
1998         0.8180        4649566        I.0884      606884
1999          0.7934        4367343         1.1262       573516
2000         0.7960        4972253        I.2179       6]2124
2001          0.7914        4707504        I.2852       609944
2002         0.8278        4410288        I.2225       590566
2003         0.8804        5246704        ]`3289       574671
2004         0.9467        4793069        1.5396       589324

0.3910           1312806

0.4251             827156

0.4838           1609333
0.4296          1412320
0.4311            1445563

0,4278          1662335
0.4624          1530984
0.4509          1544009
0.4086          180] 572
0.4430          1828486
0.4918           1478753

0.4089         2290973
0.5244           1901530
0,9403           1963014
1.2473           1686027

I.0764         2044443
0.8428          2119026
0.7384         2080968
0.7781          2688984
0.7947         2506305
0.9763           1882149
0.9086           3119675

0.8414         3044886
0.9388          2501290
0.9461           2827718
0.8894          3128187

0.8318          3190952
0.8424          2948837
1.1060            1333272

0,9656           2]75411

0.8658          3030274
0.8513           2976086

0.8387          3752728
0.9642          2796006
0.9499          3212001
0.9992          283 7551
1.0095           3502218

0.9109          2975483
0.8199           3431903

0.7809           3208119
0.7703          3758042
0.7484         3550809
0.8091           3300023
0.8609          4180368
0.9159          3648162

0.1719            255225
0.1728             250715

0.]751              241561

0.1764            235337
0.1784            204168
0. I 806            190406
0.1849             190996

0.1894               187211

0.1976             178866
0.2037              152316

0.2170              117702

0.2260            125632
0.2295             124804
0.2511              136522

0.3076            136085
0.3291              149238

0.3440            152396
0.3896            149727
0.4118              155405

0.4678            126489
0.5620            96594
0.6557              88159

0.6649            98740
0+6692              110635

0.7034             127976
0.6961              ]33399

0.6382             138391

0.6525             146390
0.6926           226748
0.7123             270567
0.7405            299435
0.7255             297821

0.7256            314362
0.7417            368092
0.7537            341306
0.7646            401657
0.7764           359046
0.8315             356572

0.7615             432140

a.7527            417209
0.7400           429339
0.7817             363597

0.7691             336374
0.7645            335697
0.7495             385598
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Appendix 5.   SAS codes for the estimation of the production, cost, and profit function
using quantile regression

PROC IMPORT OUT = WORK.THESIS
DATAFII,F. = ''H. u3verythingINorth Dakota,xls"
DBMS = EXCEL RI3PLACF,;

SHEET = .'Sheet I S" ,
GETNAMES = YES;
MIXED = NO;
SCANTEXT = YES;
USEDATE = YES;
SCAN"E = YES;

Run;
TITLE I  'Exammc North Dakofas Producti(tn, Cost, and Profit Functions.   A Quantilc Reg[csslon Approach ';
DM 'cli`ar log; clear oiitpiit;  `; Run;
TITLE2 'Rcad the SAS data sct';
`***********************************************************************€***************/

Data THESIS; set TFP.PCPIF;
Run; quit;
TITLE2 'Conlents ol`TIIESIS data file';
/******************************************************************&*******a¢**********/

PROC CONTENTS data= Thesis; I.un;
PROC CONTENTS short data= thesis; run;
TITLE2 Names of varlab]es'
/***********************************************************************************S***//

/*   odshrml,
ods graphics {jn,
ods graphics off ;
ods litml close;
NAMES ()1` VARIABl.[`js
roll  = ROLLING REGRESSION P1;RIOD
state = N()RTH I)AKO'l`A STATE
yc`ar  = YEAR  1 `)60 TO 2004
:I( =STATE
A0  PI = P  AGGREGATE OUTPUT (PRICE RELAI IVE 1`0 LEVEL IN Al,ABAMA IN  1996)
AGGRFGATh OUTPUT' O[TT  tTS|\IrKI  F,,rw/C
AO_Qi = Q_AGGREGATE OirTpuT (vALu[_S 1 000_IN 1 tj96 pRlc`Es ciF ALABAivIA)
LS   PI = P  LIVESTOCK (PRICE RELATIVE TO LEVEL IN ALABAMA IN  1996) LIVESTOCK &
pRt)DUG,i=S
Ls_QI = Q_LlvESTt>cK (vALur:  sitttio  IN  I 996 iJRlcLs Or ALABAMA)
C R_PI = P_C`ROPS  (PRICE RELAFIVI=  TE) LEVEl_ IN ALABAbIA IN  I t)9(i)
CR_Q[ = Q_CROPS (VALUE_$ 1()00_IN  1996 PRICES OF ALABAivIA)
OFR  pl = p  rARM RELATED OuTpuT (pRlcE REI,ATivE TO LEVEL IN ALABAMA IN  i906)
OrR=QI = Q-_FARM RELATED OuTpuT (VALUE_S iooo_IN  I 996 pRlcF,s OF ALABAMA)
AI  PI   =P  AGGREGATE INPUT (PRICE RELATIVE TO LEVEL IN ALABAMA IN  1996)
AI=QI = Q-_AGGRLGATE INPUT (\'Al [TE_S I 000_IN  199(t PRICES OF ALABAMA)
CAP  P] = P  CAP,TAL EXC`LUD[NG LAN[, tpR[CE RET,AT]VE To LE\,rEL ]N ALABAMA [N  [9%,
cAp=QI  = a_cAplTAL ExcLLTDING LAND tvALiTE_S I ooo_IN  1 996 pRlcEs OF ALABAMA,
LANI)  PI = P  LAND INPUT (PRICE RELATIVE TO LEVEL IN ALABAMA IN  19%)
LANTD=QI = Q-_L\NI> INpuT (vALtTE  S iooo  iN  i996 pRlcEs (>r ALABAMA)
LAB   PI  = P   LABOR INPUT {PRIC`L Ri`LATIVE TO LIV£L IN ALABAMA IN  1996)
LAB=QI = ¢iuABOR I`'pur rvALUE_S 1 Otio_IN  I tj96 pRlcLs OF ALABAMA)
MAT  PI = P  AGGluiGATE MATERIALS (PRICE RELATIVE TO L13VIL IN AI,ABAMA IN  FJ96)
MAT=QI = p-_ENERCTy rNpuT (pRlcE RELATlvrj TO LEVEI. IN ALABA_\4A IN  I 99t,)
ENG  PI = P  ENER(TY INpl,TT (PRICE RELATIVE T() I]EVEI. IN ALABAMjJ\ IN  1 `J96)
ENG=QI = Q-_ENIRGy INPLTT (VALUE_S iooo_IN  1996 pRICEs Or ALABAMA)
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Appendix 5.   (Continued)
CHEM  Pl = P  AGRICUI.TURAL CHEMICALS (PRICE RELATIVE TO LEVEl, lN Al,ABAMA IN
1996)
CHEM_QI = Q_AGRlcuL.i`uRAI. cHEMic`ALs (vALurLS iotto_IN  I 996 pRlcEs oF AI,ABAMA),,J
TITLE2 NEW DATASET ccmputing the cost and profit';
DATA thesisl ;
SET thesis;

/*COMPUTING INI)lvIDUAl, C()ST AND TO1`AI, C()ST*,/
C_CAP = CAP_PI*CAP_QI;
C'_LAND = LANI)_PI*LAND_QI;
C_LAB = LAB_PI*LAB_Ql;
C_MAT = MAT_PI*MAT_QI,
C_ENG = ENG_PI*ENG_QI;
C_CHEM = CHEM_PI* CHEM_Ql;
cos T = (c_cAp+c_LAND+c_LABre_MAT+c_ENGre_CHEM) ;
Rc OsT = (c_MATre_ENG+c_CHEM);
RCOST 1  = (C_LAB+C_MAT+C_ENG+C_CHEM) ;
/*COMI'lJI ING  INl)lvll)UAI. Revci`ue ANl) '1`OTAI , Revenue*,'
R_CR = CR_Pl*CR_QI;
R_LS = LS_PPLS_QI;
R_OFR =OFR~PI *OFR_QI;
Revenue = (R_CR+R_LS+R_OFR);
Profit = Revenue - Cost;
Rprol-it = Re`'enue - RCost;
Rprofitl  = Revenue -RCostl ;
Ru";
TITLE3  'Genc`rate Logs orth.` vzirlablcs';
DATA thesis2; SET thesisl ;
/+COMPUTINCT Legs of price data*,/
Lyear  = 1ogtyear);
LALPI = LOG(AI_PI);
LCAP_PI  = LOG(CAP_PI);
LLAND_PI = LOG(LAND_PI);
LLAB_Pl = LOG(LAB_PI);
LMAT_PI = log(MAT_PI);
LENG_PI = log(ENG_PI);
LCHEM_PI = log(CHEM_PI);
LAO_PI = LOG(AO_PI);
LCR_PI = log(CR_QI);
LLS_PI= log(LS_QI);
LOFR_PI  = log(OFR_QT);
'*COMPUTING L{)gs ol. Quantlty diita*/

LAI_QI = LOG(AI_QI);
LCAP_QI = LOG(CAP_QI);
LI+AND_QI = LOG(LAND_QI);
LLAB_QI = I,OG(LAB_Ql),
LMAT_Ql = logquAT_QI);
LENG_QI = log(ENG_QI);
LcmM_QI = log(CHEM_QI);
LAO_QI = LOG(AO_QI);
LCR_QI = log(CR_QI);
LLS_QI = log(LS_QI);
/*C()MI'`J'l`JNG  I,t>gs of cost  and  PI `)ril data*r`

Lcos{  = log(cost);
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Appendix 5.  (Continued)
LRcost  = log¢cos{);
LRcostl   = log(Rcostl );
Lrevenue  = log(revenue);
Lproflt = Lrevenue - Lcost;
LRprofit  = Lrevenue - LRcost;
LRprofitl  = Lrevenue -LRcostl ;
run;
DATA thesis3 negtiveprofit ; SET thesis2;
jl`  Profit < 0 then output negtiveprorit;

else output thesis3,
run;
DATA thesis4 negtiveprofit ,  SE1' thesis2;
jf  Rprorit < tt then output negtiveprofit;

else output thesis4  ;
run;
'l`itle2 'Mcasures of correlation between the vanables',

/************************************¥**************************************************/

proc corr data =  thesisj ;
van AO_QI cap_QI land_QI lab_QI mat_QI eng_QI chem_QI year;
run;

proc coi`r data =   thesisl  ;
var cost cap_PI land_PI lab_PI maLPI eng_PI chem_PI AO_QI year;
I.un;

proc corr data =  thesisl  ;
van Rprorit cap_QI land_QI lab_PI mat_PI eng_PI them_PI AO_PJ year;

I`un;

proc cot.r drta =  thesisL  ,
van Rprofil I  cap_QI land_QI lab_PI nrat_PI eng_PI chem_PI AO_PI year;
run'
•J*************************************************J&****************************+********/

ods '1tml  ;
`)ds graphics on;
*COBB  DOUGI,AS;

OJ)S t)uriut ParameterEstimates = QuantcD_Prod ,
|iroc quantreg data = thesis2 ci = resampling;

model LAO_QI = Leap_QI Lland_QI Llab_QI Lmat_QI Leng_QI Lchem_QI Lycar
/ quantile = .10 0.2  0.3  0.4  0.5 ().6 lt.7  0.8  ().9   plot = quantplot,

id year ;
Run; quit;
()I)S output ParameterEstrmates = QuantcD_Cost;
proc quantreg data = thesis2 cj = resamp]ing;

modc`l Lcost = Leap_PI Lland_PI Llab_PI LmaLPI Leng_PI Lchem_P[ LAO _QJ Lycar
/ quaiitile = .10 ().2  0,3  (I.4 0.5 (I.6 (J.7  0.8 0.9   plot = qunntplot;

id year;
Run; quit;
ODS o`itput PalameterEstimatcs  =  QuantcD_Rprofitl ;
proc quantreg data = thesjs4 cj = resampling;

modc] IjRprofitl  = Leap_QI Lland_QI I,lab_PI Lmat_PI Leng_PI Lchem_PI LAO_PI Lyear
/ qual]ti]e = .10 tl.2  0.3  (I.4 {1.5 (I.6  0.7  (I.8 (I.9   plot = qunntplot;

id year;
Run; quit;
ods graphics  of`1`;

ods  hfroz  c]t7sc`;
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Appendix 6.  SAS codes for the estimation of the production, cost, and profit function using
least s

TITLE2 'Estrmation of the Production, Cost, and Profit Function using ordinary least squares.'
/*******************************************4*******************************************/

/*   odshml;
ods graphics on;
ods graphics tif}` ;
ods html clog.`:

*cOBB  roLTGLAs;

ODS output ParameterEstimates  =  OLSCD_Prod;
pi.oc res dala = thesis2;
model LAO_QI = Lcap_QI Lland_QI Llab_QI LmaLQI I-eng_QI Lchem_QI Lyear ;
jd year ;

run; quit;

ODS output Pa[arneterEstimates  =  OLSCD_Cost:
pi.oc reg data = thesis2 ;
model Lcost

id year
run;quit;

Leap_PI Lland_PI L]ab_PI LmaLPI Leng_PI Lehem_PI LAO_QI Lyear

ODS outpiit ParameterEstimates = OLSCD_Rprofitl ;

proc reg data = thesis4;
model LRprofitl  = Lcap_QI L]and_QI Llab_PI Llnat_PI Leng_PI Lchem_PI LAO_PI Lyear ;

1d year  ;
run; quit ;
ods graphics off.;
ods h(ml
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