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Abstract

This paper evaluates the importance of short-run and long-run risk or
variability in direct government payments (commodity programs and con-
servation) and crop insurance on efficiency and productivity. First, the pri-
mal production function is estimated using double-heterogeneity stochastic
frontier analysis with decomposed pure random error (v) and one-side error
(u) that is linked to productivity and technical efficiency, respectively. Sec-
ond, two sets of alternative panel estimator of double-heterogeneity stochas-
tic frontier model is presented using pure random error (v) and one-side
error (u) independently to transform variables. An empirical application to
48 U.S. states for the period 1960 to 2004 suggests differences in parameter
coefficients of the production function and double-heterogeneity function.
In addition, the difference in the panel parameter coefficient is due to the
use of pure random error (v) and one-side error (u) to transform variables.
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1 Introduction

During the recent sequestration discussions, including discussions of current fed-
eral farm programs, policy makers, commodity groups and producers voiced opin-
ions about the differential implications on agriculture sector. In particular, the
sequestration discussion revolved around the crop insurance program (CIP) or
Title XI and direct government payments (DGP) that include the commodity
program or Title I and conservation or Title II. Even though Supplemental Nutri-
tion Assistance Program forms and plays a major role in the federal farm programs
and economic growth, it is not part of the analysis as it is related to consump-
tion rather than production of agriculture. The effects of federal farm programs
including DGP and CIP on the structure of the U.S. agriculture has long been
an economic as well as political concern. Literature has examined the causes and
effects of DGP and CIP on specific policy aspects of the U.S. farm structure.
For example, earlier research looked at the impact of DGP and CIP on farm real
estate, changes in the input demand functions or output supply functions apart
from asymmetric issues. These issues were evaluated using regional and farm data
for individual crops or farm production systems. Others looked at the impact of
CIP and DGP on efficiency measures by endogenizing these programs into the
production function. Further, most of the earlier research looked at the sources
and causes without much emphasis on the risk or variability in CIP and DGP.
This research bridges this gap by evaluating the importance of short-run and

long-run risk or variability in DGP and CIP on efficiency and productivity mea-



sures of the U.S. agriculture sectorf] This is accomplished by linking the pure
random error (v) and one-side error (u) of stochastic frontier analysis (SFA) model

to productivity and efficiency, respectively, based on primal production theory.

1.1 Need for Evaluating Risk or Variability in DGP and
CIP

The importance and reliance of DGP and CIP as risk management tools in agri-
culture production is on the rise due to increased production, marketing, financial
and policy risks faced by the producers’ in the global economy. Further, variabil-
ity in DGP and CIP due to changes initiated by the farm bill every five years also
contributes to producers’ decisions to invest in new technologies as well as their
risk perceptions. For example, due to the introduction of new farm programs in
2008, there has been changes in the acreage of different commodities in certain
U.S. production regions. In addition, changes in DGP and CIP affects producers’
decisions to determine a priori how much to invest, allocate and utilize input re-
sources efficiently leading to productivity growth or decline. Further, due to the
increased importance of DGP and CIP to the U.S. agriculture sector, the ability
to quantify changes in DGP and CIP risk or variability in the short- and long-run

could help not only producers, but also, policy makers.

< Insert Figures 1 and 2 >

"'What is efficiency? The efficiency concept introduced by Farrell (1957) is the ratio of the
observed output to realized output, i.e., output that could be produced if it were 100 percent
efficient from a given set of inputs. Following Griliches (1996), productivity defined as a residual
concept, is the ratio of aggregate output quantity index over aggregate input quantity index.
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Figure 1 shows state level trends in DGP short- and long-run risk or variability
from 1960 to 2004. The rolling window standard deviation of real DGP and CIP
for the last 5 years represents the short-run risk or variability. Similarly, Figure 2
shows state level trends in CIP short- and long-run risk or variability. In contrast,
the cumulative standard deviation of real DGP and CIP starting with 5 years
and cumulating over 45 years represents the long-run risk or variability. Figures
1 and 2 show the short- and long-run variability in DGP and CIP is positive and
varies widely across individual states over the analyzed period. Evaluating the
importance of short- and long-run variability in DGP and CIP across 48 U.S. states
over 45 years could help in understanding how these changes influence domestic
agricultural production efficiency and productivity.

This research has two-fold contribution. First, the error of stochastic frontier
analysis (SFA) model decomposed into pure random error (v) and one-side error
(u) is linked to productivity and efficiency, respectively, based on primal produc-
tion theory. Specifically, the importance of short- and long-run variability in CIP
and DGP on efficiency and productivity is examined. Second, panel statistical
procedures, including, Wallace-Hussain (WH), Amemiya (AM) and Swamy-Arora
(SA) approaches forms basis for the alternative two-way random effects panel
SFA estimators proposed in this research. In section two, details of the double-
heterogeneity SFA model along with alternative two-way random effects panel
SFA estimators are presented. Section three provides details of the output quan-
tity index, the input quantity index and construction of the implicit DGP and

CIP quantity index used in the analysis. An application to 48 U.S. states from



1960 to 2004 along with the results of alternative two-way random effects panel

SFA estimators are presented in the fourth section.

2 Double Heterogeneity SFA Production Func-
tion Model for Inefficiency and Productivity

Primal production theory assumes that the relationship between nonallocable ex-
ogenous input vector (x) used in the production of an endogenous aggregate out-

put (y) is represented as

y = f(x;0) (1)

The primal production function can be estimated using SFAP|that decomposes
the traditional error (€) into a symmetrical random error (v) and a one-sided error
or inefficiency (u). The stochastic frontier model for primal production function

is represented as

y=f(xB8)+tv—u (2)

where y represents endogenous dependent variable and x is a vector of exogenous
independent inputs including time used in the production function; 3 is a vector

of coefficients associated with inputs; and traditional random error (¢) is decom-

2SFA was introduced in 1977 by Aigner Lovell and Schmidt (normal-half normal and an
exponential distribution), Meeusen and van den Brubeck (exponential distribution), and Bates
and Corra simultaneously that decomposes the error term (e) into a symmetrical random error
(v) and a one-sided error or inefficiency (u)



posed into pure random error (v) and negatively skewed one-sided inefficiency
(u) represented by alternative distributions including half normal, exponential, or
truncated normal.

Since its introduction in 1977, SFA has been evolving theoretically with a surge
in empirical application. The last decade saw the introduction of fixed-effects and
random parameters SFA panel models and time invariant and time variant models.
These advancements corrected for heteroskedasticity /heterogeneity and alterna-
tive distributions (half normal, exponential, or truncated normal distribution) of
technical efficiency term (u). Additionally, research has investigated the influ-
ence of a broader set of determinants of technical efficiency, namely geographic
variables, market structure conduct and performance hypothesis, policy variables
and size of the firm on inefficiency. Equation (2) can be extended by introducing

double heterogeneity in the random error (v) and the one-sided inefficiency (u) as

y =fxB)+v—u
02 = exp (§'z) (3)

02 = exp (§'z)

where o2 is the variance in the inefficiency term, o2 is the variance in the random
error. The variances in the inefficiency and random error terms is modeled as
a function of risk or variation in z variables including short-run and long-run
DGP and CIP risk or variability. The inefficiency and random error variances
in equation (3) can be paraphrased as variance in inefficiency and variance in

productivity or TFP measures.



2.1 Linking Random Error, v to Productivity

The production function assuming inefficiency is defined as

y=f(xpB)+v—u
= f(X:6) +v

where f (X; /) is equal to f (x; /) — u.

Following Griliches (1996), productivity defined as a residual concept, is the
ratio of aggregate output over inputs. This concept of productivity is incor-
porated into the stochastic frontier production function with decomposed error
terms, y = f(x;83) + v — u, where v constitutes a conventional random error
or productivity and u constitutes one-side disturbance (with three alternative
distributions - half normal, exponential, or truncated normal distributed) which

represents inefficiency. Equation (4) is rewritten to define productivity as

L
TP =v="575 )

The stochastic frontier production function with double heterogeneity defined
in equation (3) and productivity liked to random error (v) defined equation (5) is

used to examine the importance of short- and long-run risk or variability in DGP



and CIP on inefficiency and productivity. The model is represented as

Y = f(x;B)+v—u Output
0-i2neﬁ"iciency = eXp (5/Z> [neffiCiency (6)
O-groductivity = €xp (5/Z> PTOdUCtiUity

where z include the short- and long-run risk or variability in DGP and CIP. These
z variables helps to understand the importance of DGP and CIP variability on
inefficiency and productivity.

Next, alternative panel estimators of double heterogeneity stochastic frontier
production function are presented. These estimators are built on Wallace-Hussain
(WH), Amemiya (AM) and Swamy-Arora (SA) approaches and use random resid-
uals (v) estimated from pooled SFA, within SFA, between cross-section SFA and
between time-series SFA models. A second set of alternative panel estimators of
double heterogeneity stochastic frontier production function are also presented.
These estimators use one-sided efficiency (u) estimated from pooled SFA, within

SFA, between cross-section SFA and between time-series SFA models.



2.2 Wallace-Husain and Amemiya Two-way Panel Estima-

tors of Stochastic Frontier Production Function

With panel data, the stochastic frontier production function with heterogeneity

in the random error (v;;) and the one-sided inefficiency (u;) is represented as

Vit = [ (Xit; B) — Ui + v
Uz,it = exp (0'zt) (7)

op i = exp (0'z)

where i =1,...,] and t = 1, ..., T represents cross-sectional and time-series dimen-
sions.
To estimate the WH and AM two-way random effects’| stochastic frontier pro-

duction function with heterogeneity, equation (7) needs to be transformed as

vy = f (x5 B) — wi + vyt

i = exp (0'2;) (8)
07 = exp (0'z}))

where yi, = Q7V2yy or yl = yu — Oy, — Oay. + O3y with y;, vy, and y |

3The additive errors of the two-way error components structure is represented in vector form
for normal random error, vy = W, pt; + Wi Ay + Weey and one-sided error, uye = W, pi + Wi A+
Wy= (Ir®ur); 0 =, .., 1)
Weeiy where Wy = (It ®¢1); N = (A1,..., A7) and represent the random error components
WE = (I] X IT) ] 6/ = (5117 ...,6]T)

I O’i[ N 0 0
with zero mean and covariance matrix E | A | (W' Ne') = 0 oilr 0
3 0 0 O’?INT



in the above equation represents the cross-section, time-series, and the overall
mean of the variable and computed as y;, = Zle vie/T , y.o = ZnNzl yi/I and

y .= Zﬁle S I yit/IT , respectively. The omega is defined as
VP =02=0) (I;®ur)+ 05 (Ir @) + 02 (I ® Ir) (9)

where I; and Ir (¢; and ¢r) represent an identity matrix (vector of ones) of (7'
and I dimensions (7" and I dimensions), respectively.

The theta’s are defined as

Ua 0-5 0-5
01:1—<1/2>,92:1—<1/2>,and03:01+02+<1/2> —1 (].0)
P2 Y3

The ¢'s - Py = TO'Z + 02, ¢3 = No} + 02 and ¢, == TUZ + No3 + o2 are

2

obtained from between cross-section (O’M

), between time-period (0%) and within
cross-section time-period (¢?) variances of random errors and one-sided errors
(efficiency). The ¢'s used in the computation of the thetas (6, 65 and 63) can be

estimated using

1) Pooled stochastic frontier production function model residuals or one-sided

efficiency as in the WH approach (1969);

2) Within stochastic frontier production function model residuals or one-sided

efficiency as in the AM approach (1971) or

3) Between cross-section, between time-series and within cross-section time-

series stochastic frontier production function model residuals or one-sided
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efficiency as in the SA approach (1972).

Pitt and Lee (1981) proposed the use of the random and one-sided errors of
the SFA to transform variables to estimate alternative one-way random effects
panel models. However, the statistical theory associated with two-way random
effects model is empirically very hard to estimate. Here, two sets of alternative

two-way random effects panel SFA estimators are proposed. The first set uses

2

#), between time-period (o3) and within cross-section

between cross-section (0
time-period (02) variances estimated from the random error (v) of the pooled
SFA model. The second set uses the between cross-section (O’Z), between time-
period (0%) and within cross-section time-period (0?) variances estimated from
one-sided error (u) of the within SFA model. The SFA module in LIMDEP or

STATA package is used to estimate two-way random effects stochastic frontier

production function as follows

1) Estimate pooled and within cross-section time-series stochastic frontier pro-
duction function model with heterogeneity in the random error, vy, and the
one-sided inefficiency, u;;. Specifically, estimate stochastic frontier model of
yir on xy for pooled (Wallace-Hussain) and g on Z;; for within (Amemiya),

where ¥ = Yit — Y. — Y.t T Y.

2) Obtain the error variance o., 0, and o to develop (s, ¢3 and (@4 to estimate
the thetas, 0y, 02, 05 in order to transform the output and input variables,y;,

and x, respectively, i.e., yly = yir — 01y;. — 02y + + 63y, (see equation 10).
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3) Finally, estimate alternative panel estimators of stochastic frontier produc-
tion function model with heterogeneity in the random error,v and the one-

sided inefficiency, u using WH and AM transformed data.

3 Data and Variables used in the Analysis

The U.S. Department of Agriculture’s Economic Research Service constructs and
publishes the U.S. and state farm production accounts. The aggregate output
quantity index and six input quantity indexes are used to estimate the primal
production function using SFA. The six inputs include - land, labor, capital,
chemicals, energy and material input quantity indexes. Since, state level data
on DGPF_f] and CIP are available in dollars, implicit quantity indexes of DCP and
CIP are computed. The interest is to evaluate the effects of short and long-
run variability in DGP and CIP on efficiency and productivity. The short-run
variability of real DGP (dgpSR) and CIP (cipSR) is computed as a five-year
rolling window standard deviation. Five-year moving standard deviation is used
so that it corresponds to the introduction of a farm bill approximately every five
years. The long-run variability is computed as the cumulative standard deviation
of real DGP (dgpLR) and CIP (cipLR) starting with 5 years and cumulating over

45 years.

4According to U.S. Department of Agriculture, direct government payment is the payments to
producers for programs administered by Farm Service Agency or Natural Resources Conservation
Service and paid by Farm Service Agency-Calendar Year Report of Payments to Producers by
State and Category (MS-241R) from Farm Service Agency; Payments to producers for programs
administered and paid by Natural Resources Conservation Service-Fiscal Year Report of Monthly
Payments to Producers by State and Category from Natural Resources Conservation Service.
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< Insert Table 1 and Figures 3 to 4 >

Table 1 summarizes the mean, standard deviation, minimal and maximal val-
ues for the output, six inputs, DGP and CIP short-run risk and DGP and CIP
long-run risk used in this analysis. All the variables are quantity index consistent
with the production theory that suggests the use of input and output quantities.
Figure 3 shows the trends in output quantity index, DGP implicit quantity index
and CIP implicit quantity index by state from 1960 to 2004. Similarly, Figure 4

shows trends in six input quantity indexes by state from 1960 to 2004.

4 Empirical Application and Results

To examine the importance of short- and long-run variability in DGP and CIP
on efficiency and productivity variance, the stochastic frontier model with hetero-
geneity in the random error, and the one-sided inefficiency, as defined in equation
(7) is estimated. Secondly, the WH and AME] panel stochastic frontier production
function with heterogeneity in the random error, and the one-sided inefficiency,
as defined by equation (8), is used to estimate variance in DGP and CIP. In addi-
tion, the WH and AM panel double heterogeneity stochastic frontier production
function is estimated under the assumption of gamma’| distribution.

The output and inputs in the production function equation are estimated using

°In addition to WH and AM panel stochastic frontier production function models, the Swamy-
Arora (SA) panel stochastic frontier production function model is also estimated and the results
are available from the authors.

SHalf-normal and truncated normal distribution of one-sided error term results are also esti-
mated and available from the authors.
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the logs of the variables. The short- and long-run DGP and CIP variability in
inefficiency and productivity variance function is estimated in levels. Gamma
stochastic frontier analysis of the production function with double heterogeneity
is estimated following Greene (2007).

A Cobb—DouglasE] functional form for the pooled, time-series, cross-section,
WH and AM panel gamma stochastic frontier models with heterogeneity in the
random error (v) and the one-sided inefficiency (u) is specified. The long- and
short-run variance of DGP and CIP is specified in the inefficiency and productivity
heteroskedasticity variance function. The Cobb-Douglas functional form with

heteroskedasticity is specified as

Outputy = By + B1Capitaly; + B Land;; + PBsLabory + B4Chemicals;,
+ BsEnerqgy; + BeMaterials; + B7Y ear + €54 ()

o = Yo,u + V1,udgpS Rit + Y2,udgpLRiy + v1,ucipS Riy + Yo,uctpL Ry

oge = Yo + V1,0dgpS Rit + 2,0 dgpL Riy + 71,4¢ipS Ry + y20cipL Ry
4.1 Pooled and Within Stochastic Frontier Production Func-
tion

Parameter estimates of the pooled and within gamma stochastic frontier produc-

tion function are presented in table 2. In addition to showing the variables related

7A more flexible functional form, the Translog production function is also estimated. How-
ever, the input elasticities and returns to scale was not in the normal range with and without
imposing the properties of production function including curvature conditions. Apart from these
out of range results and the main focus of the paper is to illustrate the importance of short- and
long-run variability in DGP and CIP on efficiency and productivity so a simple functional form
is used in the empirically estimation.
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to production function, the table also demonstrates the impact of short- and long-
run variations in DGP and CIP variables due to the heterogeneity in the random
error (v) and the one-sided inefficiency (u) specification related to production
function. The independent and dependent variables are in logarithms, hence, the
coefficients of the production function represents elasticity of inputs with respect

to output.

< Insert Table 2 >

Results in table 2 suggest that the pooled and within SFA production func-
tion performs well. The year, as a proxy for technology, is positively related to
agricultural output, with returns to scale of 0.842 (0.755) for pooled (within) SFA
production function model. The theta, p, and sigma (v) is positive and significant
in both the models. In each case, the input variables in the production function
are all positive and statistically significant at the one percent level of significance.
An interesting finding here is that, the estimated coefficients of short- and long-
run variability in CIP is similar in pooled and within SFA models. However, the
estimated coefficients of DGP are different in pooled and within models. Results
indicate material input elasticity of 0.415 (0.35) in pooled (within) SFA model
suggests a 100 percent increase in the use of material input increases output by
41.5 (35) percent. The second factor with a significant impact on agricultural
production in the US is energy (chemical) for the pooled (within) SFA model.
Results in table 2 indicate an input elasticity of energy (chemical) of 0.172 (0.134)

indicating that a 100 percent increase in energy (chemical) input would increase
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the output by 17.2 (13.4) percent.

The capital, chemical and labor ranks third (0.084), fourth (0.069) and fifth
(0.053) with respect to the magnitude of contributions to agricultural output,
based on the results from the pooled SFA model. The land variable was posi-
tive but not statistically significant. For the within SFA model, energy, capital,
land and labor ranks third (0.125), fourth (0.107), fifth (0.025) and sixth (0.011)
with respect to the contribution to agricultural output production. All the input
variables are positive and statistically significant.

The pooled SFA model results indicate the short-run CIP and long-run DGP
is negative and positive, respectively, but statistically insignificant on inefficiency.
However, the short-run DGP and the long-run CIP variable in the inverse of
inefficiency variance function is positive and statistically significant. The positive
sign indicates an increase in short-run DGP and long-run CIP variability increases
inefficiency. This suggests variability in DGP and CIP would negatively impact
efficiency as they are built into producers’ expectations in the short- and long-run,
respectively.

The short-run DGP and CIP variable is negative and significant at the 1 per-
cent level of significance on inefficiency for the within SFA model. The negative
sign indicates that short-run variation in DGP and CIP would decrease variation
in the inverse of inefficiency variance. This result suggests producers would be
able to withstand short-run variability and still be efficient in production. How-
ever, the positive and statistically significant long-run variability in DGP and CIP

suggest producers cannot be efficient in production. This is due to the long-run
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uncertainty in the flow of DGP and CIP payments that forms part of the decision
making process of the producers.

The impact of short- and long-run variability in DGP and CIP on produc-
tivity is different for the pooled and within SFA models. With respect to the
pooled model, all the variables are statistically insignificant. However, the within
SFA model suggests negative effect of short-run CIP, long-run CIP and long-run
DGP variability on productivity. In contrast, the short-run DGP variability has a
positive effect on productivity, suggests producers are able to overcome short-run
variation and still be productive.

Overall, the results are mixed not only with respect to pooled and within mod-
els but also efficiency and productivity measures. Next, WH and AM panel SFA
models that account for spatial and temporal variation using variances estimated
from pooled and within random errors (v) and one-sided errors or efficiency (u)

are presented.

4.2 Panel Stochastic Frontier Production Function

In exploring alternatives to the pooled frontier production function, we now switch
to estimating panel stochastic frontier production functions with heterogeneity in
the random error (v) and the one-sided inefficiency (u). In particular, we estimate
panel stochastic frontier production functions using WH and AM two-way random

effects panel estimators.

< Insert Table 3 >
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The transformation of the variables to estimate panel model require the es-
timation of theta’s, lambda’s and variances. The WH model uses the pooled
random error (v) and the one-sided inefficiency (u), while the AM model uses the
within random error (v) and the one-sided inefficiency (u) to compute the theta’s,
lambda’s and variances. The theta, lambda and variance values for the pooled
and within models using random error (v) and the one-sided inefficiency (u) are
presented in Table 3. Results from Table 3 suggest, the use of efficiency measures
to compute the thetas, lambdas and variances used to transform the variables
always guarantees non-zero values. However, the use of traditional random errors
leads to zero values due to truncation of negative values at least with the AM
model. To guarantee non-zero thetas, lambdas and variances it is appropriate
to use one-sided errors or efficiency to transform the variables. Parameter esti-
mates of the WH and AH panel gamma stochastic frontier production function

are presented in Table 4.

< Insert Table 4 >

Table 4 presents results from the WH and AM alternative panel stochastic
production frontier model with heterogeneity in the random error (v;) and the
one-sided inefficiency (u;). In addition to the traditional input factors, we also
assess the impact of short- and long-run variations in DGP and CIP on efficiency
and productivity variance. Comparing the overall result between pooled and panel
stochastic frontier production function indicates that the coefficients of the inputs

are different not only between the WH and AM models but also between efficiency
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and residuals used to transform the variables. In the case of variations in DGP and
CIP (both short- and long-run) - inefficiency and productivity variations-results
show that the signs on the coefficients are different between WH and AM. Within
WH models, the sign but not the magnitude are similar between WH efficiency
and WH residual models. The AM alternative panel stochastic production frontier
model indicates the short- and long-run variations in DGP and CIP variables do
not statistically effect efficiency and productivity. Hence, the rest of the discussion
is based on the WH alternative panel stochastic production frontier model with
heterogeneity in the random error (v;) and the one-sided inefficiency (u;).

Results in table 4 suggest that year, as a proxy for technology, is positively
related to agricultural output, with returns to scale of 0.709 (0.745) for the WH
efficiency (WH residual) transformed panel stochastic frontier model. Relative to
the WH alternative panel models, the pooled model overestimates returns to scale
to the U.S. agriculture. The theta, p and sigma(v) are all positive, statistically
significant and similar in magnitude for WH efficiency and WH residual models.
The shape parameter, p is also significant for the pooled and panel estimators.
Larger values of p (greater than 1) allow the mass of the inefficiency distribution
to move away from zero. Results indicate that for the pooled and most of panel
models, the value of p was less than or close to zero.

The WH efficiency transformed panel stochastic frontier results indicate that
input elasticities are all positive and significantly related to the output with the
exception of capital (negative and significant) in the WH residual model. The

production function results are consistent with production theory, i.e., an increase
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in the quantity of input leads to an increase in the quantity of output produced.
The results from the WH efficiency and WH residual panel models indicate an
input elasticity of about 0.382 and 0.417, respectively, for materials is relative
higher than other inputs. This indicates, a 100 percent increase in material inputs
would increase the output by 38.2 percent and 41.7 percent, respectively for the
WH efficiency and WH residual models. The coefficient on chemical input is about
0.115 and 0.111 for the WH efficiency and WH residual models, respectively. It
should be noted that chemical input ranks second with respect to the magnitude
of contributions to agricultural output, indicating that a 100 percent increase
in chemical input increases agricultural output by about 11.5 and 11.1 percent,
respectively, for the WH efficiency and WH residual models. For the WH efficiency
model, energy is followed by labor, capital and land, indicating labor and capital
inputs have smaller positive influence on agricultural output.

With respect to the WH alternative panel stochastic frontier production model,
the effect of short- and long-run variations in DGP and CIP on efficiency is rela-
tively greater than productivity. The final four rows in table 4 assess the impact
of long- and short-run variations in DGP and CIP on productivity. The short- and
long-run variation in CIP and long-run variation in DGP is negative and signif-
icantly related to productivity. This suggests decreased variation in agricultural
productivity with increased short- and long-run variation in CIP and long-run
variation in DGP. This could be due to the short- and long-run upside variation
over and above the mean. However, an increase in short-run variation in DGP is

the only variable that would increase variation in agriculture productivity.
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The effect of short- and long-run variation in DGP and CIP on inefficiency is
much more consistent between the WH efficiency and WH residual panel stochastic
frontier production models. The short-run variation in DGP and CIP is negative
and statistically significant. This suggest, producers in the U.S. are able to with-
stand short-run variations in DGP and CIP and still able to produce efficiently.
This could be due to the ability of the producers to overcome short-run variations
in expected DGP and CIP. However, the results in table 4 show that the impact of
long-run variation in DGP and CIP is positive and statistically significant at the 1
percent level of significance. This suggest, the producers have already built-in the
expected DGP and CIP into their decision making process and expected profits
in the long-run due to huge investments on their farm.

Finally, the estimated theta and sigma for pooled and SA panel estimator are
significant at the 1 percent level of significance. This result indicates a good fit
of the gamma pooled and panel model with heteroskedasticity in one-sided and

random errors.

5 Conclusion

The contribution of the research presented here is twofold. First, WH and AM al-
ternative two-way random effects panel estimators of the normal-gamma stochas-
tic frontier model with heterogeneity in the random error (v) and the one-sided
efficiency (u) is proposed. In particular, we propose a generalized least squares

procedure that involves the use of random error (v) and one-sided efficiency (u) to
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estimate the variances and then using the estimated variance-covariance matrix to
transform the data is proposed. The data transformation involves estimation of
the within residuals and efficiency for the AM panel estimator and pooled residuals
and efficiency for the WH panel estimator. Secondly, the stochastic frontier model
with heteroskedasticity of a random error term (v) identified with productivity
and a one-sided error term (u) identified with inefficiency, is used to examine the
importance of short- and long-run risk or variability in DGP and CIP.

Empirical estimates indicate differences in the parameter estimates of produc-
tion function and heterogeneity function variables between pooled and WH or AM
panel estimators. The difference between the pooled and the panel SFA model
suggests the need to account for spatial, temporal, and within residual variations
as in WH or AM panel estimator. Findings from this study show production
increases with increasing units of inputs. Results from this study indicate that
short- and long-run variation in DGP and CIP plays a positive and negative role,
respectively, on inefficiency. In contrast, only the short variation in DGP plays a
negative role on productivity.

In the future research the robustness of the alternative two-way random effects
models is being evaluated using USDA farm-level data. In addition, the use of
farm data by region with disaggregate data on different kinds of federal farm

programs and commodities grown would be helpful to policy makers.

22



References

1]

Aigner, D.J., Lovell, C.A.K., and Schmidt, P. 1977. "Formulation and Estima-
tion of Stochastic Frontier Production Function Models." Journal of Econo-

metrics, 6: 21-37.

Amemiya, T. 1971. "The Estimation of the Variances in A Variance-

Components Model." International Economic Review, 12: 1-13.

Battese, G. and Corra, G. 1977. "Estimation of a production frontier model:
With application for the pastoral zone of eastern Australia." Australian Jour-

nal of Agricultural Economics, 21: 167-179.

Farrell, M.J. 1957. The Measurement of Productive Efficiency. Journal of the

Royal Statistical Society Series A 120, 253-281.

Greene, W. 2007. LIMDEP Computer Program: Version 9.0. Econometric
Software. Plainview, NY, 2007.

Griliches, Z. 1996. "The Discovery of the Residual: A Historical Note." Jour-
nal of Economic Literature, 34(3): 1324-1330.

Meeusen, W. and van den Broeck, J. 1977. "Efficiency Estimation from
Cobb-Douglas Production Functions with Composed Error." International

Economic Review, 18: 435-444.

23



[8] Pitt, M M., and Lee, L. F. 1981. "The Measurement and Sources of Technical
Inefficiency in the Indonesian Weaving Industry." Journal of Development

Economics, 9: 43-64.

[9] Swamy, P.A.V.B. and Arora, S.S. 1972. "The Exact Finite Sample Properties
of the Estimators of Coefficients in the Error Component Regression Models."

Econometrica, 40: 261-275.

[10] Wallace, T.D. and Hussain, A. 1969. "The Use of Error Components Models

in Combining Cross-Section and Time-Series Data." Econometrica, 37: 55-72.

24



UONBLIBA 10 YSUI UNI-UO] - UONBLIEA 10 YSLI UNI-LIOYS ——

ooz osel  oml o6k o0z osel st osL 0%k o0z osel ot osl 0%k 00z osel ol o6 0%l oz ossi  oesl  oce 1 oz ossi  oee o 0wl
" h 1 1 o ’ h ’ I o ’ h ’ L o ’ h " n o " h ’ 1 o " h " ! o
o 0z For oz fee
for
08 or fos o fos
foe
ozt 09 ozt foo Fse
oz o9t 08 o9t o8 001
Surwok UISUOISIAN RIUISIA 1S9M uoiBurysepy © A JUOWLIIA
ooz oset  oml o6k ' ooz oset  omel o6k v o0z osel  oesi o8k 0%k o0z osel  oesi o8k 0%k 0z osel  oesi o6 0%t oz st oest  ocet 1 oz st oet o6t 0%l
" h " ’ o " h " ’ o h h ’ n o h h ’ n o ’ h h n o " h h ’ o " h " n o
Fse Fse o for ]
or for 7
4 fos fos os fo fos
o8 fos
[ [ s fozt [
eI SeXa, EERCIIEN) vIONR( YINOS rut[oIR) YIN0S PUeR[S] POy erueA[ASUUS
ooz ose  oml o6k 1 ooz ose  oml o6k 1 00z osel ol osl 0%k o0z osel ot osl 0%k o0z osel ol o6 0%l oz ossi  oesl o6 1 oz ossi  oee o 0wl
" h 1 L o " h 1 I o " h ’ I o " h ’ ! o " h " n o " h " 1 o " h " ! o
Lor o o sz Loz
For Lo
fos 08 08 fos For
foe fos
Fozs ozt ozt fo fos
oz o9t o8t o8t ozt oot o8
uofaIQ rWOYERO oo vIONR( YUON rUIOIRD) YUON SIOA MON OITXAN MIN
ooz oset  oml o6k ' ooz osel om0k 096k o0z osel  oesi  osk 0%k o0z osel  oesi o8k 0%k 00z osel  oesi o6 0%l oz ossi  oest o6t 1 oz ossi  oeer ot 0%l
1 h h ’ o " h h 1 o ’ h ’ I o ’ h ’ I o ’ h ’ n o " h h 1 o " h 1 | o
or for
-or or For fos
08 fos
foe o8 fos oot
021 fozt
oz ozt o3t o9t ozt ost
Kas1or mON anysdurey moN epeAON BYSLIQIN RURIUOIN LINOSSIAL 1ddississTy
ooz ose  oml o6k 1 ooz ose  oml  oush 1 o0z osel sl o8l 0%k o0z osel sl o8l 0%k 00z osel ol o6 0%l o0z ossh  omel  0s6h 3 00z ossi o8l o6k 0%
" h ’ ’ o " h ’ ’ o " h ’ | o " h ’ I o " h " n o " h " | o " h " I o
For For o o [
For -or
For
fos fos o8 o8 |
fos
fos fos
Fozs Fozs ozt oz Log
o9t o9t o8t o8t o0t oz ozt
ROSIUUTIA weS PN SNSNYLSSEIN pueAIey QU BURISINOT] Apomuayy
ooz ose  oml o6k ] ooz ose  oml o6k ] o0z osel  ossi  o6L 09k o0z osel  ossi  o6h 09k o0z osel ol o6r 0%t ooz ossi  osi  oz6k 3 oz ossi  oser  oer 0%l
" h h 1 " h h 1 ’ h ’ n ’ h ’ N h h h ’ " h h | " h ’ n
Hor os os re
Fos for for
For
o o0t o0t
fos
foor fo fo
ozt o1 o1 Lo
ost o5t o0z o0z ozt ozt oot
sesuey| eMo[ euRIpU[ ouyepy e181000) epLOL]
ooz ose  omel o6k 1 ooz ose  oml o6k 1 o0z osel sl o8L 0%k o0z osel sl 081 0%k o0z osel ol o6 0%l 00z ossh  o@el  0u6h 3 00z osel 086k O6h 0%
" h h 1 o " h h ’ o " h ’ n o " h ’ n o " h " | o " h " | o " h ’ n o
For o for For
For o For
oe 08 Foo Lo
fos 08 fos
Fozs ozt fozs fozs
oot oz ozt o0t oot o0t ozt
amme[aq MdNAUU0) opeiojo) erwIoyIe) ruOZIY ruRqe[y

Short and Long-run Variability in Direct Government Payments, 1960-

Figure 1
2004

25



SI UNI-5UO —- YSU UNI-LIOYS ——

000T 0661 0861 0L61 0961
n L n n 0

000T 0661 0861 0L6I 0961
n n n n 0

000T 0661 0861 0OL61 0961
" n n n L0

000T 0661 0861 0L6I 0961
" " n " 0

000T 0661 0861 0L6I 0961
-0

000T 0661 0861 0L6I 0961
n n " " 0

[0S [For
Foor For Fos
Foor oot toc
o 00T o8 roor o€
L ooz Foog Fozt Fost [ oo Loy
0sT 00 091 00z 00 0s
Surwof g UTSUOISTA RIUISIIA 1SOA\ uoiBuryse g\ RIUIBIIA JUOWLID A
0002 0661 0861 0L6I 0961 000 0661 0861 0L6I 0961 000 0661 0861 OLGI 0961 000 0661 0861 0L61 0961 000 0661 0861 0L6I 0961 000 0661 0861 OL6I 0961 000 0661 0861 OL6I 0961
" " " " 0 . ’ \ " 0 . ’ ’ " 0 . " h " . " ’ 7 0 . " " . . ’ " " 0
c ros ros c
I-0$ ros ros ros
Foor oot Foor
- 001 o [-001 pout oot oot
Fost Looz Fost o0 L ooz Fost Fost
00z 0sT 00T 00¢ 0sT 00T 00T
e Sexa, Q0SSAUUR, rl0¥eRq YINog eUIOIE) YINOS PUBS] 9pOyy BIUBA[ASUUO]
000Z 0661 0861 0L61 0961 000 0661 0861 0L6I 09 000 0661 0861 0L6I 0961 000T 0661 0861 0L61 0961 000T 0661 0861 0L61 0961 000 0661 0861 0L6I 0961 000 0661 0861 0L6I 0961
. L " " 0 . " L " . " | " . " " " Lo . " L " 0 . " " " 0
¢ Fos
Fos For
Loor F001 oot Foot
Foot Fos oct
00T 00z 00T [
rost ot t o0z
00€ 00€ 002 00€ 091 0sz
uofa1Q rwIoyepO oo vIoNeq YHON RUI[OIRD) YHON JIOX MON OOTXA] MON.
000T 0661 0861 0L6I 0961 000T 0661 0861 0L61 0961 000T 0661 0861 0L6I 0961 000T 0661 0861 0OL61 0961 000T 0661 0861 0L6I 0961 000C 0661 0861 0L6I 0961 000T 0661 0861 0L6I 0961
Lo . . ) . 0 . h " " . . " L0 | . h " ! . h " . h L ’
Fos
Fst Foo1 Fos
For Loot ) For Foot
051 ros 00T roor
o8 Looz fse o oog Fost oo
1 4 001 1 i 00; 00€
Kasiof maN anysdwey maN epRAIN BYSBIGON BURJUOIN LINOSSTAL 1ddississTg
0002 0661 0861 0L6I 0961 000 0661 0861 0L6I 0961 000 0661 0861 OLGI 0961 000 0661 0861 0L61 0961 000 0661 0861 0L6I 0961 000 0661 0861 OL6I 0961 000 0661 0861 OL6I 0961
. " ’ " 0 " ’ , " 0 . ’ " | 0 " . ’ " 0 " " " " 0 " " " " 0 o
Los Fos Fos
For Loot Foc o Foor Foor Loot
0ot
ros rost tor Fooz Fooz [0t
rost ooz Fooz
ozt 00z 0st 09 00¢ 00 0st
©10SQUUTIA ueSIyory SNASNYIBSSEIA puejkIepy Qurey BUBISINOT Ayomuay
000Z 0661 0861 0L61 0961 000 0661 0861 0L61 0961 000 0661 0861 OL6I 0961 000Z 0661 0861 0L61 0961 000T 0661 0861 0L61 0961 000 0661 0861 0L6I 0961 000 0661 0861 0L6I 0961
. L " " 0 . " I Lo . " " " Lo . " " " 0 . " " " 0 ’ " " " 0 . " " " 0
Foot Fos For roz o ror o
Foot Fos Foot
00z Foo1 Fos For Loct Lozt Lost
00€ os1 ozt 09 00Z 091 00z
sesuey eMOT euRIpU] stour([[ oyepy v131000 BPLIOL]
000T 0661 0861 0L61 0961 000T 0661 0861 0L61 0961 000T 0661 0861 0L6I 0961 000T 0661 0861 0OL61 0961 000T 0661 0861 0L6I 0961 000T 0661 0861 0L6I 0961 000T 0661 0861 0L6I 0961
Lo " " L " 0 . . " " . " " " . . . " . . L " . h " ’
Fos
For F0s For Fos
For Fos Loor
o8 root o8 roor 051
08 oot . [
Fozt Fost Fozt Fost Looz
1 1 091 0z 91 00; 0ST

Aremepq

NONIIUUOD)

opeIojo)

eIuIojIE)

sesuRyIy

rUOZLIY

eWIRQRTY

Crop Insurance Programs, 1960-2004

1mn

Short and Long-run Variability

Figure 2

26



doueInsuf do1) 19N —— SiudWked Weisold wie —e— Inding —— 7

00 S6 06 S8 08 SL 0L S9 09 00 S6 06 S8 08 SL OL 9 09 00 S6 06 €8 08 SL OL S9 09 00 S6 06 S8 08 SL 0L 9 00 S6 06 S8 08 SL 0L S9 09 00 S6 06 S8 08 SL OL 9

: —t 00z . o0z 00z 00z . —t 002 . 4 00
0 0 ko 0 0 ko
o0z 00z I o0z
o0z 00z o0z
- oor 00r - oor
k009 009 roor 009 [oor roor
08 008 009 008 009 009
Surwod UISUOISIAN RIUISIIA 1SOM uoiBuryse sy eruISIA WOWII A
00 S6 06 S8 08 SL 0L 9 09 00 S6 06 S8 08 SL 0L 9 09 00 S6 06 S8 08 SL OL 9 09 00 6 06 S8 08 SL 0L S9 09 00 S6 06 S8 08 SL 0L €9 09 00 €6 06 S8 08 SL 0L S9 09 00 S6 06 S8 08 SL OL 9 09
00p 0 00z 0 00z o0z 00z
Lo 00z 0 ko ko 0
[
I 00z
oo - oor I 00c - o0c ooz
oo [
o0 009 oor - oor - oor L oos
ol
yeIn sexaL, Qassauua], wloyeq YInog rur[oIR) YINOS pue[s] apoyy BIURA[ASUUS
0 o

00 S6 06 S8 08 SL 0L 9 S 06 S8 08 SL 0L 9 09 00 S6 06 S8 08 SL OL 9 09 00 S6 06 S8 08 SL 0L S9 09 00 S6 06 S8 08 SL 0L S9 09 00 S6 06 S8 08 SL 0L S9 09 00 S6 06 S8 08 SL OL S 09

00z L 00z
Dm ﬁ 0
008 009 008

uodaiQ ewoyepIO oo e103e( YHON eurjoIE) YuoN NI0X MON OJIXaJN] MAN

00 S6 06 S8 08 SL OL 9

o0z

F ooy

;
i
?%%

$6 06 S8 08 SL 0L 9 09 00 S6 06 S8 03 SL OL €9 09

S6 06 S8 08 SL 0L 9

8

S6 06 S8 08 SL 0L $9 09 00 S6 06 S8 08 SL 0L 9

8

6 06 S8 08 SL OL S9 09

]
}

Figure 3: Trends in Output, Farm Program Payments and Net Crop Insurance

Quantity Index, 1960-2004
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Figure 4: Trends in Land, Labor, Capital, Chemical, Energy and Material Input

Quantity Index, 1960-2004
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Table 1:

Summary Statistics of Output, Inputs, DGP and CIP variables

Mean Std. Dev.

Minimum Maximum

Output
Land
Labor
Capital
Chemicals
Energy
Materials

141.17
80.42
59.50

107.56

228.74

118.31

129.86

Short-run DGP variability (dgpSR) — 43.92
Long-run DGP variability (dgpLR)  68.65
Short-run CIP variability (cipSR) 47.14
Long-run CIP variability (cipLR) 77.10

47.77
17.36
22.15
27.87
219.69
31.18
46.48
31.06
31.90
31.85
44.18

99.52
33.57
14.39
39.38
28.82
51.79
41.58
0.00
0.00
0.00
0.00

336.10
104.96
134.60
219.24
3,180.54
322.73
388.40
172.24
134.69
262.28
228.81




Table 2: Pooled and Within Stochastic Frontier Production Function with Gamma
Distribution

Pooled Within
Variable Coefficient Prob. |z|>Z Coefficient  Prob. |z|>Z

Constant 0.732 < 0.001 0.020 < 0.001
Land 0.036 0.126 0.025 < 0.001
Labor 0.053 0.000 0.011 < 0.001
Capital 0.084 < 0.001 0.107 < 0.001
Chemical 0.069 < 0.001 0.134 < 0.001
Energy 0.172 < 0.001 0.125 < 0.001
Material 0.415 < 0.001 0.350 < 0.001
Technology 0.013 < 0.001 -0.0003 < 0.001
Gamma Shape parameters
Theta 41.692 0.038 25.755 < 0.001
P 1.471 0.000 0.313 < 0.001
Sigmav 0.122 < 0.001 0.053 < 0.001
Heterogeneity in the Inefficiency
cipSR -0.233 0.438 -19.421 < 0.001
cipLR 0.714 0.054 7.102 < 0.001
dgpSR 0.294 0.084 -8.230 < 0.001
dgpLR 0.012 0.935 5.252 < 0.001
Heterogeneity in the Productivity
cipSR -0.027 0.693 -2.220 < 0.001
cipLR -0.013 0.899 -7.092 < 0.001
dgpSR -0.063 0.336 0.788 < 0.001
dgpLR 0.072 0.218 -2.925 < 0.001
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Table 3: Parameters for Transformation of Variables from Gamma Distribution

Gamma distribution

Parameters Wallace-Hossain  Amemiya

Residuals thetal 0.8957 0.3943
Residuals theta2 0.7539 0
Residuals thetad 0.7461 0
Residuals lamdal 0.0048 0.0069
Residuals lamda2 0.4432 0.0187
Residuals lamdagd 0.0796 0.0069
Residuals lamda4 0.518 0.0187
Residuals sig2v 0.0048 0.0069
Residuals sig2m 0.0115 0.0003
Residuals sig2l 0.0016 0
Efficiency thetal 0.8323 0.4405
Efficiency theta?2 0.7471 0.5483
Efficiency thetad 0.7206 0.3642
Efficiency lamdal 0.0002 0.0287
Efficiency lamda2 0.0079 0.0916
Efficiency lamdagd 0.0035 0.1405
Efficiency lamda4 0.0112 0.2034
Efficiency sig2v 0.0002 0.0287
Efficiency sig2m 0.0002 0.0017
Efficiency sig2l 0.0001 0.0023
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Table 4: Wallace-Hussain and Amemiya Panel Stochastic Frontier Production Function with Gamma Dis-

tribution
Wallace-Hussain Amemiya
Efficiency Residual Efficiency Residual
Variable Coefficient Prob|z|>Z Coefficient  Prob|z|>Z Coefficient  Prob|z|>Z Coefficient  Prob|z|>Z
Constant 0.132 < 0.001 0.060 < 0.001 0.276 < 0.001 0.438 < 0.001
Land 0.023 < 0.001 0.071 < 0.001 0.061 0.0053 0.082 0.0007
Labor 0.047 < 0.001 0.056 < 0.001 0.056 < 0.001 0.071 < 0.001
Capital 0.031 < 0.001 -0.003 < 0.001 0.069 0.0003 0.052 0.002
Chemical 0.115 < 0.001 0.111 < 0.001 0.081 < 0.001 0.073 < 0.001
Energy 0.108 < 0.001 0.090 < 0.001 0.126 < 0.001 0.075 < 0.001
Material 0.382 < 0.001 0.417 < 0.001 0.428 < 0.001 0.443 < 0.001
Trend 0.004 < 0.001 0.003 < 0.001 0.006 < 0.001 0.013 < 0.001
Gamma Shape parameters
Theta 25.634 < 0.001 25.558 < 0.001 25.464 < 0.001 22.555 < 0.001
P 0.220 < 0.001 0.163 < 0.001 0.733 < 0.001 1.155 0.0049
Sigmav 0.073 < 0.001 0.065 < 0.001 0.084 < 0.001 0.077 < 0.001
Heterogeneity in the Inefficiency error
cipSR -8.516 < 0.001 -4.298 < 0.001 -0.529 0.0035 -0.647 0.056
cipLR 3.883 < 0.001 1.922 < 0.001 0.683 0.0526 0.443 0.098
dgpSR -2.363 < 0.001 -1.097 < 0.001 -0.122 0.3899 0.204 0.1316
dgpLR 2.031 < 0.001 1.111 < 0.001 0.334 0.017 0.049 0.6691
Heterogeneity in the Productivity error
cipSR -0.842 < 0.001 -0.454 < 0.001 0.099 0.1321 0.090 0.2097
cipLR -2.263 < 0.001 -1.006 < 0.001 -0.157 0.105 0.090 0.463
dgpSR 1.013 < 0.001 0.431 < 0.001 -0.017 0.796 -0.029 0.716
dgpR -1.636 < 0.001 -0.759 < 0.001 -0.046 0.5007 0.135 0.0831
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