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Abstract
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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-
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sures of the U.S. agriculture sector1. 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 >
1What 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
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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; β) (1)

The primal production function can be estimated using SFA2 that decomposes

the traditional error (ε) 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 (x; β) + v − u (2)

where y represents endogenous dependent variable and x is a vector of exogenous

independent inputs including time used in the production function; β is a vector

of coefficients associated with inputs; and traditional random error (ε) 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 (ε) into a symmetrical random error
(v) and a one-sided error or inefficiency (u)
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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 = f (x; β) + v − u

σ2
u = exp (δ′z)

σ2
v = exp (δ′z)

(3)

where σ2
u is the variance in the inefficiency term, σ2

v 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.
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2.1 Linking Random Error, v to Productivity

The production function assuming inefficiency is defined as

y = f (x; β) + v − u

= f (x̃; β) + v
(4)

where f (x̃; β) is equal to f (x; β) − 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; β) + 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

TFP = v = y

f (x̃; β) (5)

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

y

σ2
inefficiency

σ2
productivity

=

=

=

f (x; β) + v − u

exp (δ′z)

exp (δ′z)

Output

Inefficiency

Productivity

(6)

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.
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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 (vit) and the one-sided inefficiency (uit) is represented as

yit = f (xit; β) − uit + vit

σ2
u,it = exp (δ′zit)

σ2
v,it = exp (δ′zit)

(7)

where i = 1, ..., I and t = 1, ..., T represents cross-sectional and time-series dimen-

sions.

To estimate the WH and AM two-way random effects3 stochastic frontier pro-

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

y∗it = f (x∗it; β) − uit + vit

σ2
u,it = exp (δ′z∗it)

σ2
v,it = exp (δ′z∗it)

(8)

where y∗it = Ω−1/2yit or y∗it = yit − θ1yi . − θ2y. t + θ3y . . with yi ., y. t and y . .

3The additive errors of the two-way error components structure is represented in vector form
for normal random error, vit = Wµµi+Wλλt+Wεεit and one-sided error, uit = Wµµi+Wλλt+

Wεεit where
Wµ = (II ⊗ ιT ) ; µ′ = (µ1, ..., µI)
Wλ = (IT ⊗ ιI) ; λ′ = (λ1, ..., λT )
Wε = (II ⊗ IT ) ; ε′ = (ε11, ..., εIT )

and represent the random error components

with zero mean and covariance matrix E

 µ
λ
ε

 (µ′λ′ε′) =

 σ2
µIN 0 0
0 σ2

λIT 0
0 0 σ2

εINT

.

9



in the above equation represents the cross-section, time-series, and the overall

mean of the variable and computed as yi . = ∑T
t=1 yi t/T , y . t = ∑N

n=1 y it/I and

y. . = ∑N
n=1

∑T
t=1 yit/IT , respectively. The omega is defined as

Ω−1/2 ≡ σ2
v = σ2

µ (II ⊗ ιT ) + σ2
λ (IT ⊗ ιI) + σ2

ε (II ⊗ IT ) (9)

where II and IT (ιI and ιT ) represent an identity matrix (vector of ones) of (T

and I dimensions (T and I dimensions), respectively.

The theta’s are defined as

θ1 = 1 −
(
σε

ϕ
1/2
2

)
, θ2 = 1 −

(
σε

ϕ
1/2
3

)
, andθ3 = θ1 + θ2 +

(
σε

ϕ
1/2
4

)
− 1 (10)

The ϕ′s - ϕ̂2 = Tσ2
µ + σ2

ε , ϕ̂3 = Nσ2
λ + σ2

ε and ϕ̂4 == Tσ2
µ + Nσ2

λ + σ2
ε are

obtained from between cross-section
(
σ2
µ

)
, between time-period (σ2

λ) and within

cross-section time-period (σ2
ε) variances of random errors and one-sided errors

(efficiency). The ϕ′s used in the computation of the thetas (θ1, θ2 and θ3) 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

between cross-section
(
σ2
µ

)
, between time-period (σ2

λ) and within cross-section

time-period (σ2
ε) variances estimated from the random error (v) of the pooled

SFA model. The second set uses the between cross-section
(
σ2
µ

)
, between time-

period (σ2
λ) and within cross-section time-period (σ2

ε) 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, vit, and the

one-sided inefficiency, uit. Specifically, estimate stochastic frontier model of

yit on xit for pooled (Wallace-Hussain) and ỹit on x̃it for within (Amemiya),

where ỹit = yit − yi . − y. t + y . ..

2) Obtain the error variance σε, σµ and σλ to develop ϕ̂2, ϕ̂3 and ϕ̂4 to estimate

the thetas, θ1, θ2, θ3 in order to transform the output and input variables,y∗it,

and x∗it respectively, i.e., y∗it = y it − θ1yi . − θ2y . t + θ3y . . (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 DGP4 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 AM5 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 gamma6 distribution.

The output and inputs in the production function equation are estimated using
5In 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.

6Half-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-Douglas7 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

Outputit = β0 + β1Capitalit + β2Landit + β3Laborit + β4Chemicalsit

+ β5Energyit + β6Materialsit + β7Y ear + εit

σ2
u = γ0,u + γ1,udgpSRit + γ2,udgpLRit + γ1,ucipSRit + γ2,ucipLRit

σ2
v = γ0,v + γ1,vdgpSRit + γ2,vdgpLRit + γ1,vcipSRit + γ2,vcipLRit

(11)

4.1 Pooled andWithin 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 (vit) and the

one-sided inefficiency (uit). 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 (vit) and the one-sided inefficiency (uit).

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.

20



The effect of short- and long-run variation in DGP and CIP on inefficiency is

much more consistent between the WH efficiency andWH 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.
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Figure 2: Short and Long-run Variability in Crop Insurance Programs, 1960-2004
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Quantity Index, 1960-2004 28



Table 1: Summary Statistics of Output, Inputs, DGP and CIP variables

Mean Std. Dev. Minimum Maximum
Output 141.17 47.77 59.52 336.10
Land 80.42 17.36 33.57 104.96
Labor 59.50 22.15 14.39 134.60
Capital 107.56 27.87 39.38 219.24
Chemicals 228.74 219.69 28.82 3,180.54
Energy 118.31 31.18 51.79 322.73
Materials 129.86 46.48 41.58 388.40
Short-run DGP variability (dgpSR) 43.92 31.06 0.00 172.24
Long-run DGP variability (dgpLR) 68.65 31.90 0.00 134.69
Short-run CIP variability (cipSR) 47.14 31.85 0.00 262.28
Long-run CIP variability (cipLR) 77.10 44.18 0.00 228.8129



Table 2: Pooled andWithin 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 theta1 0.8957 0.3943
Residuals theta2 0.7539 0
Residuals theta3 0.7461 0
Residuals lamda1 0.0048 0.0069
Residuals lamda2 0.4432 0.0187
Residuals lamda3 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 theta1 0.8323 0.4405
Efficiency theta2 0.7471 0.5483
Efficiency theta3 0.7206 0.3642
Efficiency lamda1 0.0002 0.0287
Efficiency lamda2 0.0079 0.0916
Efficiency lamda3 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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