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ABSTRACT: The objective of this paper is to apply a Cobb-Douglas, Translog Stochastic Production Function and Data
Envelopment Analysis in order to estimate inefficiencies over time as well as respective TFP (Total Factor Productivity)
sources for main Brazilian grain crops - namely, rice, beans, maize, soybeans and wheat - throughout the most recent
data available comprising the period 2001-2006. The results indicate that, although positive changes exist in TFP for
the sample analyzed, a decline in the use of technology has been evidenced for all grain crops in which it is observed a
historical downfall in the use of inputs in Brazilian agriculture.

KEYWORDS: Total Factor Productivity, Stochastic Frontier, Data Envelopment Analysis.

1. INTRODUCTION The Stochastic Frontier Analysis — SFA is an analyti-

. . L cal approach that utilizes econometric (parametric)
Not all producers are technically efficient”. As op- tochniques whose models of production recognize

posed to conventional microeconomic theory, such  technical inefficiency and the fact that random shocks
statement implies that not all producers are able to beyond producers’ control may affect the product.
}Jtilize the minimum quant.ity of req}lired inputs  Differently from non-parametric approaches that as-
in order to produce the desired quantity of output sume deterministic frontiers, SFA allows for devia-

given the available technology. Similarly, not all pro- tions from the frontier, whose error can be decom-
ducers are able to minimize necessary costs for the posed for adequate distinction between technical
intended production of outputs. efficiency and random shocks (e.g. labor or capital

erformance variations).
From a theoretical point of view, producers donot al- P )

ways optimize their production functions. The pro- By the application of non-parametric methods as
duction frontier characterizes the minimum number Data Envelopment Analysis — DEA, the Malmquist
of necessary combinations of inputs for the produc-  index s calculated by distance functions obtained by
tion of diverse products, or the maximum output = mathematical programming and allows for the ab-
with various input combinations and a given tech-  sence of price information, utilizing physical quan-

nology. Producers operating above the production  tities of multiple inputs and products instead. The
frontier are considered technically efficient, while ~ main two components of the underlying index are
those who operate under the production frontier are technical change (innovation) and efficiency change
denoted technically inefficient. (“catching up” effect towards the frontier).
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The objective of this paper is to apply the Stochas-
tic Frontier Analysis technique in order to estimate
increase or decrease in inefficiencies through time,
as well as the linear programming method Data En-
velopment Analysis, namely the Malmquist index,
for the analysis of change in TFP (Total Factor Pro-
ductivity) in main Brazilian grain crops —rice, beans,
maize, soybeans and wheat — throughout the 2001-
2006 period.

Among observed results, even though there have
been positive changes in main Brazilian grain crops,
there have been a decline in the component refer-
ring to technological innovations for all Brazilian
grain crops analyzed between the 2005/2006 period
in which it is observed a general downfall in input
usage in agriculture.

2. THEORETICAL FRAMEWORK

2.1 Stochastic Frontier Analysis - SFA

In the presence of inefficiencies, the Stochastic Frontier
Analysis — SFA emerges as a theoretical and practical
framework, whose objective is to contribute for the
definition and estimation of production frontiers. SFA
has been developed from remote influences but the
literature that directly influenced the development of
SFA has been the theoretical framework about pro-
duction efficiency beginning in the decade of 1950 by
Koopmans (1951), Debreu (1951) and Shephard (1953).
Farrell (1957) was the first to measure production effi-
ciency empirically. The use of linear programming by
Farrell influenced research by Boles (1966), Bressler
(1966), Seitz (1966) and Sitorus (1966) and eventu-
ally the development of Data Envelopment Analysis
(DEA) by Charnes, Coopers and Rhodes (1978). The
influence from Farrell is also definite for the works by
Aigner and Chu (1968), Seitz (1971), Timmer (1971),
Afriat (1972) and Richmond (1974) — direct collabora-
tors for the SFA development.

This parametric method of stochastic frontier con-
siders production frontier as a random shock. Dif-
ferently from a non-parametric method such as DEA
that assumes a deterministic frontier, the stochastic
frontier allows for deviations from the frontier to
represent both inefficiency and an inevitable statis-
tic noise which intends to be a closer approach to
reality given that observations normally involve a
random walk.

SFA has its origins in two papers: Aigner, Lovell
and Schmidt (1977) and Meeusen e van den Broeck

(1977), followed by the works by Battese and Corra
(1977). These three original works represent, in the
context of production frontier, the error term defined
in a structurally composed manner. Since then, the
SFA has been developed by several collaborators:
Schmidt and Lovell (1979), Jondrow et al. (1982),
Greene (1980), Stevenson (1980), Lee (1983), Koop
and Diewert (1982), Pitt and Lee (1981), Schmidt and
Sickles (1984), Cornwell, Schmidt and Sickles (1990),
Kumbhakar (1990), Battese and Coelli (1992), among
other researchers.

The models of stochastic production frontier ad-
dress technical efficiency and recognize the fact
that random shocks beyond the control of produc-
ers may affect the production output. Therefore, in
these models, the impact of random shocks (as labor
or capital performance) on the product can be sepa-
rated from the impact of technical efficiency varia-
tion. These models were simultaneously introduced
by Aigner, Lovell and Schmidt (1977) and Meeusen
and van den Broeck (1977).

This paper has followed the dominant functional
specification in literature based on the works by Bet-
tese and Coelli (1992, 1995), in which it is formalized
technical inefficiency in the production function of
stochastic frontier for panel data. Thus, consider the
following production function of a given state i:

¥ir = explc;ef + Vi — Uye) = expli; S + Vi exp(—u; )
or
In v = x5 + Ve — i

I = -]._.2_.3_. e L= 1_.2_.3_. vann TL sectors and
t= 1_.2_.3_. g Tt= 1_.2_.3_. vinp T years

where y, is the vector representing produced quan-
tities by the unit of production? ¥ inperiod t T ; ¥t
Xir is the vector of inputs used by the unit of produc-

tion in period £ t ; 5 B is the vector of coefficients
to be used that define the production technology.

The terms ¥ ¥ and ¥ U are vectors representing dis-
tinct error components. The first term refers to the ran-
dom part of error, with normal distribution, indepen-
dent and identically distributed (iid), truncated in zero
and variance % @3 [v~id N(O, o3 o )]- The second
term concerns the part relating to technical inefficiency,
constituting a deviation in relation to the production
frontier (which can be inferred by negative sign and by
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restriction ¥ = 0 1 = 0 ) They are nonnegative ran-
dom variables with normal truncated distribution, that

is, non-null # & mean [« ~N" (m,s 5)].

The OLS (Ordinary Least Squares) method provides
a simple test for the identification of the presence
of technical inefficiency in data. If 4: =0 u; =0
then & = 0 & =0 | Thus, the error term is symmet-
ric and data do not evidence technical inefficiency.
However, if U; = 0 U; =0  then the distribution
of & = Vi —U; & = T; —U; js negatively symmetric
and evidences of technical inefficiency in data exist.
Thus, the term i+ & quantifies technical inefficien-
cy or the distance in relation to the efficiency frontier.
The most efficient estimate presents value 0 for Kir
Mir . This suggests that the presence of technical ineffi-
ciency can be tested directly by the residuals of OLS.

Consider technical inefficiency as time-variant

Hie = [exp(=n — T

When® 7 is positive, the value inside the brackets of
the exponential term will become non-negative and (
exp(—n(t — Tt exp(—n(t — THIi will not be
smaller than unity. This is the case in which Kir = K
Mgz 2 L In other words, technical inefficiency will
have decreasing effects through time (positive ef-

fect in technical efficiency over time). In case 7 7 is
negative, inefficiency will be increasing through time
(also defined as persistent inefficieRiverancy).

2.2. Data Envelopment Analysis - DEA

A productively efficient firm is the one not able to
increase its production unless some of its inputs are
also increased. By the Malmquist index, such firm
achieves an efficiency score of 1. Similarly, a produc-
tively inefficient firm obtains an efficiency punctua-
tion smaller than 1.

Introduced by Caves et al. (1982) in its empirical us-
age, the Malmquist index do not require costs or in-
come, being capable of measuring increase in TFP in
a scenario of multiple products. For the Malmquist
index definition, we assume that for each period of

Tre=1,..T production technology
5%5% models the transformation of inputs ¥ ‘e RL
x*e RE into products vy eRT V" e RT

time, £ = 1, ...

3) 5 = {{x®, v xt produces v}
5t = f{x", v xt produces v}

Fare et al. (1994) define the output distance function
attime £ t as

@)  DitxtyTIDgxt. ")

Thus, the distance function in relation to two dif-
ferent periods measure the maximum proportional

change required in production to turn ("% ¥*7*)
(x*%¥"1) feasible in relation to technology in pe-

riod & T . Caves, Christensen e Diewert (CCD) (1982)
define Malmquist productivity as

[ P S |
ME(_‘_D _ Dﬂ(x "} )

5) ~ Ditt.y)
D t t+1 t+1
M EED M
Dn {xt, vt

In this formulation, technology at time t T is the
reference technology. Alternatively, Fare et al. (1994)

define a Malmquist index based on period {f + 1)
{t+ 13 55

Mr+:|_ _ D§+1(xr+1i }:t+1)
(6) P DiTMEty)
11_-JIE+1(xr+1J },r+1)

t+1 —
Mff__ﬂ D§+1[x rJ }?r]

In order to avoid an arbitrary benchmark, Fare et
al. (1994) specify the Malmquist index for changes
in productivity as the geometric mean of both CCD
type Malmquist indexes:

) ,_
Mg (x+1, 31, xt, yt) = [(Dﬁ(xtﬂ,}-tﬂ )(D§+1(xt+1,}_-t+1))]i
o » » » =

DECxt, y) DEFi(xt,yt)

Mg(xt*1, yt%1, xt, ) = [(Dﬁ(xt“x}’t“ )(Dﬁﬂ(xtﬂ:}’t“))r

Difxt, yt) DEFi(xe, yt)

An equivalent form to express this index:
8)

1
y (xt_l ot e ‘t) _ Dé"’"(xﬁ",yﬁ") Dé‘(xt+l.'yt+l.) Dt(xt y r)
g 2V XLV )= D:(xt.yt) D:+1(xt+1,yt+1) Dt+1(xt
1
D§+1(xt+1.'),t+1) Dé‘(xt+l.')_.t+l.) [ DEQxt, v)
le“'(xf“',)-‘f“') lle“(xf,)-‘f)

D5t )
In the study concerning industrialized countries,
Fare et al. (1994) observe that this decomposition al-
lows for a measure in which one distinction exists
between technical efficiency components (“catching-
up”) and technology change (innovation), given that
previous works did not distinguish between these

Mo(xt-1,yt+L, x8,t) =
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two components.

The ratios inside the brackets measure changes in tech-
nology dislocations to input levels ¥ “xf gnd xFTrx
, respectively. Thus, changes in technology is measured
as the geometric mean of these two components. The
terms out of the brackets measure technical efficiency

relative tot ¥ and £ +1 £ +1  capturing changes in
efficiency over time, that is, whether production be-
comes closer (catching up effect) or more distant from
the frontier.

Observe that if ¥° = x"1x% = x™1 gpq y* =1
¥¥ =¥ (ie, no input and product change between
periods), the productivity index do not signalize any
change: Mpl)=1 Mp(.) =1 Tmprovements in
productivity result in Malmquist indexes greater than
unity. Similarly, performance deterioration over time is
associated with a Malmquist index smaller than unity.
Besides, improvements in any of the Malmquist index
components are also associated with values greater
than unity of these components; and deterioration is
associated with values smaller than unity.

Finally, Fare et al. (1994) highlight that, while the prod-
uct of the components of efficiency change and tech-
nical change must, by definition, equal the Malmquist
index, these components may be moving in opposite
directions. For instance, a Malmquist index greater
than unity, say 1.25 (which signalizes productivity
gain), could have a component of efficiency change
smaller than 1 (e.g. 0.5) and a change in technology
component greater than unity (e.g., 2,5).

Alternatively, Alam (2001) expresses the Malmquist
index in terms of distances throughout the y-axis,
based on Figure 1:

Figure 1: Malmquist Index

A SZ+1

T S —————— A (f;l :y;’:l)

£ 4

Source: Adapted by the authors from Alam (2001).
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Consider the case of a firm ™ % in period ¢ 1
represented by (e, 32) (65 %) Given that it is lo-

cated under 3: 3¢, this firm is not efficient and its

productive inefficiency is measured by the ratio
OaQa

0bOb. Similarly, the same firm in ++1, denoted by
(xﬁﬂa}’?g“)(xﬁﬂ:}’éﬂ) is efficient in relation to

the frontier S™7* 57 and its inefficiency measure
Oe Oe

is given by 0f 0f .

Malmguist Index =

Ealit

Eali

Given that this index captures the productivity dy-
namics by the incorporation of data from two dif-
ferent adjacent periods, Et+1 Er+1 reflects change in
relative efficiency, while A¢+14:+1 reflects changes

in technology between periodst t andf+1 t+1
As for the index and its components, values smaller
than 1 indicate a decline in productivity (regres-
sion), while values greater than 1 indicate growth

(progress). For the firm ™ M in the example, both
components exceed 1. In terms of technical efficien-
cy, the firm moved to a point closer to the contempo-
rary relevant frontier, indicating that the production
for this firm is converging to the frontier. In terms

of technological change, the frontier, measured at

. [ e S
levels ¥ ¥ ofinputs* X" and* "~ % ", moved be-

tween periodst £ andf+1 t+1 (At +1) > 1)
At +1) = 1) (ALAM, 2001).

3. METHODOLOGY

From LSPA (Systematic Survey of Agricultural Pro-
duction) of January 2007 released by the Brazilian
Institute of Geography and Statistics (IBGE), data
has been gathered for the main Brazilian grain crops
— rice, beans, maize and wheat. Thus, obtained pro-
ductions have been analyzed for each culture (out-
puts), as well as harvested area in acres for each crop
(inputs) annually.
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Additionally, from PAM (Municipal Agriculture Production) and the statistics available at the Ministry of Ag-
riculture, data has been gathered on total quantity (in ton.) produced, harvested area (acres), agricultural credit
(in Brazilian Real) and agricultural limestone (in ton.) for the period 2001 to 2006 for the 26 States of the Federa-
tion and the Federal District, allowing for the creation of regional dummies for the comparative analysis of total
factor productivity.

Initially, data has been analyzed based on the stochastic frontier theory in order to verify gains or losses in ef-
ficiencies over time, expressed by the component 7 7 and the estimated parameters of variables that explain
technical inefficiency. Considering technical inefficiency Hit = [exp(—n(t — T)]u: ie = [exp(—nlz — TD)]u
as varying through time, if 7 M is positive, the value inside the brackets of the exponential term will become

nonnegative and EXP[_"'?':t - T:'] EXP[_T?“ - T:':' will not be greater than 1. This is the case in which Hir Z H;
My = Mi . In other words, technical inefficiency will be decreasing over time (positive effect of technical ef-

ficiency through time). If 7 1 is negative, inefficiency will be increasing. In case 7 71 is null, it is observed
technical inefficiency that does not vary over time (also referred as persistent inefficiency).

In relation to Data Envelopment Analysis and the Malmquist index, Fare et al. (1994) discuss the usage of the
VRS approach in the Malmquist index calculation. By calculating “change in efficiency” in relation to the VRS
frontier, it is obtained the denominated “change in efficiency” and measured changes in production scale by the
ratio between “change in efficiency” and “change in pure efficiency”. Thus, the component change in efficiency
(or technical efficiency) calculated in relation to technology with CRS can be decomposed in a component of
change in pure efficiency (PEC, calculated in relation to the technology with VRS) and, in a component of change
of scale efficiency (SEC), which represents changes in deviations between the CRS and VRS technologies.

Thus,
MalVerqs XerqsVer X3 = Technical Change (TECH)+ Change in Pure Efficiency (PECY = Change in Sca

where
Efficiency Change (EFCHY = Change in Pure Efficiency (PECY+ Change in Scale (SEC)
which can be re-written in the following form:

Growth in TFP = Ef ficiency Change (EFCH) = Technical Change (TECH)

The decomposition of Malmquist index assists in the determination of efficiency or inefficiency sources in a
firm. TECH > 1 TECH > 1 indicates technical progress. EFCH =1 EFCH =1 means the firm is approxi-
mating towards optimal scaleinf +1 £ +1

4. RESULTS AND DISCUSSION

4.1 Stochastic Frontier Analysis for Brazilian Agriculture: Cobb-Douglas Production Function

The results related to the estimation of the stochas-
tic frontier analysis according to a Cobb-Douglas
production function is presented in Table 1. In the
case of a Cobb-Douglas model, the significant vari-
ables were harvested area, agriculture credit and
limestone — all assuming expected signs. The LR
(Likelihood Ratio) statistic, which is a chi-square (
x'2) x'2) distribution under the null hypothesis
that there has not been effects of technical efficiency,
presents significant value to the 1% level, indicating
effects of technical inefficiency in the model.

The greatest elasticity observed is that of harvested
area. This indicates the intense relationship that ex-
ists between production and harvested area, inde-
pendently of the utilization of other factors that, cet-
eris paribus, would contribute for productivity. The
credit variable reveals the second major elasticity,
confirming the importance of agriculture credit to
cover costs and particularly, to execute investments
which responds for the greatest share of the data
analyzed. As expected, assuming positive and infe-
rior elasticity in relation to the other relevant factors,
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limestone contributes for productivity by correcting sole acidity, which assumes a maximizing role for the
potential of productivity already established by the other factors.

The estimate of parameter ¥ ¥ , which measures the variability of the two sources of error (white noise distur-
bance and unilateral error), reached the level of 0.9469. This result means that about 95% of total variance of
composed error of the production function is explained by the variance of the technical inefficiency term. This
represents the importance of incorporating technical inefficiency in production function.

The term relative to technical inefficiency assumes a temporal pattern of behavior represented by the W M sign.
In case this term is positive (negative), technical inefficiency will be decreasing (increasing) in time. If it assumes
anull value, it is considered that technical inefficiency does not vary in time - also called persistent inefficiency.
In the analysis, the term assumes negative value, which indicates that technical inefficiency in Brazilian agricul-
ture, though not predominant, is increasing in time from 2000 to 2005.

Thus, the punctual reduction of inefficiency, which includes the concession of costs credit for income main-
tenance against fluctuations in prices and exchange rates, as well as investment credit for capital acquisition
such as tractors and harvesters will certainly avoid the persistence of increasing inefficiency path in Brazilian
agricultural productivity.

Table 1 — Cobb-Douglas Production Function

Num. of obs =162 Obs. by State: min=6
Num. of States =27 Avg: 6
Max: 6

2 _
Wald ¢, = 645,38

Log likelihood = 15,419691 Prob>c? = 0,0000

Iny Coef. Std. Error z P>z 95% Conf. Interval
lower limit upper limit
b ,(In harvestedarea) 1.0665 0.0536 19.87 o 0.9613 3.4805
F34% -
b.(In credit) 0.8882 0.0395 2.25 0,0113 1.2771
b, (Indefensives) 0.0154 0.0302 0.51 -0.0438 0.8018
b, (Inlim estone) 0.0721 0.7372 4.18 o 0.0382 2.5952
b -1.2327 0.6986 -1.76 * -2.6021 0.1366
0

m 1.3621 0.2784 4.89 o 0.8164 1.9078
h -0.0123 0.0077 -1.60 -0.0274 0.0028
g 0.9469 0.0185 0.8964 0.9735
g 2 0.4073 0.1391 0.1347 0.6800
g 2 0.0228 0.0028 0.0172 0.0283

Source: Research results obtained from gathered PAM and Ministry of Agriculture data for the proposed
stochastic frontier model.
Note: *** significant to the 1% level; ** significant to the 5% level; * significant to the 10% level.
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4.2 Stochastic Frontier Analysis for Brazilian Agri-

culture: Translog Production Function

Assuming a logarithmic transcendental (translog)
technology, the parameters estimates of the produc-
tion frontier and the technical inefficiency compo-
nent are presented in Table 2. The statistically sig-
nificant parameters at the level of 5% are essentially
related to harvested area and agricultural credit, as
well as the measures of regional technical inefficien-
cy expressed by dummy variables. The LR (Likeli-
hood Ratio) statistic presents significant value at 1%
level, indicating effects of technical inefficiency in
the model.

Analyzing the sample on the basis of stochastic fron-
tier theory for the verification of gains or losses of

efficiencies through time, it is observed that the 11 1
component assumes negative sign and is significant
at 5% level. Thus, technical inefficiency is increasing
over time for the analyzed sample. It is important
to emphasize that 7 1 is unique for the analyzed
sample. Thus, this component does not reveal pro-
ductivity specificities for each state.

The coefficient for the mean of the error component

relative to inefficiency, # & , is not statistically signif-
icant, indicating that the semi-normal distribution is
more appropriate in relation to the normal truncated

distribution (¢ =0 £ =10

The positive sign of parameter 5 B: indicates that
the occurrence of technical progress. The indicator

of technical inefficiency, ' ¥ , presents approximated
value of 0,90. This result indicates that 90% of total
composed error variance of the production function is
explained by the variance of the technical inefficiency
term. This reveals the importance to incorporate tech-
nical inefficiency in the production function.

In relation to the dummy variables parameters, they
are all statistically significant to the 5% level. By hav-
ing the Northeast region as reference for presenting
a larger number of observations, it is verified that
all the other regions are technically less efficient in
relation to the reference region. Thus, by classifying
according to the degree of increasing inefficiency,
North region is followed by Southeast region, South
and Center-West, respectively.

The coefficients B Bt and Bet Be: indicate that the
neutral part of technical progress has a positive effect
over production. The signs of the coefficients Bar Sar
, Be: Bee, Boe Boe and Br: Br: indicate, respectively,
that the non neutral part of technical progress moves
inversely with area, credit, defensives and accord-
ingly with limestone. However, these parameters
are not significant at the 5% level. That is, technical
progress tends to diminish the usage of harvested
area, agricultural credit, defensives and, on the oth-
er hand, is associated with the increase of limestone
utilization.

Table 2 — Time-Varying Inefficiency Model (B&C, 1992)

Num. of obs =162

Obs. by State: min=6

Num. of States =27

Avg: 6

Max: 6

Wald ¢ 2

2 | =3638,03

Log likelihood = 46,578465

Prob >c 2 =0,0000

Iny Coef. Std. Error P>z 95% Conf. Interval
lower limit | upper limit

b,(t) 0,5324 0,2963 1,80 |* -0,0483 1,1131

b, (1/2)¢> 0,0094 0,0175 0,53 -0,0250 0,0437

b ,(In harvestedarea) 1,9117 1,8004 239 ™ 0,3428 3,4805

b.(In credit) -2,6287 0,6895 -3,81 | ¥ -3,9801 -1,2771

b, (Indefensives) 0,0022 0,4079 0,01 -0,7974 0,8018
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27

b , (In lim estone) 1,1503 0,7372 1,56 -0,2945 2,5952

b, (1/2)b,b)) -0,3438 0,0810 -4,24 | -0,5025 -0,1849

be (1/2)b.b,) 0,1024 0,0583 1,76 | ** -0,0118 0,2167

b, (1/2)b,b,) -0,0006 0,0323 -0,39 -0,0759 0,0507

b, (1/2)b,b,) -0,0658 0,0693 -0,95 -0,2017 0,0702

b, (tb,) -0,0149 0,0231 -0,64 -0,0602 0,0304
4 4

b, (tb,.) -0,0193 0,0200 -0,97 -0,0585 0,0198
[ adel

b, (tb,) -0,0006 0,0097 -0,06 -0,0196 0,0185
p \*®p

b, (tb,) 0,0189 0,0193 0,98 -0,0190 0,0568
R DR

b 0,1267 0,0577 2,19 | *** 0,0134 0,2399
c

b 0,0180 0,0425 0,42 -0,0652 0,1013
D

b 0,1189 0,0516 3,66 | *** 0,0879 0,2903
&

b -0,0029 0,0239 -0,12 -0,0498 0,0440
[s)

b -0,1518 0,0425 -3,56 | *** -0,2352 -0,0682
®

b -0,0351 0,0413 -0,85 -0,1161 0,0458
R

d, (dummy North region) 0,8565 0,1539 556 | *** 0,5546 1,1582

d, (dummy Southeast 1,0735 0,2525 4,25 | *** 0,5785 1,5684

region)

d, (dummy South region) 1,1111 0,2599 4,27 | 0,6016 1,6206

d, (dummy Center-West 1,2213 0,1893 6,45 | *** 0,8503 1,5923

region)

b 15,1157 5,8720 2,57 | *** 3,6067 26,6246
0

m 0,9707 0,6959 1,39 -0,3932 2,3346

h -0,1290 0,0395 -3,26 | *** -0,2066 -0,0514

hs 2 -1,7685 0,4409 -4,01 | *** -2,6327 -0,9043

ilgtg 2,1697 0,5366 4,04 | ¥ 1,1179 3,2215

g 2 0,1705 0,0752 0,0718 0,4048

0,8974 0,0493 0,7536 0,9616
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s 2 0,1530 0,0756 0,0048 0,3013
u
g2 0,0174 0,0023 0,0129 0,0220
v

Source: Research results obtained from gathered PAM and Ministry of Agriculture data for the proposed

stochastic frontier model.

Note: *** significant to the 1% level; ** significant to the 5% level; * significant to the 10% level.

In Table 3 are presented the statistical tests applied in order to verify the consistency of specific hypothesis
related to the production function frontier adopted in the empirical model.

Table 3 — Log Likelihood Test of Stochastic Production Frontier Parameters

Test Null Hypothesis Value of | Prob> ¢ 2 (l;zcizi\?eri)
V' | H,:b,=b, =..=b, =b, b, =0 | 7 0.0000 Reject H,
2 H,:d =d,=d, =d, 30-67 0.0000 Reject H,
3 H,:t=t"=tb,=tb,=th,=tb, =0 6.23 0.3984 Accept H,

Source: Research results obtained from gathered PAM and Ministry of Agriculture data for the proposed

stochastic frontier model.

The first null hypothesis relates to the adequacy test
of Cobb-Douglas model relative to the less restric-
tive functional form expressed by the translog. Thus,
it is tested the hypothesis that all the second order
coefficients and the cross products are equal to zero.
The value of the log likelihood ratio, 40.71, is greater

than the critical value of the statistic & (11) X(11) with
5% significance level to the right.

Duffy and Papageorgiou (2000) reject the Cobb-
Douglas specification utilizing a data panel for 82
countries in a period of 28 years. Additionally, by ex-
amining the impact of production technology over
technical efficiency, Kneller and Stevens (2003) reject
the specification of the aggregate production func-
tion over the efficiency measures. Thus, translog
production function constitutes a more flexible firm
and is an approximation for any production frontier.
The result of this test is presented on Table 2 rejects
the specification in the form of a Cobb-Douglas func-
tion in favor of the translog specified model.

The second analysis refers to the joint significance tests
of the parameters of the variables that explain technical
inefficiency. The result rejects the hypothesis that the
parameters are simultaneously equal to zero.

The last test examines the stability of the production
frontier in relation to the time variable, that consti-
tutes the presence or not of technology progress in
the analyzed period. Thus, the result of the test ac-
cepts the null hypothesis that there have not been
any of the known forms for the sample and the ana-
lyzed period.

According to the data of the analyzed period, it is
observed that an amelioration of aggregate produc-
tivity exists over time. In a decreasing order, the Bra-
zilian regions that represent greater relative degree
of efficiency were the Northeast, North, Southeast,
South and Center-West regions. This result points
to the new Brazilian agriculture frontiers where
the production of grain crops advances rapidly, fol-
lowed by livestock activity.

Additionally, the most significant inputs that have
contributed to Brazilian agriculture productivity
were land factor, as well as agriculture credit. On the
other hand, the inputs related to agricultural defen-
sives and limestone were not significant to explain
Brazilian agriculture productivity throughout the
analyzed period.

According to the Economic Bulletin by IPEA (Brazil-
ian Institute of Applied Economic Research), consid-
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ering the agriculture years 2000/2001 to 2004/2005,
the sector has increased its debt in R$ 41,8 billion
solely due to investment credit, constituting half of
the total agriculture credit. The investment credit
differs for not having annual cycle as credit destined
for covering costs destined to cover normal expenses
of production cycles. It is cumulative and exerts sig-
nificant importance in the analysis of behavior in the
agriculture sector.

For illustration purposes, considering only the agri-
culture years 2003/2004 and 2004/2005, the sector has
contracted additional debt of R$20,9 billion, only on
investment rubric - almost the same value of credit

for costs which was, on average, R$ 22 billion (B.
CONJ. IPEA, 2005). Thus, agriculture credit inserted
in the model is an adequate and relevant proxy for
the representation of machinery in the contribution
of productivity in Brazilian agriculture.

4.3 Data Envelopment Analysis (DEA): Malmquist

Index

Utilizing data from LSPA/IBGE for the main grain
crops in Brazilian agriculture - rice, beans, maize,
soybeans and wheat — the following results have
been obtained according to Table 5.

Table 5 — Total Factor Productivity Means and its Components, Grain Crops, Brazil (2001-2006)

. Technical Efficiency Change .
(TECH) (EFCH) (PEC)

Rice 1.152 1.270 0.907 0.930 0.975
Beans 1.303 1.270 1.027 1.013 1.013
Maize 1.300 1.270 1.024 1.020 1.004

Soy 1.262 1.270 0.994 0.970 1.024
Wheat 1.218 1.270 0.959 1.001 0.958
Mean 1.246 1.270 0.981 0.986 0.995

Source: Elaborated by the authors.

In the period from 2001 to 2006, PTF in main Bra-
zilian grain crops increased 24.6% according to cal-
culation of Malmquist indexes. The component of
this growth was the technical change index, which
increased 27%. On the other hand, the component
referring to efficiency change declined 1.9% during
the period. Thus, it is considered that the effect of
technology innovation during the period in study
has been more expressive than effect in efficiency
change for the analyzed crops.

Among analyzed crops, beans were the culture that
underwent the greatest increase in TFP (+0.30%)
during the observed period. In addition, it 5% is
analyzed that the principal component of such TFP
increase was technical change (+27), since growth in
efficiency responded for only 2.7% of TFP elevation.
Decomposing the EFCH index, it is verified that the
indexes of pure efficiency change and scale change
have responded for 50% of the underlying index in-
crease, given the 1.3% growth for both.

Maize culture was the crop that obtained the sec-
ond largest rise in TFP during the analyzed pe-
riod. It is observed that its increase of 30% in the
Malmquist index is predominantly due to technical
change, which incurred an increase of 27%, simi-
larly to global mean of data in study. However, the
component of technical efficiency did not suffer a
regress, but a 2.4% increase. Among its subcom-
ponents, the elevation of the EFCH index occurred
mainly due to change in pure efficiency, which pro-
gressed 2%, while the change in scale component
suffered a 0.4% increase.

It is also observed that the soybeans culture suffered
the third major increase in TFP (+26,2%), in which
index of technical change was predominant over
change in efficiency. However, in contrast to the
soybeans culture, there has been a regress in change
in efficiency (-0.6%). It is verified that such decline
in this component occurs due to the regression of
change in scale, which presented a 3% decline, and
not because of alterations in the component refer-
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ring to scale change, which obtained a 2.4% growth
during the study period.

Additionally, the wheat crop obtained the 4th major
elevation in TFP (+21.8) throughout the observed pe-
riod, in which effects occurred exclusively by effects
in technical change, in which technology innovation
is implicit, which in turn obtained a 27% progress,
corresponding to the mean of crops in study. How-
ever, there has been efficiency change for this culture
throughout the analyzed period (-4.1%). Among its
components, the regression in this item occurred
due to changes in scale, which suffered a decline of
4.2% during the years from 2001 to 2006. In different
circumstances, an amelioration or stability in this in-
dex would have been verified, since the component
referring to change in pure efficiency for the wheat
crop obtained a 0.01% progress.

It is observed that, among main Brazilian grain
crops, the rice culture suffered the smallest growth
in TFP between 2001 and 2006 (+15.2%). Similarly to
other crops, a progress in technical change (+27%)
is observed. However, the regress in the index re-
lated with change in efficiency was the most expres-
sive between the analyzed grains (-9.3%), being the
unique culture to suffer a decrease in pure efficiency
(-7%) and change in scale (2.5%).

Thus, all main Brazilian grain crops incurred in
progress by the index referring to technical change.
In other words, it is observed the dislocation of the
technology frontier, once detected that, on average,

the product of a crop at t+1 £+ 1 s greater than
the potential maximum product that could have

been obtained at ¥ £ in relation of production fac-
torsof t+1t+1

The component that negatively influenced in the
Malmgquist index performance verified in the cul-
tures of rice, soybeans and wheat relates to change in
efficiency. Given that this component of “change in
efficiency”, calculated in relation to CRS technology,
can be decomposed in changes in “pure efficiency”
and “changes in efficiency”, it is observed that all
crops experience regress either in “pure efficiency”
only — change in efficiency in relation to the VRE
frontier, as is the case of soybeans - or solely the re-
gress in “scale change” — ratio between change in ef-
ficiency and change in pure efficiency, representing
alterations in deviations between technologies CRS
and VRE - as occurred with the wheat culture. How-
ever, exception is verified for rice culture in which

both types of regress related to changes in efficiency
occurred.

From Tables 6, 7 and 8, we verify the annual TFP
evolution and its principal components — efficiency
change (approximation to the frontier) and techni-
cal efficiency (innovation) — for each crop, analyzing
changes particularly among the last studied periods
(2005/2006).

Table 6 — Total Factor Productivity, Grain Crops,
Brazil (2001-2006)

Year Rice Beans  Maize Soy Wheat
2002 0.719 1.113 1.327 1.310 1.297
2003 1.538 1.194 4.057 2.720 3.498
2004 2.407 1.802 0.644 1.235 0.987
2005 1.445 1.504 1.153 0.878 0.757
2006 0.526 1.045 0.929 0.830 0.790

Source: Elaborated by the authors.

Table 7 - Efficiency Change, Grain Crops, Brazil
(2001-2006)

Year Rice Beans  Maize Soy Wheat
2002 0.649 1.005 1.198 1.182 1.171
2003 0.414 0.321 1.091 0.731 0.941
2004 2.666 1.996 0.714 1.367 1.093
2005 1.397 1.454 1.115 0.849 0.732
2006 0.614 1.218 1.084 0.967 0.921

Source: Elaborated by the authors.

Table 8 — Technical Change, Grain Crops, Brazil
(2001-2006)

Year Rice Beans  Maize Soy Wheat
2002 1.108 1.108 1.108 1.108 1.108
2003 3.719 3.719 3.719 3.719 3.719
2004 0.903 0.903 0.903 0.903 0.903
2005 1.034 1.034 1.034 1.034 1.034
2006 0.858 0.858 0.858 0.858 0.858

Source: Elaborated by the authors.

From the presented tables, it is observed that only
the culture of beans increased in its TFP from 2005 to
2006. We analyze that efficiency changes surpassed
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the negative performance of the component related
do innovation. On the other hand, maize culture was
the sole crop besides beans that obtained an increase
in the component related to change in efficiency.
However, this progress did not compensate the de-
cline suffered by the technical change index.

Thus, taking into account the hypothesis that firms
mark-ups are positively related to productivity, the
crops of rice, wheat, soy and beans incurred in the
largest declines in mark-up in 2006 - mainly due to
technological issues but also significantly affected
by efficiency. For the last two periods, the largest
and only mark-up increase is observed for beans.
Following Sumanth (1985), since the productivity
has grown at a larger velocity (in this case, due to ef-
ficiency change) than other crops, mark-up increase
for beans has been favored due to lower costs that
are not entirely transmitted to consumers.

A general decline in technological change certainly
affected mark-ups negatively for all grain crops in
Brazilian agriculture. Therefore, the manner in which
farmers could maintain and increase their mark-ups
has been either by exports, since higher mark-ups
can be charged due to the presence of trade costs,
or increase in efficiency that affects mark-ups to all
markets. Assuming that commodity producers are
essentially price takers, total factor productivity is
the ultimate form of cost decrease and opportunity
for greater mark-ups both domestically and abroad.
However, in 2006 in particular, technology has not
been able to function as a tool for cost decrease and
mark-up increase in the agriculture of grain crops
in Brazil.

Common evidence to all analyzed cultures is the
decline in technology component in 2006 as con-
sequence of agriculture crisis and its indebtedness
which affected mainly grain crops, thus interfering
in the acquisition of inputs such as machinery and
fertilizers that would represent technology innova-
tion captured by this component in Malmquist in-
dex for increase in productivity.

According to IPEA, the increase in indebtedness
occurred because of two conditions satisfied: ex-
cessively optimistic expectations in relation to the
future and a generous supply of credit given the un-
derlying business risk. The optimistic expectations
were on the basis of increase in commodities prices
that coincided with exchange rate devaluation, seen
as a permanent phenomenon with the end of anchor
currency in 1999 and Chinese economic growth.

On the other hand, the expansion of agricultural
frontier especially in the Center-West for the grain
crops was covered by credit from private and pub-
lic banking institutions, as well as by product sup-
plier firms. The crop expansion was associated with
a high indebtedness of producers in the short and
long term, inducing the financial system to restrict
industry’s access to new borrowings, interfering in
maintenance of the current level of activities and,
therefore, reflecting on acquisition of new technolo-
gies for productivity increase (B. CON]J. IPEA., 2005,
2006, 20064, 2007).

Nonetheless, even with government intervention by
renegotiation of farmers’ debts in 2006, accumulated
debts continue to slow a new expansionary leap in
activity that would be verified by positive techno-
logical indexes, depressing the potential capacity
for growth and making new investments unfeasible
both for the incorporation of new areas and for capi-
tal seeking productivity increase. Thus, the nega-
tive performance in 2006 in technology change for
all cultures is evidenced by downfall in agriculture
inputs usage such as fertilizers and limestone (B.
CONJ. IPEA., 2005, 2006, 20064, 2007).

5. CONCLUSION

In this paper, the technique of Stochastic Frontier
Analysis has been applied for the estimation of in-
crease or decrease in inefficiencies through time, as
well as the linear programming method Data Envel-
opment Analysis and Malmquist index for the anal-
ysis of TFP sources for the Brazilian crops of beans,
maize, soybeans, wheat and rice — considered the
main grain crops in Brazil — throughout the period
that comprehends the years from 2001 to 2006, the
most recent data available.

According to the Cobb Douglas model, we verify that
the greatest elasticity observed is that of harvested
area, followed by credit variable, confirming the im-
portance of agriculture credit to cover costs and, par-
ticularly, to execute investments which responds for
the greatest share of the data analyzed. As expected,
assuming positive and inferior elasticity in relation
to the other relevant factors, limestone contributes
for productivity by correcting sole acidity, which as-
sumes a maximizing role for the potential of produc-
tivity already established by the other factors.

In the stochastic frontier analysis for the Brazil-
ian agriculture, assuming a Translog technology, it
is observed no increase in aggregate productivity
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throughout the analyzed period. In a decreasing or-
der, the Brazilian regions presenting the highest rel-
ative degree of efficiency were the Northeast, North,
Southeast and Center-West. This results points to
the new Brazilian agricultural frontiers where grain
crop production advances rapidly, followed by live-
stock activity.

Additionally, the most significant inputs that contrib-
uted for Brazilian agriculture productivity were land
factor, as well as the agriculture credit — the latter be-
ing an adequate and relevant proxy for representa-
tion of machinery in the contribution for Brazilian ag-
riculture productivity. On the other hand, the inputs
related to agricultural defensives and limestone were
not significant to explain Brazilian agriculture pro-
ductivity throughout the observed period.

On the other hand, the Malmquist indexes revealed
clarifying results for independent crop analysis. In
relation to the means throughout the study period,
it is observed that major TFP changes occurred, in a
decreasing order, for the cultures of beans, maize,
soybeans, wheat and rice. Although the mean varia-
tions have indicated positive TFP changes, when an-
alyzing changes between the years of 2005 and 2006,
it is verified a decline in the component representing
technology innovations for all major Brazilian grain
crops, jointly with the loss of productive efficiency
for all cultures, excepting beans and maize.

Thus, taking into account the hypothesis that firms
mark-ups are positively related to productivity, the
crops of rice, wheat, soy and beans incurred in the
largest declines in mark-up in 2006 - mainly due to
technological issues but also significantly affected
by efficiency. However, only the beans crop assumed
positive variation in its TFP, since it was the only cul-
ture among principal Brazilian grain crops in which
efficiency gain surpassed the negative effect of tech-
nology use. The generalized decline in the technol-
ogy component can be explained by the indebted-
ness crisis in agriculture that affected particularly
grain crops in 2005/2006, generating a downfall in
the employment of agriculture inputs and interfer-
ing negatively in the maintenance of current level
of agriculture activities in Brazil and, especially, as
observed for the grain cultures analyzed.
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