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Resumo
Neste estudo avaliou-se a eficiéncia técnica dossgados brasileiros nos anos 1995/96 e

2006. Os dados de terra e trabalho utilizados fomsmcensos agropecuarios dos
respectivos anos e a informacgéo de custeio e témsn obtidos no Banco Central. Para
a analise dos dados foi usado um modelo de franésitocastica, com ajuste aos dados de
99% de correlacdo entre os valores observados wsia®e Os resultados mostram o
Distrito Federal como o estado com maior eficiériéenica no ano de 2006 (0,95) e o
segundo melhor em 1995/96 (0,89). O resultado baii® foi para o Piaui em 2006 (0,26)
e para o Tocantins em 1995/96 (0,22). A elasti@dadculada mostra que ao aumentar em
1% a rendger capita a eficiéncia técnica aumentaria em 0,77% paegio Nordeste,
em 0,76% para a regido Norte, 0,59% para o Cerggie) 0,56% para a regido Sul e
0,49% para a regiao Sudeste.

Palavras-chave: Eficiéncia técnica, Fronteira estocastica de pgéadu Elasticidade,
Agricultura; Estatisticas rurais e agropecuarias.

Abstract

In this study we assessed the technical efficieoicghe agricultural sector in the 27

Brazilian states in the years 1995/96 and 2006. ddta on land and labor were obtained
from the agricultural census of the two considerears. Data on credit for investment and
running costs were obtained at the Brazilian CérBank. In the analysis we used a
stochastic frontier model. The model adjusted th dvith 99% of correlation between

predicted and observed values. The results showitDiEederal with the highest technical
efficiency in agriculture in 2006 (0.95) and thecaed highest in 1995/96 (0.89). The
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lowest technical efficiency was found in Piaui 08 (0.26) and in Tocantins in 1995/96
(0.22). The estimated elasticities show that ireesaof 1% inper capitaincome would
increase the technical efficiency by 0.77% in thatN, by 0.76% in the Northeast, by
0.59% in the Central-West, by 0.56% in the Soutthlan0.49% in the Southeast region.
Key Words: Technical efficiency, Stochastic frontier prodoati Elasticity, Agriculture,
Rural Statistics.
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1. INTRODUCTION

Brazil is one of the most important countries inatien to agribusiness.
Agribusiness represents about 25% of Brazilian GE#? of exports in 2008 and 37% of
jobs in 2008.

The objective of this study was to determine trodécal efficiency of agriculture
and livestock production of the 27 Brazilian stat&sce there are regional variations
regarding the way the agribusiness is organizeBrazil, it seems to be plausible that the
technical efficiency shall differ from state to tstaThe topic is delicate, since there are
considerable differences among states. The Humael@@ment Index (HDI) in 2005 had
considerable differences. Distrito Federal (0.878anta Catarina (0.840), Sdo Paulo
(0.833) and Rio de Janeiro (0.832) are states Wwgher HDI, while states like Alagoas
(0.677) and Maranh&o (0.683) have lower HDI (IDBQ2).

The states of the South and Southeast historicatigh more recently, the Central-
West use more technology, such as improved veasiaifeplants, fertilizers, irrigation
(Central-West), mechanization and chemicals. Beazihgriculture differs regionally, due,
primarily, to the differences in geographical arsach as climate and natural resources,
and thus production characteristics. For exampl&aduth region soybeans, maize, poultry
and pork have particular significance, but in Nerthregion, rubber (hevea), nuts, wood
extraction is important. These regional differencesise different technical efficiency
among regions. Thus, because of the peculiarinesdifferences of the states among the
regions, further analyses were necessary.

For our analysis, production data were extractedhfthe agricultural census of
1995/96 and 2006. Together with production datigrimation on official credit used by
farmers for investment and running costs in botmtineed years. We used a stochastic
frontier model to estimate the technical efficienafythe agricultural sector in the 27
Brazilian states, in the years 1995/96 and 200& [Merature on technical efficiency
measures has some examples of studies using siocfrastier models to assess the
efficiency of agricultural activities, considerimggional aggregation levels. In this frame,
studies like Chen and Song (2008), Onishi et aD0®, Kaneko et al. (2004),
Bhattacharayya and Parker (1999), Battese and Bi®9¥), Hofler and Payne (1995) can
me mentioned.

This paper is organized in five sections. Followthg introduction, the stochastic
frontier analysis is described. Next, data andrtkeurces are described. The last two
sections cover the results of this study, and lim#he conclusions.

2. STOCHASTIC FRONTIER ANALYSIS

Basically, two approaches are available in thedttee about efficiency analysis:
the stochastic efficiency frontier analysis and tregerministic frontier analysis. In the
context of deterministic frontiers, Data Envelopmé@malysis (DEA) is by far the most
used technique.

With a single output, for the stochastic frontigpically, one specifies a parametric
log cost functionC(In p,In y,6) dependent on log factor input pricksp and log output
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level Iny, and postulates the model (1), for cost dgtafor a panel ofN producing units
andT time periods.

InC, =C(In p,,Iny.,8)+y+y =L .. N EL .. (1)
For a production function one specifies (2), fay ioputsin x.
Iny, =f(nx.0)+y -y (@)

In these formulationsg is an unknown paramete€(.) and f(.) have known
functional forms, and the stochastic componentsand u, represent random errors and
inefficiency errors, respectively.

Typical parametric log cost families are providedtbe Translog form (Coelli et
al., 2005), the CES (Gallant, 1982), and the Fouflexible Form (Gallant, 1982). The
latter endows the analysis with nonparametric priogse The random errors, are
assumed to be uncorrelated across time and pamehamally distributed with mean zero
and variances,” >0. A flexible family of distributions to model the, (Kumbhakar and
Lovell, 2000; Coelli et al., 2005) is provided lyrication of the normal.

In this context one may postulate = z,0+ w, where z, is a vector of specific
inefficiency variables (covariates)) is a vector of unknown coefficients of the firm
specific inefficiency variables, and, is the truncation atz J of the normal with mean
zero and variance’. Here we use the production function approacheke will follow

the production approach using the Cobb-Douglasesgmtation (3), which leads to (4),
wherea =Inég,.

Yo = 6,5 %52 % % exp(y )expt yi ) 3)
Iny, =a+6Inx, +6,Inx, +8,In x, +8,In x, + y— (4)

As Coelli et al. (2005) put it, much of stochastificiency analysis is directed
towards the prediction of inefficiency (efficiencgffects. The most common output-
oriented measure of technical efficiency for fioms estimated in the stochastic frontier
case by (5), where, =q, ~ W6, 4, =(-§ G +14,0)/ 0% th = 30,08 =07+0},0.=
=o,0,l0;.

L-®(o. -p,la))

E[eXp(—qt ) |g|t] :{ q)(:u*it /0;)] exp(—/J*it + 0.67 )
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Assuming a normal-truncated normal specificatioa ffarameters are obtained
maximizing the log likelihood function (Battese arm@belli, 1995) as in (6), where

d, =4 /0, .d =, /o ,a =g,0,/0;.

ST LY {mem @} 33 {in@n+ inwt )
IO (CRT R IS ©)
2 n e n@d) - (d)]

A convenient model re-parameterization, makipg Jj/aé, leads to the log
likelihood as a functionL(B,d,y,0%), where o’ = yoi, o’ =y(l-y)ol. A classical
production model is implied by =0.

The elasticity for firmi in periodt relative to a contextual variable measured in logs
with parameter estimateis computed using the formula (7).

b(l_ d, (d,)(ch) +[A q)]Zj -

[(d,)]’

3. DATA

In this model we used the value of agriculturalduction as dependent variable
and land, labor, capital and running costs as ieddents variables.

The data on value of agricultural and livestockdoation of all 27 Brazilian states
in the years 1995/96 and 2006 was used. The twis yearespond to the two last available
agricultural census data in Brazil. The output afale used was the total value of Brazilian
agricultural and livestock production in the yed@95/96 and 2006 (total value of
production, in R$). The inputs of the model wedalk land area used (planted area, in
hectares), labor force (employment in agriculturel divestock, number of persons),
investment and running costs (in monetary valug, R$

The data on area, labor force and value of prodnctvere obtained from the
agricultural census (IPEA, 2008). Credit data orestments or capital and running costs
or other inputs were extracted from the “Anuériesaisticos do Crédito Rural” (BACEN,
1995, 2006), representing all official credit takiey farmers in all 27 states in the two
years of consideration.

The credit for running costs includes annual exganes on annual and permanent
crops, as well as livestock. Those expenditures umed for maintenance and field
operations and for livestock related activitiese3@& expenditures include costs of seeds,
fertilizers, pesticides, and field operations. livestock production, the running
expenditures include maintenance of pastures, nascsalt and medicaments. Depending
on the state, the running expenditures for aguceltand livestock are composed by
different crops and livestock types.
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Agricultural credit for running costs of livestodctivities include the costs of
keeping wild animals, bee keeping, poultry, catbleffalo, goats, rabbits, horses, sheep,
fishery, pig, pastures, vaccines, mineral saltsraadicaments.

Agricultural investments include several items amghetary units are related in R$.
The establishment of perennial crops, the renomatioplantations, the improvement of
agricultural enterprises, rural electricity, stagdguilding, machinery and implements are
among the items covered by credit for investmemtlidestock production, the official
credit for investment covers the acquisition of quction animals (domestically or
imported).

4. RESULTS

For the analysis all variables were measured inféogn. The actual model used
postulates a linear relationship between the lothefagricultural productiop and the log
of the inputd, k, t, andc, denoting labor, capital, land and other inpugspectively.

Table 1 shows the statistical results of maximukelihood estimation of the
stochastic frontier model using Stata 10.1 software

Table 1. Stochastic frontier estimation.

Coefficient Standard error z P>|z] [95% Confidence interval]
Production y)
Labor () 0.3238 0.0442 7.33 0.000 0.2373 0.4103
Capital k) 0.1413 0.0529 2.67 0.008 0.0376 0.2449
Land ¢) 0.2672 0.0286 9.34 0.000 0.2111 0.3232
Other Inputs ¢)* 0.2633 0.0470 5.60 0.000 0.1712 0.3554
Constant -0.9182 0.4623 -1.99 0.047 -1.8243 -0.0120
Technical effect
| (GDP pc) -0.7699 0.1114 -6.91 0.000 -0.9881 -0.5516
constant 1.8278 0.2726 6.71 0.000 1.2935 2.3620
sigma_S2 0.0604 0.0396 0.0921
gamma 0.4627 0.0319 0.9574

*Qther inputs are running costs for expendituresnual and perennial cultivates and livestock.

The likelihood ratio test statistic for the joinggothesis implying the presence of
HDI (Human Development Index), time, and regiorfe¢ées has a value of 7.15 withpa
value of about 31%. For this reason we droppedH&g and all the other categorical
variables, and use the more parsimonious modeéptred in Table 1.

Table 1 also shows that a 1% increase in diffeneptits would have different
impacts on production: in capital the gains in prciébn would be 0.14%eteris paribus
in labor 0.32%, in land 0.27%, and in other ingu&6%.

Figure 1 represents the results of the stochastitier model. We can see clearly
differences in efficiency, being the Southeast &wodith the two most efficient regions,
followed by the Central-West region. In all regiotiee technical efficiency changed
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between 1995/96 and 2006. However, the biggestigaefficiency can be observed in the

Central-West region.

STOCHASTIC FRONTIER
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Figure 1. Results from the stochastic frontier model. Ye&@95/96 and 2006.

Table 2 shows statistics (stochastic efficiencynesties) computed as a function of
model parameter estimates. The Pearson correlé@tween observed and predicted
values is about 99%, indicating a good fit for frentier model. The 95% confidence
interval for the parametey suggests a technical components model. The meahastic

technical efficiencies for each state are showthigtable. Considering an average of both
analyzed years, the most efficient state is SadoR&O3) and the least efficient is Piaui
(0.25). The Southeast dominates, followed by SoG#mtral-West, North and Northeast.
The dominance of the Southeast and South overttier cegions is strong. These results
are somewhat expected and serves the purposeherfualidation of our model.
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Table 2.Rank of stochastic technical efficiencies.

States Region 1995/96 | States Region 2006
Séo Paulo Southeast 0.9040 Distrito Federal Central-West  0.9529
Distrito Federal Central-West 0.8898 | | S&o Paulo Southeast 0.94p7
Amapé North 0.8142| | Rio de Janeiro Southeast 0.8773
Santa Catarina South 0.8125| Espirito Santo Southeast 0.85)/1
Rio de Janeiro Southeast 0.8018 Santa Catarina South 0.8426
Rio Grande do Sul South 0.7538| Parana South 0.8113
Espirito Santo Southeast 0.7387| Rio Grande do Sul South 0.7971
Parana South 0.685Y | Mato Grosso Central-West  0.7937
Amazonas North 0.6814 | Minas Gerais Southeast 0.6720
Minas Gerais Southeast 0.5947| Goias Central-West  0.6632
Mato Grosso do Sul Central-West0.5900 | | Mato Grosso do Sul  Central-West  0.6599
Pernambuco Northeast 0.4811| Amazonas North 0.6004
Goias Central-West 0.4716 | | Rond6nia North 0.5953
Acre North 0.4538| | Amapa North 0.5454
Mato Grosso Central-West 0.4445 | | Pernambuco Northeast 0.5075
Alagoas Northeast 0.4261 | Roraima North 0.5021
Para North 0.3821) | Acre North 0.4929
Rondénia North 0.3804 | Rio Grande do Norte Northeast 0.4877
Rio Grande do Norte Northeast 0.3748 Bahia Northeast 0.486P
Ceara Northeast 0.3748 | Para North 0.4732
Paraiba Northeast 0.3634 | Sergipe Northeast 0.4661
Bahia Northeast 0.3412 | Alagoas Northeast 0.4408
Sergipe Northeast 0.3351 | Ceara Northeast 0.4373
Roraima North 0.3206 | Paraiba Northeast 0.4282
Piaui Northeast 0.2443 | Tocantins North 0.4247
Maranhao Northeast 0.2441 | Maranhéo Northeast 0.3098
Tocantins North 0.2215 |Piaui Northeast 0.2619
8
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The chi-square test for constant returns to sdatk (+t+c=1) has ap-value of
90%, non significant. Although the confidence imtds for all input variables do intercept,
the pair wise Wald test of equality indicates ttiet labor () elasticity is stronger than the
capital k) elasticity p-value 0.02), and the capital elasticity is weak®ent the land
elasticity €) (p-value 0.03). The difference between labor and kladticities is marginal
(p-value 0.10). No other pair wise comparison wasisagmnt.

As shown in Tables 3 and 4, the average incparecapitaelasticity over all states
and years is 0.67 with a standard error of 0.1 Mimimumper capitaincome elasticity
is 0.05, and the maximum 0.77. States highly effitihave smaller income elasticities.
This means, that a 1% increase par capita income will increase the agricultural
production in wealthier states like Distrito Feddyg only 0.14%, but can achieve up to
0.77% in those states with lower technical efficien

Table 3.Average elasticities by state, in descending order.

States Average elasticity
Distrito Federal 0.1383
Séao Paulo 0.2701
Rio de Janeiro 0.4020
Rio Grande do Sul 0.5043
Santa Catarina 0.5253
Espirito Santo 0.5589
Parana 0.6479
Amazonas 0.6689
Mato Grosso 0.7069
Minas Gerais 0.7359
Mato Grosso do Sul 0.7470
Goias 0.7601
Amapa 0.7618
Roraima 0.7668
Rondbnia 0.7689
Sergipe 0.7697
Tocantins 0.7698
Acre 0.7699
Alagoas 0.7699
Bahia 0.7699
Ceara 0.7699
Maranhao 0.7699
Para 0.7699
Paraiba 0.7699
Pernambuco 0.7699
Piaui 0.7699
Rio Grande do Norte 0.7699
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Table 4. Average elasticities per region, in descendingnord

Region Frequency Average elasticity
Southeast 8 0.4917
South 6 0.5592
Central-West 8 0.5881
North 14 0.7537
Northeast 18 0.7699

6. CONCLUSIONS

We fitted a stochastic frontier model to state @agtural production data in Brazil.
The fit was very good as measured by a correlatfoabout 99% between observed and
predicted values. The technology seems to showta@atnieturns to scale.

The model also includes a statistically significaointextual inefficiency effect
defined byper capitaincome. The averagper capitaincome elasticity is 0.67 with a
standard error of 0.17. The income variable is uaged proxy for infra structure and
technology assessment. We find stronger elassaitisults for labor, other inputs (running
costs) and land.

Southeast and South states are significantly mtreiemt than other states on
average. Sao Paulo, Distrito Federal, Rio de Jan8anta Catarina, Espirito Santo, Rio
Grande do Sul and Parana are the most efficietésstaith product oriented technical
efficiencies over 70% well above the other states.

These empirical results suggest one important ricpdiThere are significant
possibilities to increase efficiency levels in Bragriculture production, especially in the
Northeast and North Region.

Finally the results indicate the diversity of thmes of efficiency among regions.
This suggests that the considerable variabilityregfions in climate, natural resources,
irrigation, etc. (infrastructure, agro industriesan have different impacts on efficiency in
Brazil agricultural production in different regians
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