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Abstract: This paper investigates the evolution of agrimat sector total factor productivity (TFP) in
each of Brazil's 27 states from 1975 to 2006 analyaes the effect of TFP on regional agriculture’s
economic growth over that period. TFP was calcdlaising a translog panel data estimation of a
stochastic frontier analysis model. The TFP effeas subdivided into technical progress, allocative
alterations, scale effects, technical efficiencyl aandom shocks. Agricultural economic growth was
subdivided into change in capital stock, laboryvbated land hectarage, and TFP. Results suggdst tha
over recent decades, TFP growth was not homogersmoosg the Brazilian states and that technical
progress was essential to the growth of agriculfpn@duction at the state level.

Key words: Brazilian agriculture, total factor productivitgconomic growth

Resuma Este trabalho estimou a produtividade total aderés (PTF) para a agricultura brasileira por
meio de uma funcédo translog com dados em painézando um modelo de fronteira estocastica. O
principal objetivo foi investigar a evolucdo da P& periodo 1975-2006 nos estados brasileiros e no
Distrito Federal e analisar a influéncia da PTHsabcrescimento econémico da agricultura. O efddto
PTF foi subdividido em progresso técnico, efici@naiocativa, efeito escala, ineficiéncia técnica e
choques aleatérios. As conclusdes apontaram quesgimento da PTF ndo foi homogéneo entre os
estados e que o progresso técnico foi fundameatalgxpandir o potencial de crescimento da aguiult
brasileira.

Palavras chave:agricultura brasileira, produtividade total do®fas, crescimento econémico
Area 10 - Economia Agricola e do Meio Ambiente

JEL classification: Q10, Q19, 047

1. Introduction

Historically, the agricultural sector — includingrining input, farming output, agro-industries, and
distribution — has had a significant role in theaBlian economy, not only by keeping domestic food
prices relatively low but also by attracting sigeéint amounts of foreign currency investment.

In 1994, seeking to end a period of hyperinflatiBrazil's government created th@lano Real’

a monetary plan for economic stabilization. Hiano Realused two price anchors to dampen inflation:
high actual interest rates and an overvalued exgghaste. Economists informally consider that thenpl
used three anchors, with the third being Brazifisiailtural sector, the “green anchor:”. At the éim
Brazilian agricultural production was growing rapicas was international demand for agricultural
products. It was thought that this rising agrictdtyproduction would keep inflation in check by kew
domestic food prices low. Despite the success eof rttonetary stabilization plan, overall Brazilian
economic growth in the 1990s was very low.

! The agribusiness sector (that includes the aguiall and livestock activities, and factories, &ng, transportation,
processing, industrialization and logistics) acdeuior roughly 25% of the Brazilian GDP and approately 40% of all
Brazilian exports.



From 1990 to 2000, Brazilian average annual GDRvtjraneasured in the local currendye@is
was 1.9% while Brazilian average annual agricult@B®P growth was 3.1%. These figures and the fact
that Brazilian prices stabilized over the 1990sficonthe importance of Brazil’s agricultural sectorthe
country’s economy, both as a inflation control meukm and as a major contributing factor to ecogomi
growth.

Figure 1 illustrates the evolution of total BraailiGDP and Brazilian agricultural GDP from 1980
to 2008. The Figure shows that Brazilian GDP’s agerannual growth rate over the period was 2.8%
while the country’s agricultural sector’s growtheaaveraged 3.8%.
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Figure 1. The evolution of Brazilian Total GDP aBdazilian Agricultural GDP — real percentage
variation — 1980 to 2008
Source: IPEA (www.ipeadata.gov.br)

Results from an analysis by Barros et al. (2006)hef dynamic effects of supply and demand
shocks on Brazilian agriculture suggest that Biamitegration with external markets was importent
continuous agricultural sector modernization. Thehars proposed a theoretical model based on
Blanchard and Quah (1989) that associated prodiyctiuth supply shocks. Their econometric model
used the well-known Bernanke procedure for StrattMector Auto Regression (SVAR) to estimate the
shocks. Their estimations were that between 50%68684 of the agricultural output forecast variange i
due to productivity shocks and 20% of agricultymates forecast variance is due to crop yield shock

Bonelli and Fonseca (1998) estimated Braziliancadral TFP from 1971 and 1996. They found
that between 1979 and 1984 the annual agriculitf¥&l growth rate was 4.5 to 5%, with the exceptibn o
a near zero rate in 1982 and that from 1990 to 1886growth rate was always positive, althoughs les
than 5% per year. They also discerned three ydastrang reduction in the annual TFP growth rate:
1978, 1986 and 1988Based on research carried out by Gasques ande{t@nc(1997), we updated
Brazilian agricultural TFP to the end of 2005 andrfd that there have been no relevant changesin th
behavior of the data.

Gasques et al. (2009) used the Torngvist index uidd ba TFP historical series of Brazil's
agricultural sector from 1975 to 2008 (Figure 2)eif results show strong TFP growth (244%) over the
period, which led to robust growth in agricultupabduction. This TFP growth, according to the atgho
resulted from implementation of a rural credit pgliand investment by both universities and the
Brazilian Agricultural Research Corporation (Emlapm research to develop new technologies.

2 Brazil's agricultural GDP fell 8% In 1986,
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Figure 2. The Evolution of Brazilian Agriculture P~ Index (1975 = 100) — 1975 to 2008.
Sources: Gasques et al. (2009)

Our paper presents results from a stochastic &prnalysis of the determinants of Brazilian
agricultural TFP at the individual state level. &8s analysis is the first to use stochastic fremti
methodology to decompose components of economiwtgro the Brazilian agriculture sector and the
first to take the analysis to the state levelddsnew data to help explain Brazil’s agricultieabnomy.

The next section, Section 2, contains a brief r@wé some literature relevant to the evolution of
Brazilian agriculture. Section 3 presents the methagy, data and sample used in this study. Reatdts
presented in Section 4, and our conclusions aengiv Section 5.

2. Literature Review

Technological innovations throughout the™2Gentury have allowed agricultural production to
grow more rapidly than demand. This was first wssed in the developed world and is now found in
many developing countries (Antle, 1999). Technatabinnovation models applied to the agricultural
sector fall into four general categories: modelkst thddress the (1) generation and disseminatioa of
technology, (2) the importance of product or precesovations, (3) the magnitude of a technology’s
impact of on productivity, (4) and the compatilyilif the technological package with the producit®r
production (Bacha, 1992).

As opposed to many other economic sectors, aguieldt share in an economy trends downward
over time; however, an analysis by Johnston andaviél961) found that there is not a dichotomy
between agriculture and other economic sectorss @ibivnward trend is a consequence of increasing
agricultural productivity. which also acts to geatercapital for the expansion of other sectors.ofdiag
to the authors, changes in an economy caused ukigre stem from two basic factors: (1) the dethan
for food has an income elasticity less than uratyd (2) productivity gains in the agriculture sectake
it possible to expand production using less labor.

Brazilian agricultural sector performance after WdNar Il was influenced by the government’s
decision to stimulate production through the coeatof public policy instruments intended to make
abundant credit available, support prices, and stsage constraints. Between the war’'s end an8,196
these Brazilian policy instruments consisted oft jtree National Council of Coffee (CNC) and the
ineffective Guaranteed Minimum Price Policy (PGPM).



Brazil's agriculture modernization era began in 39Gth creation of the National Rural Credit
System (SNCR) and reformulation of PGPM (Coelhd@130Both SNCR and the reformulated PGPM
offered agricultural sector subsidies intended xpaad the agricultural frontier and increase thairgr
production (Coelho, 2001). This governmental foomsagriculture ensured fast growth in the sector
through the extensive use of land and constantyotogty. The government’'s programs and, in some
cases, foreign investment spurred rapid occupatigrarts of Brazil's Central-West. Figure 1 illusties
the expansion of Brazilian territory devoted toiagiture and the associated growth in agricultural
production between 1967 to 2008.
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Figure 3. Agricultural hectarage, Yield, and Outpaex (1967 = 100); Brazil, 1967-2008.
Source: IBGE, and elaboration of the authors

There was a change in the focus of Brazil's agtiral policies after the 1973 international oil
crisis (Barros, 1979). Although the post-crisisipplinstruments themselves remained unchanged, the
amount of subsidization increased considerablyrd3af1979) highlights six consequences of this ghan
in agricultural policies and guidelines:

1. Long-run policies to stimulate investment in #ngricultural sector, especially infrastructure

investment, were marginalized;

2. Such modernization that occurred in the agnicaltsector was concentrated in only a few

products and regions;

3. The agricultural sector was segmented into i sectors: the internal market and the export

market;

4. An increase in Brazilian agricultural productpexation, abetted by more openness and

favorable conditions in the international market;

5. Pressure to increase food production;

6. Failure of the agricultural credit policy in e of efficiency, equity and stability.

Alves and Contini (1988) concluded that Braziliagrieulture sector growth in the 1980s was
greatly influenced by two factors other than labad natural resource availability: (a) modernizatio
driven by technological innovation; and (b) adaptato the demand stimulus provided by Brazil's enor
industrialized economy and growing urban populatiom meet this new demand, the agricultural frantie
had to expand. From the mid 70s to the mid 80szilBaa agricultural policy was reshaped to stimelat
both frontier expansion and land productivity, whied to the liberalization of rural credit througbe of
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a subsidized interest rate, the modernization afcalgural inputs and the agribusiness model, a
reorganization of the national research and devedmp system, and the expansion of rural support
services (Alves & Contini,1988).

Gasques and Conceicado (2001) analyzed the strutttamaformation of Brazilian agriculture over
past decades and note that the main features ofrimsformation follow an almost worldwide trerad:
declining share of agriculture in the gross doneegtoduct (GDP) and a decrease in the percentage of
workers occupied in the rural labor force. The arghalso estimated that Brazilian agricultural
production growth was greatly influenced by an éase in total factor productivity between 1985 and
1995 (Gasques and Conceicao, 2001).

From 1976 to 1994 Brazil's agricultural total pratiuity index increased 91.56%, with labor
productivity being the main factor driving this nease; although, increased land productivity made a
important contribution (Gasques and Conceicdo, 199@ble 1 shows the growth rate of Brazilian
agricultural GDP, TFP, labor, land, capital, anputs between 1975 and 2008 and for sub-periodsrwith
that period. TFP growth was found to be very strongr the entire period and for the sub-periods,
especially from 2000 to 2008. Between 2000 and 20G8TFP growth rate reached 4.98 % and was the
most important variable explaining agricultural Gp&formance, according to Gasques et al. (2009).

Table 1. Growth Rate of Brazilian Agricultural GDBabor, Land, Capital, Inputs and TFP — 1975 to
2008 and sub-periods.

Period 1975-2008 1980-1989 1990-1999 2000-2008
Labor -0.40 1.22 -0.49 -0.08
Land 0.12 0.46 -0.23 0.44
Capital 0.30 0.53 0.03 0.79
Inputs 0.01 1.11 -0.35 0.58
TFP 3.66 2.25 3.37 4.98
GDP Growth 3.68 3.38 3.01 5.59

Sources: Gasques et al. (2009)

In 1990, the inauguration of a new Brazilian goveemt and domestic macroeconomic turbulence
reduced investment in Brazil's agricultural sectbnat year, the volume of SNCR credit fell from the
previous year in real terms while the public seé&ral imbalance, having reached a maximum pdint o
inefficiency, was distorting and constraining deyehent in various economic sectors. It was thought
that the credit subsidies still awarded would ast aa compensatory variable to counteract these
macroeconomic distortions’ effect on agricultureyt ldue to the concentrated distribution of this
assistance, its benefit was minimized (Barros, 1991

Overall public expenditure on agriculture was remlin the 1990s. Gasques and Villa Verde
(2003) found that by 2000/2001, changes in agucaltpolicy had reduced governmental expenditures
on agriculture to the lowest levels in fifteen y@adomem de Melo (1998) argues that the increase in
agricultural productivity over the 1990s may be sidered as compensation for an unfavorable
macroeconomic environment, an environment thatugedi high interest rates and an overvalued
currency.

Using the growth accounting method, Bonelli and dema (1998) estimated the TFP of Brazilian
agriculture from 1971 to 1996. Their results showwet Brazilian agricultural TFP grew 25% from 1988
to 1996. Gasques et al. (2004) found that the drgroaith rate of Brazilian agricultural TFP was 898
per year in the 1990s and 6.04% per year at thanmieg of the 2000s. O"Donnel (2009) estimated that
the annual rate of technical progress in globalcatiure is less than 1%. Weiping and Ying (2007)
investigated the sources of TFP in Chinese agumlfrom 1985 to 2003 and found TFP growth was
slowing for all products other than wheat. Somehaf main studies of agricultural productivity agos
countries and regions include those of Hayami anttaR (1970, 1971), Kawagoe and Hayami (1983,
1985), Kawagoe, Hayami and Huttan (1985), Lau antbjyoulos (1989), Capalbo and Antle (1988),
Bureau et. al (1995) e Fulgini and Perrin (19937)9Boskin and Lau (1992), Rao (1993), Battese and
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Rao(2001) and Battese , Rao and Walujadi (2001d, Bravo-Ortega and Lederman (2004). Bravo-
Ortega and Lederman’s (2004) report of the aguecaltTFP growth for a selected sample of couniges
the main source of data shown in Table 2.

Table 2 shows the TFP growth rate for several g@msbut is impaired because the periods over
which growth was measured were not the same faraalhtries. Over the longest period, 1960 to 2000,
Brazil's TFP growth rate was only surpassed by tiahustralia, the United States and India. Brazil’
TFP growth rate of 4.98% in the 2000 - 2008 peviagd the highest TFP growth for any country over any
period, followed by Brazil's rate for the 1975 -period and China’s rate for the 2000 - 2006qukri

Table 2. TFP Growth Rate of Selected Countries

Country Period TFP Growth Reference Method
Argentina 1960-2000 1.84 Ereacljveor-r;)a:tnes(ggogzt)j Tranzgréeleggrtr?ation
Bolivia 1960-2000 1.18 Ereacljveor-r;)a:tnes(ggogzt)j Tranzgréeleggrtr?ation
Brazil 1960-2000 1.93 Ereacljveor-r;)a:tnes(ggogzt)j Tranzgréeleggrtr?ation
Brazil 1975-2008 3.66 Gasques et al (2009) Torngwaex
Brazil 2000-2008 4.98 Gasques et al (2009) Tornagveex
Chile 1960-2000 1.20 Erea:jve?ﬁa:tne?fogzgj Tranzageieggrtr?ation
Colombia 1960-2000 1.43 E;%Veﬂféf?fogzgj Traniﬁ‘)geggﬁ‘fﬁaﬂon
Cuba 1960-2000 1.17 Eigve?ﬁ;;e?;ogzgj Tranz;’jcl)r;]e(leggrtr?ation
Ecuador 1960-2000 1.28 Erea:jve?ﬁa:tne?fogzgj Tranzageieggrtr?ation
El Salvador 1960-2000 0.53 Erea:jve?ﬁa:tne?fogzgj Tranzageieggrtr?ation
Guatemala 1960-200( 0.79 Eg"e‘;ﬁ;e?fogzgj Tranz;geggﬁ‘fﬁaﬁon
Haiti 1960-2000 0.97 Erea:jve?ﬁa:tne?fogzgj Tranzageieggrtr?ation
Honduras 1960-2000 0.78 Ereacljveor-r;)a:tnes(ggogzt)j Tranzgréeleggrtr?ation
Mexico 1960-2000 1.85 Ereacljveor-r;)a:tnes(ggogzt)j Tranzgréeleggrtr?ation
Nicaragua 1960-2000 0.79 Ereacljveor-r;)a:tneg(g;ogz()j Tranzaréeleggrtr?ation
Paraguay 1960-200( 0.74 Ereacljveor-r;)a:tnes(ggogzt)j Tranzgréeleggrtr?ation
Peru 1960-2000 1.36 Ereacljveor-r;)a:tnes(ggogzt)j Tranzgréeleggrtr?ation
Venezuela 1960-2000 1.35 Ereacljveor-r;)a:tnes(ggogzt)j Tranzgréeleggrtr?ation




Table 2. TFP Growth Rate of Selected Countriest{coad)

Australia 1960-2000 2.12 Eg"e‘;ﬁ;;e?fogzgj Tranz&geéggrt,?aﬂon
Austria 1960-2000 0.69 E;%Ve?ﬁ;e?;ogz;j Tranz&geéggfﬁaﬂon
Canada 1960-2000 1.23 Erea:jvec;ﬁa:tne?fogzgj Tranzar;]ecleggrtr?ation
Denmark 1960-2000 0.66 Eg"e‘;ﬁ;;e?fogzgj Tranz&geéggrt,?aﬁon
Finland 1960-2000 0.25 Erea:jve?ﬁa:tne?fogzgj Tranzar;]ecleggrtr?ation
France 1960-2000 L Erea:jvec;ﬁa:tne?fogzgj Tranzar;]ecleggrtr?ation
Germany 1960-2000 1.39 Ereacljveor-r;)a:tneg(g;ogzt)j Tranzaréeleggrtr?ation
Greece 1960-2000 1.62 ?reacljveor-r;)a:tnes(ggogzt)j Tranzaréeleg?rtr?ation
Ireland 1960-2000 0.72 ?reacljveor-r;)a:tnes(ggogzt)j Tranzaréeleg?rtr?ation
Italy 1960-2000 1.73 ?reacljveor-r;)a:tnes(ggogzt)j Tranzaréeleg?rtr?ation
Japan 19602000 140 | P8 | Translog estmation
Netherlands 1960-200¢ 1.16 ?reacljveor-r;)a:tnes(ggogzt)j Tranzaréeleg?rtr?ation
Portugal 19602000 141 | BTEOM | Transiog estmeton
Spain 1960-2000 1.89 Erea:jvec;ﬁa:tne?fogzgj Tranzar;]ecleggrtr?ation
United Kingdom 1960-2000 1.67 E;?jve?ﬁa:tne?gogzgj Tranzs)r;]ecleggrtr?ation
United States 1975-2006 1.95 ggjgugggf'(ggggf ) -

United States 1960-2000 2.11 Eg"e‘;ﬁgff’;ogz;j Tranz&geéggfﬁaﬂon
China 1960-2000 1.67 Erea:jvec;ﬁa:tne?fogzgj Tranzar;]ecleggrtr?ation
China 2000-2006 3.20 ggjg”gscgté"é%%%?) :

India 1960-2000 1.98 Erea:jvec;ﬁa:tne?fogzgj Tranzar;]ecleggrtr?ation
Papua New Guinea 1960-2000 -0.36 ?reacljveor-r;)a:tnes(ggogzt)j Tranzaréeleg?rtr?ation
Sierra Leone 1960-2000 0.18 ?reacljveor-r;)a:tnes(ggogzt)j Tranzaréeleg?rtr?ation
South Africa 1960-2000 1.64 ?reacljveor-r;)a:tnes(ggogzt)j Tranzaréeleg?rtr?ation
— 1960-2000 0.96 Bravo-Ortega and Panel data

Lederman (2004)

Translog estimation

Source: Gasques et al. (2009) and Bravo-Ortegd etderman (2004).




Over the current decade, Brazilian agriculture basn benefited by vigorous TFP growth,
improvement in the global economy, especially ie #merging countries, and an increase in global
commodity prices, which offset the Brazilian cucgis overvaluation. Between 2004 and 2008, the
Brazilian effective exchange rate became 27% ovweedawhile the CRBindex increased approximately
147%.

3. Methodology

Section 3 presents the stochastic frontier moded us this study. The model is based on research
carried out by Pires and Garcia (2004) and thdereaces to Battese and Coelli (1992), Bauer (1,990)
and Kumbhakar (2000). Our study is intended toravipe multi-year data on various components of
economic growth in the Brazilian agriculture seaiecomposed at the state level, not to propose new
methodology.

Following Pires and Garcia (2004), we assume tmaziBan agriculture has a stochastic frontier

described by equation (1):
= £(t,x, B)lexdv)exd-u) 1)
Where:
y =the vector for the agricultural product of all Bitean states;
x =the vector for the production factor (labor, capgad land);
S = the vector of parameters;

v,u= terms that represent different error componendsuming thatv ~ N(O,az)and u-~ N(,u,af),

then, the distribution afl is normal-truncated.

In regards to vectonsandu, Pires and Garcia (2004) explain that:

“The first refers to the random part of the errowhile the second represents technical
inefficiency, i.e., the part that is a downward idgen from the production frontier (which can be
inferred by the negative sign and the restrictian0” (p. 4)

This two errors approach was proposed independbgthigner, Lovell and Schmidt (1977) and
Meeusen and van den Broeck (1977).

Battesse and Coelli (1992) formulated a parameioizahat Pires and Garcia (2004) assumed to
take the technical efficiency component as a tirmeawnt, then:

u, =exd-7{t-T)|m, u, =20 i=1..,NandtOz() (2)

Wherer signals the behavior of technical efficiency othex time, anoT(i)contains all periods in
the panel. The model admitdranslogfunction that has two production factors, laloy, capital K) and
land (T), as shown in the equation (4).

1 1 1
Inyit ::Bo +:31 [ﬂ+ﬁ< [[hKit +:BL Dhl—n +:8r |:Ih-rit +§ it [ﬂz +§wKK(InKit )2 +§wLL(InLit)2 +

S 0T+ B K, )L, )+ 0B InK, ), )+ B, (T, )fnL, ) + Ak, )+ @

AdllinL, )]+, [(nT, )iy, +u,
The technlcal progress is expressed by the diffext@on of equatlon (2):

y Olnf(tKLTﬁ_l_g Gli+gL|:.f:+£T a—u (5)
Y 5 T

Considering thaRTSis the returns to scal&T5 = sx + 5.+ £, and &=, £. and&r are output
elasticities, and:

gK — ‘EL — £.|.
RTS' " RTS T RTS

A= (6)

3 calculated by the Commodity Research Bureau



Pires and Garcia (2004) present the Divisia indekahe equation (¥)

K T
gPTF:%_SkE_SLdE_STG-F (8)

The authors also show that, after the estimatioagoiation (4) and the algebraic manipulation of
(5), (6) and (7), we can find the change rate ialttactor productivity:

Opre :TP_LH'(RTS_]-)EPK (9« +/]L (g9, +/]T |:'DT]+[(/]k _SK)[QK +(/]L _SL)EgL +(/]T _ST)EQT]
9)

Where:
Tp=0In f(t,la<t, L,T,B)

[J: change in the technical efficiency;
(RTS—l)[[)IK (g +A [g, +4; [gT] = change in the scale of production;

(A —s ), +(A, -5, )@, + (A —s; )@, ]| = change in allocative efficiency.

is the technical progress;

3.1 Data and Sample

This paper’s basic data sources are the BraziliaralRStatistical Yearbook and the Brazilian
Agricultural Census, both published by the Branilimstitute of Geographic and Statistics (IBGE).
During the period under study, the decennial Cem&ass published in only 1975, 1985, 1995 and 2006
All information concerning capital stock, laborntg and each production factor’s respective share o
income was obtained from the Brazilian Agricultu@dnsus. GDP figures were taken from the Brazilian
Rural Statistical Yearbook. We used data takernaitcity level when possible. Brazil has 27 statas$ a
5,564 cities. Thirty cities were disregarded beeaas least one piece of necessary information was
missing. The final sample was formed by 5,534 sitiEconomic growth in states that did not exist in
1975 was estimated using aggregated data frons etiidin the newly formed states’ boundaries.

The capital stock variable used in this paper & tthtal number of properties held by farmers
(which include rural constructions and buildinggugment, machinery and lands). Labor force data
refers to people employed in agriculture. Land desta refers to the harvested area expressed iarbsct

To calculate the portion of product derived frontle@roduction factor, the following variables
were used: investment in rural constructions anttimgs, equipment, machinery comprised the capital
stock portion, investments in land comprised thadI@ortion, and salaries paid comprised the labor
portion. As all these data were not available atdity level, we were often forced to use datéhatdtate
level.

Both capital stock and GDP were deflated by the HBGimplicit GDP deflator expressed in
Reais(R$ - prices of 2000). The data were organized jpanel model to estimate equation (4) using
Stata/SE® 10.8oftware, and the results were then used to decsenih@ local (cities) agricultural TFP.
Results for each Brazilian stitre derived by following equation (9). Results presented in Section 4.

*The termsS, and S, are the share of capital and labor in income, ey .

®> The last edition of the Brazilian Agricultural Gers was published 1 year later than normal.
® Results for the agricultural TFP at a state lével weighted average (based on the local GDP simtiee state share) of the
local agricultural TFP.
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4. Results and Discussion

For models estimated by maximum likelihood, Gre€®03) suggests a Likelihood Ratio Test
(LR). The objective is to test the complete modehresented by equation (4), and the restrictedefsod
(see: following paragraph). The null hypothesisgveh in Table 3, is that the column-model is corgdin

in the line-model. According to Greene (2003, pl1/49f the computed value is larger than the aailtic
value, the null hypothesis cannot be rejected.

The restricted models were defined in accordantie Janes (2000): for a Cobb-Douglas function
with technological variables liRé= f (K, AL), the technology is “Harrod neutral”; other posiilels are
Y = f(AIK,L) and the technology is “Solow neutral,” ¥r= Al f (K,L) and the technology is “Hicks

neutral”. Table 3 shows the results for the liketid ratio tests. The full translog model, represerity
equation (4), was selected as the most appropnatetb|.

Table 3. Likelihood ratio tests results

Model Full Harrod Solow Hicks Translog Cobb- Cobb-
translog | neutral neutral neutral TP Douglag | DouglasTP
Full 280,62 827,15 1361,80 1695,08 2283,51 2386,10
translog | YO | X0 | X | x*6) | X’ | x*@y
Harrod ] ) NC 1081,18 1414,41 2002,89 2105,48
neutral X° (1) x° (4) x° (9) X° (10)
Solow _ _ _ 534,65 | 867,92 | 145636 | 1558,95
neutral x2() x2(4) x20) x2(10)
Hicks _ _ _ _ 33228 | 921,71 | 102430
neutral X’ (3) X (8) X’ (9)
Translog i i i i ) 691,02
T N x(e)
Cobb- ] ] _ _ _ _ 102,59
Douglas x2()
Cobb- i i i i )
DouglasTP

! Translog function without technical progress;

2 Cobb-Douglas function with technical progress;
% Cobb-Douglas function without technical progress.
“The likelihood ratio test is not applicable.

Source: The authors

Results shown in Table 4 are all statically siguaifit at 1% except for coefficiefif, . The
negative signs of coefficient§,, and £, mean that the non-neutral part of technical pregyie labor

and capital saving; on the other hand, technicabmss increases as the amount of land harvested
increases £;, > 0 which means that technical progress is morenggen states with a large supply of
fallow land that can be opened to agriculture.

10



Table 4. Time-variant efficiency model results

Number of observations: 18,325
Log likelihood = -15,919.244 Prey2= 0.0000
Lny Coefficients SItEar?grasrd z P>|z| [95% Conf. Interval]
B 1.250237 0.045885 27.25 0.000 1.160304 1.340169
B 0.275491 0.041972 6.56 0.000 0.193228 0.3577p5
B, 0.597959 0.033017 18.11 0.000 0.533247 0.6626[71
BGr -0.31893 0.03744 -8.52 0.000 -0.39231 -0.245560
B 0.029552 0.012192 242 0.015 0.005655 0.053448
B 0.020684 0.004618 4.48 0.000 0.011633 0.029734
B 0.010366 0.003222 3.22 0.001 0.0040% 0.016681
Bt 0.050691 0.004473 11.33 0.000 0.041924 0.059458
B -0.00198 0.006004 -0.33 0.741 -0.0137% 0.009783
Brc -0.0347 0.005196 -6.68 0.000 -0.04489 -0.0245p0
B 0.011571 0.00695 1.67 0.096 -0.0020% 0.025192
B -0.05913 0.003531 -16.75 0.000 -0.06606 -0.052210
B -0.12301 0.004249 -28.95 0.000 -0.13134 -0.114680
Br 0.070116 0.003976 17.64 0.000 0.062324 0.077908
B, 1.584759 0.309937 5.11 0.000 0.977294 2.1922p3
H 1.70578 0.119855 14.23 0.000 1.470869 1.9406P1
7 -0.25224 0.012781 -19.74 0.000 -0.2773 -0.227190
Ino? -0.75538 0.017713 -42.65 0.000 -0.7901 -0.720670
ilgt y -0.08194 0.042326 -1.94 0.053 -0.1649 0.001020
o? 0.469831 0.008322 - - 0.4538 0.486429
y 0.479527 0.010564 - - 0.458869 0.500255
Uuz 0.225297 0.008466 - - 0.208705 0.241889
JVZ 0.244534 0.003104 - - 0.238451 0.250618

Source: The authors

Results from the estimated model allowed decomiposivf agricultural TFP and agricultural
economic growth indicators for the 27 Braziliantssaare listed in Table 5. The general averagdl of a
factors for the 27 states is consistent with resiuim other Brazilian agricultural TFP researalghsas
Gasques et al. (2009). For example, Gasques &0#19) estimated TFP growth of 3.66% for the 1975-
2008 period while the average TFP growth estimdtgdur model is 3.1%. Our estimations of the
changes in capital accumulation, harvested heataragd agricultural labor force are also similar to
results from other studies.
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Table 5. Results of agricultural TFP decompositmrthe Brazilian States.

Agricultural Changein| Change Change in TFP

economic Capital agricultural | harvested| Change | Technical| Technical | Scale | Allocative | Random
State growth accumulation| labor force area in TFP | progress | efficiency | effects | efficiency | shocks
Ronddnia 1.2% 0.5% -1.9%| -1.9%| 8.3%| 9.7%| -2.8%| 0.8% 2.1%| -3.7%
Acre 3.8% 2.8% -1.6%| 0.7%| 6.4%| 5.7%| -2.0%| 1.0% 1.6%| -4.5%
Amazonas 6.0% 1.3% -2.0%| 3.1%| 9.9%| 7.1%| -1.4%| 1.4% 2.8%| -6.3%
Roraima 0.5% -0.2% -1.0%| 2.0%]| 10.3%| 10.2%| -2.3%| 0.3% 2.0%| 10.8%
Para 3.4% 3.9% -0.9%| 0.9%| 6.1%| 5.8%| -2.3%| 1.7% 0.8%| -6.6%
Amapa 2.2% 3.1%| -1.8%| 3.4%|11.2%| 6.7%| -2.0%| 2.1%| 4.4%| 13.6%
Tocantins 5.7% 3.4%| -1.4%| 1.2%| 2.9%| 2.5%| -3.0%| 2.2%| 1.2%| -0.4%
Maranhao 1.7% 21%| -1.1%| -0.4%| 3.3%] 3.9%| -2.3%| 0.8%| 0.9%] -2.3%
Piaui 1.8% 1.4%| -0.5%| 0.5%| 1.5%| 3.1%| -3.3%| 1.0%| 0.7%] -1.1%
Ceara 1.4% 1.1%| -0.5%] -1.2%| 1.0%| 25%| -2.8%| 0.4%] 0.9%] 1.1%
Rio Grande
do Norte 2.3% 1.1%| -1.3%| -2.0%| -0.9%| 2.3%| -3.1%| 0.0%| -0.1%| 5.5%
Paraiba 0.2%| -0.2%| -1.5%| -1.6%| 0.0%| 3.2%| -3.2%| 0.7%| 0.6%| 3.6%
Pernambuco]  0.9% 0.2%| -1.1%| -0.8%| 1.2%| 3.4%| -2.6%| 0.1%| 0.5%| 1.4%
Alagoas 0.7% 15%| -1.0%| -0.2%] 0.4%| 3.4%| -2.9%| 0.5%| -0.6%| 0.0%
Sergipe 1.7% 0.7%| -0.9%| 0.5%| 1.5%| 4.0%| -3.3%| 0.3%| 0.5%]| -0.1%
Bahia 3.1% 2.4%| -0.6%| 1.4%| 3.8%| 4.9%| -3.0%| 1.6%| 0.4%| -3.9%
i
Gerais 32%|  1.4%| -0.7%| 0.0%| 25%| 3.2%| -2.6%| 0.9%| 1.0%| -0.1%
Espirit
siﬂ'tgc’ 3.3% 1.9% -0.8%| 0.0%| 4.4%| 4.6%| -2.0%| 0.9% 0.9%| -2.1%
Riod -
J;r)]ei?o -0.7% -0.7% -1.0%| -1.8%| 2.9%| 5.2%| -2.5%| 0.7% 0.9%| 0.0%
Sé&o Paulo 2.4% 0.4% -1.4%| 0.2%| 1.6%| 3.7%| -2.7%| 0.1% 0.6%| 1.5%
Parana -0.4% 0.8% -2.1%| 0.0%| 2.7%| 4.8%| -2.9%| 0.2% 1.0%| -1.8%
Sant
Cg?a?ina 2.4% 1.5% -1.7%| -0.8%| 3.4%| 4.1%| -2.4%| 0.1% 1.6%| 0.0%
Rio Grande B
do Sul -1.3% 0.2% -2.1%| -1.1%| 3.1%| 5.3%| -2.8%| 0.9% 1.5%| -1.5%
Mato
Grosso do
Sul 1.5% 0.5% -1.8%| -0.3%| 4.0%| 5.3%| -2.8%| 0.1% 1.5%| -1.0%
Mat:
Grosso 6.4%  1.9%| -1.8%| 3.4%| 7.9%| 85%| -2.3%| 1.5%| 0.3%| -5.0%
Goias 2.1% 1.0% -1.3%| 0.2%| 2.8%| 3.6%| -2.8%| 0.5% 1.5%| -0.6%
Distrito -
Flede!ral 4.9% 4.3% 2.8%| 7.1%| 0.8% 1.3%| -2.5%| 4.3%| -2.3%| 10.2%
Average 2.4% 1.3% -1.3% | 0.2% | 3.1% | 4.3%| -2.7% | 0.5% 1.0% | -0.8%

Source: The authors

TFP growth was found in all states except Rio Geadd Norte. Regionally, Brazil's North

(Rondbnia, Acre, Amazonas, Roraima, Para, AmapaTawéantins) showed the greatest TFP growth,
which is consistent with the agricultural fronteexpansion in this area over recent decades yNaers
ago, agricultural activity in the North was praatlg nil. Study estimates of technical progress and
allocative efficiency are very similar to the rasubr TFP growth.
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Spolador and Lima (2009) found that the numbemppliaants for rural credit and the amount of
subsidized rural credit awarded increased in thgestof Brazil's Central-West (Goias, Mato Grosso,
Mato Grosso do Sul) and North due to expanded tig&sactivities in this previously unexplored area.
Their results also suggest that recently completepgroposed infrastructure projects, both logistarad
energy supply related, also increased the demandufal credit in these regions by improving their
potential for economic growth. These projects wam@moted by both national and local governments
favoring agricultural frontier expansion. Recensearch evaluating the modernization of Brazilian
agriculture shows that occupation of unexplorechsri@ the Central-West and North has brought new
capital investments and labor-saving technologadatinces to the regions

Our results show that the agriculturally importatdgtes of Bahia, Minas Gerais, S&o Paulo and
Mato Grosso experienced significantly elevated enun growth in their agricultural sectors over the
study period. The increase shown in each stateR Whks both large and positive, with the technical
progress component of TFP being the most positiffeance on GDP. These four states and the sthtes o
Parana and Rio Grande do Sul account most of Byaajricultural GDP Of these major agricultural
producers, Mato Grosso showed the largest inciieaseth TFP and technical progress. Although Mato-
Grosso, Brazil's most important soy-bean producstate, is in Brazil's Central-West, the TFP and
technical progress increases found there are veryas to the large increases estimated for states
Brazil’'s North.

The study’s the technological efficiency indicait®mnegative for all states from 1975 thru 2005.
However, over that period all states show agricalgector technological progress and all but tetates
showed agriculture sector economic growth. Thesellt® suggest that the technological efficiency
indicator’s negative value should be analyzed asgéyp distance of each state from the technological
frontier: the technological frontier's expansionsaarger and more rapid than the increase in teahni
efficiency.

The large agricultural sectors of Parand and Rian@e do Sul, both in Brazil's South, show
negative economic growth over the entire studyqgoewhile their TFP and technical progress indicator
show reasonable growth. This apparently contradiatesult was strongly influenced by the two latter
sub-periods within the entire study period (see &@&)n1985-1995 and 1995-2006. By the end of the two
sub-periods, both states showed a reduction inatagcumulation, labor force and harvested tewjto
which strongly negatively affected economic growthheir agricultural sectors. There were two fasto
that may have significantly influenced these reswdtverse climatic conditions and an aberratiooun
study’s panel data source.

According to the Brazilian Rural Statistical Yeaokp 1985 and 2005 were adverse years for
agricultural activities, which reduced agricultu@DP in some states. Grain harvests were especially
affected by bad climatic conditions in Brazil's Smwluring both the 2004/2005 and 2005/06 harvest
seasons. Coincidentally, data for the decenniatiBaa Agricultural Census was collected in 198% an
2005. As figures from the Census are the basibektudy’s panel data, this timing coincidence tlyea
influenced the study’s econometric results, espigdar Parana and Rio Grande do Sul.

At the end of the first sub-period, 1975 to 198%radP4 and Rio Grande do Sul showed
agricultural economic growth of 2.8% and 2.7% retipely. Over the entire study period, despite the
negative results for economic growth in Parana® Rio Grande do Sul’'s agriculture sectors, the rhode
was able to capture TFP growth and above averabaital progress in both states.

Rio de Janeiro also showed negative agriculturahemic growth over the study period, which
was expected. Agricultural activity in the stateat significant, and the state’s relevance indbentry’s
agricultural GDP has been diminishing over recetades.

An analysis of data derived from our study's amimn of the stochastic frontier model
strongly indicates that TFP expansion based onnteghprogress was the major determinant of the
Brazilian agriculture sector’'s economic growth frd@75 to 2005. At a regional level, the agricultura

" In some empirical applications of the time-varymgdel as Battese and Tessema (1993), the inclo$iome-varying
parameters in the stochastic frontier resultethéncionclusion that technical inefficiency existhisTis the case found in this
paper.
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economies of states on Brazil's agricultural frentgrew at higher rates than those of states irroth
Brazilian regions.

The 1995-2005 sub-period presented the highestslefetechnological progress (7.4%) and
TFP growth (4.5%) of all sub-periods, as shown @abl€ 6. In general, those ten years were a pefiod o
Brazilian economic recovery and growth brought aboelative economic openness, monetary
stabilization, and after the 1999 adoption of aibiee exchange rate mechanism, decreasing inteatest.
The international market was also a positive inflte2on the performance of Brazilian agricultureimyr
that sub-period, particularly following the commiydbrice surge that began in 2003.

Table 6. The results for agricultural TFP decomipmsiby period.

Year Economic Capital Labor Land Change| Technical Technical Scale | Allocative | Randon
growth accumulation | expansion| expansion| in TFP | progress efficiency | effects| efficiency | shocks

1975-1985 7.1% 7.0% 0.6% 0.1%| 2.5% -0.2% -2.1% 3.8% 1.0% | -3,0%
1985-1995 | -0.8% -1.3% -1.3% -1.0% 2.2% 5.7% -2.7% | -1.2% 0.4% 0,5%
1995-2005 1.0% -1.8% -3.3% 1.5% 4.5% 7.4% -3.3% | -1.1% 1.5% 0,1%
1975-2005 2.4% 1.3% -1.3% 0.2%| 3.1% 4.3% -2.7% 0.5% 1.0% | -0,8%

Source: The authors
5. Conclusion

The study put forward in this paper analyzes trewvgn of Brazilian agriculture from 1975 to
2005, estimating a stochastic frontier to decompbsgeagricultural sector’'s Total Productivity Facto
(TFP) at the state level. Results from the studygsst that expansion of the agricultural frontier i
Brazil's North and Central-West regions was madssfde by strong technical progress supporting
positive TFP growth. States that have traditionblyg an extremely large share in Brazilian agnoels
GDP also showed technical progress and TFP grdiule. of these states, Mato Grosso, showed more
than twice the average agriculture sector econ@mwth, more than twice the average TFP growth and
almost twice the average technical progress owestildy period.

The study’s econometric model captured the expeweddction in all states’ agricultural labor
force and the reduction in harvested hectaragtateswhere agriculture’s share of GDP has dimadsh
due to economic diversification. Study results digghlighted the increase in harvested hectaragbkan
North region states brought on by agricultural fremexpansion.

The study also reflected the significant macroectn@dvances made in Brazil from 1995 thru
2005. Our technical progress and TFP indicatorstbaw greatest increases during that period, eger
in Brazil that saw monetary stabilization, spregd#onomic openness, and a return to economic growt

Changes in the international marketplace incre&gimgpact Brazil's agricultural economy.
Since 2005, rising international commodity pricesl @n increase in the international commodity trade
should have provided a boon to the agriculturaheoties of the 27 Brazilian states. The methodology
used in the current study could be applied to gl®wata on the impact of these changes on eaeh stat
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Table 7. The results for the agricultural TFP de

position by period and Staite percentage values

State Period Economic Capital Labor Land Change | Technical | Technical Scale | Allocative | Randon
growth accumulation | expansion | expansion | in TFP progress | efficiency effects | efficiency | shocks

Rondonk 1OTEI9EE -0.44) 077 -0.71] -2.68| -2.51| 0.15 -4.07| -0.59] 1.99] 6.24
Rondoni 1985199 -2.85 0.57| -1.68/ -1.01] 20.17| 21.09 -1.48| -0.61] 1.17/-20.91
Rondonk 19952005 6.92 1.61] -3.42] -2.05/ 7.20| 7.92] -2.92| -1.06] 3.26] 3.58
Rondonk 19752005 1.21 0.47| -1.94] -1.92] 8.29] 9.72| -2.82[ -0.75| 2.14| -3.70
Acre L9798 3.05 330, 0.96] -0.64] 3.41] 1.96] -1.71] 2.00 1.15 -3.99
Acre 198599 -2.53 1.46] -1.43] -0.32| 6.51] 7.53] -1.78] 0.10] 0.67| -8.76
Acre 1995200% 10.76 3.61 -4.33] 3.03] 9.13] 7.54/ -2.40, 0.89] 3.09] -0.69
Acre 1972008 3.76 279 -1.60] 0.69| 6.35 5.68 -1.96] 1.00 1.64| -4.48
Amazona 1971988 8.89 6.82 1.08] 1.72| 4.27| 2.06] -1.24] 3.44] 0.01] -4.99
Aimazona 198199 092 -1.10[ -1.46] -2.91) 425 456 -1.36| -0.97| 2.02] 2.15
Amazona 199-200% 8.11 -1.76] -5.59| 10.44 21.07| 14.61 -1.62] 1.70| 6.38/-16.05
Amazona 197200 5.97 1.32] -1.99| 3.08 9.86] 7.08 -1.41] 1.39| 2.80| -6.30
Roraim: LOTH9EE -1.41 1.20] -2.49| -2.19| 18.02| 17.69] -1.74| -0.70| 2.77|-15.95
Roraim: 1985199 394 -1.13] 246] 7.22] 0.09 350 -2.25 1.95 -3.11] -4.71
Roraim: 1995200 -1.09]  -0.64] -2.86] 1.12| 12.94 9.54] -2.76| -0.33| 6.49-11.66
Roraim: 1972008 0.48/  -0.19] -0.96] 2.05| 10.35 10.24] -2.25| 0.31] 2.05/-10.77
Par LOTH9EE 11.71 9.74) 247 1.84] -6.71| -10.37| -1.33] 551 -0.51] 4.36
Par 1985199 -2.51 0.31] -1.60] 0.50| 16.49] 19.13] -2.69| -0.34| 0.40|-18.22
Par 1995200% 1.02 1.66] -3.51] 0.33] 8.48| 8.76] -2.79] 0.08 2.43| -5.94
Par 1975200 3.41 390, -0.88] 0.89] 6.09] 5.84] -2.27| 1.75 0.78] -6.60
Amape 1798 9.62| 1172 0.04] 294 573 0.08) -1.44] 546 1.62/-10.81
Amapi 198195 -1.66 0.11] -0.97| -1.00 3.33] 5.57 -2.35 -0.54] 0.65 -3.13
Amap: 1995200 -1.23]  -2.61] -4.36] 8.13| 24.54] 14.36] -2.24| 1.36] 11.05/-26.93
Amap? 1975200 2.24 307 -1.76] 3.36] 11.20] 6.67| -2.01] 2.10| 4.44|-13.63
Tocantm 1OTEI9E 9.04 7.87| 0.83] 0.25] 2.45| -0.59| -2.36] 4.47| 0.92] -2.37
Tocantm 198199 -0.16)  -0.29] -1.00] -2.89 -2.61] 0.00] -2.93| -1.01] 1.33] 6.64
Tocanm 1995200 8.32 259 -3.98| 6.23 8.91] 8.20] -3.63] 2.99 1.35 -5.44
Tocantin 197-200% 5.73 3.39] -1.38] 1.20] 2.92] 254 -2.97| 2.15 1.20] -0.39
Maranha 1798 3.22 8.87] 0.76] -2.02] 0.40] -3.18] -1.80] 4.35 1.04| -4.79
Maranhal 198199 -1.45]  -1.13] -1.00] 240 4.52| 7.12] -2.28] -0.37| 0.04] -6.24
Maranha 1995200% 321 -1.34] -298 -1.60] 494/ 7.80 -2.91| -1.52] 157 4.19
Maranhal 1972008 1.66 213 -1.07] -041] 3.29] 3.91] -2.33] 0.82] 0.88 -2.28
Piai TO7ETO8E 4.13 7.64) 1.93] 249 2.03] -0.30] -2.48] 4.92| -0.12] -9.95
Piau 19851995 -0.87| 155 -1.30] 0.32] 0.17| 4.43] -3.41] -1.09] 0.24] 1.49
Piai 19952008 206] -1.80 -2.22] -1.18] 2.24] 5128 -4.11] -0.97] 2.04] 5.03
Pral 172008 1.77 1.43] -0.53] 0.55] 1.48] 3.14| -3.33] 0.95 0.72] -1.14
Cear LOTHI9EE 6.66 789 1.62| -1.92] 0.52] -2.50| -2.24] 4.43] 0.82] -1.45
Cear 19851995 -2.50 -1.92| -0.68] -0.58| 1.27| 4.85 -2.79| -1.21| 0.42| -0.58
Cear: 1995200F 006 -2.68] -2.39| -1.19] 1.09 5.16] -3.51| -2.00] 1.44| 5.22
cear 1975200 1.41 1.10] -0.48] -1.23] 0.96] 2.50| -2.85 0.41] 0.89 1.06
Fio Grande do Nor | 1975198¢ 7.06 771 092 -0.34] 0.05] -1.18] -2.37| 3.77| -0.18] -1.28
Rio Grande do Nor | 198%195¢ -246| 179 -1.29] -1.77| -1.63] 2.66] -3.07| -1.48] 0.25] 4.02
Rio Grande do Nor | 199-200¢ 2.25| -2.76] -3.53| -3.99| -1.22| 542 -3.90| -2.41] -0.34| 13.75
Rio Grande do Nor | 197%-200¢ 2.28 1.05] -1.30] -2.03] -0.93] 2.30| -3.11] -0.04] -0.09] 5.50
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Table 7. The results for the agricultural TFP deposition by period and State in percentage valoastihued).

State beriod Economic Capital Labor Land Change | Technical [ Technical Scale [ Allocative | Randon
growth accumulation | expansion | expansion | in TFP progress | efficiency effects | efficiency | shocks

Paraib LTS8 4.37 5.26| -0.07| 0.45] 0.76] 0.87| -2.48] 254 -0.18] -2.03
Parai 19551998 218/  -2.22| -1.65] -2.98 -1.42| 3.02] -3.10| -2.06] 0.72] 6.09
Paraib 19952008 -1.45|  -3.65] -2.82] -2.25| 0.55| 5.81] -4.00| -2.51] 1.25 6.73
Paraib 19752008 0.25| -0.20] -1.51| -1.60| -0.04] 3.24] -3.19| -0.67| 0.60] 3.59
Pemanbuc 1971988 6.11 6.07| 1.34] -0.44] 0.17] -0.90| -2.03] 3.49] -0.38] -1.03
Permanbuc 19851998 -1.22|  -1.84] -1.43] -0.63] 0.98] 4.58 -2.67| -1.35| 0.41] 1.70
Pernanbuc 19952008 -2.29 -3.59] -3.32] -1.36] 2.57| 6.60] -3.25 -2.31] 1.53] 3.41
Pernanbuc 1975200 0.87 0.21] -1.14] -0.81] 1.24] 3.42| -2.65 -0.05| 052 1.36
Alagoa: LOTH9EE 8.24 599 203 1.62 -0.02] -0.48 -2.33] 4.22| -1.42| -1.37
Alagoar 19551998 -2.76] 041 -2.17] -1.12| 0.33] 4.74 -2.83] -1.19] -0.39] 0.60
Alagoa: 19952008 -3.49]  -1.18] -2.92] -1.02] 0.87| 5.97| -3.55 -1.46] -0.09| 0.77
Alagoa: 1972008 0.67 1.47| -1.02| -0.17| 0.39] 3.41] -2.90| 0.52| -0.64| 0.00
Sergipt TO7ETO8E 8.94 6.18] 1.05 0.79] 1.48 0.56] -2.60] 3.38 0.15 -0.56
Sergip T9BETO% -1.30]  -1.61] -0.38] 0.52] 0.12] 4.04] -3.29 -0.71] 0.08 0.03
Sergpe 1995200¢ 245/  -256] -3.35] 0.21] 2.94| 753 -412 -1.71] 1.25 0.32
Sergip 19752008 1.73 0.67] -0.89] 0.51] 1.52] 4.04] -3.34] 0.32] 0.49] -0.07
Ban LOTH9EE 10.26| 10.29) 227 1.67| 037 -3.32] -2.35 6.29] -0.25] -4.35
Bani 198199 -456|  -1.52| -1.50] -0.47| 6.22] 10.09 -2.98] -1.19] 0.31] -7.30
Bank 1995200¢ 368 -1.70| -2.62] 3.05 4.92| 7.80 -3.71| -0.27] 1.09 0.02
Bank 19752005 3.12 2.36] -0.61] 1.41] 3.84 4.85 -3.01] 1.61] 0.38] -3.87
Minas Gera 1971988 11.50 8.77] 1.45 -0.20 3.26] -1.92| -1.97| 505 2.10| -1.78
Minas Geral 198195 -1.40[  -1.64] -0.94] -0.12| 1.18 4.73] -2.49| -1.05 -0.01] 0.12
Minas Gerai 19952005 -0.63] -2.82| -252] 0.30] 293 6.67] -3.25| -1.41] 0.92] 1.48
Minas Geral 19752005 3.16 1.44] -0.67| -0.01] 2.46] 3.16| -2.57| 0.86] 1.00| -0.06
Espifto Sant LOTI98 10.00f  10.85 1.18] 0.43| 3.76] -2.21| -1.65] 6.17| 1.45 -6.21
Espifto Sant 19851998 021 -2.17] -0.87] -1.07| 526 820 -1.78| -1.54| 0.38 -0.95
Espifito Sant 1995200¢ -0.31]  -3.05| -2.67] 053 4.12| 7.85 -2.66| -2.07| 1.01] 0.75
ESpifito Sant 197200 3.30 1.88] -0.79] -0.04] 4.38] 4.61] -2.03] 0.85 0.95 -2.14
Rio de Janer 1971988 3.81 287 093 -1.10] 1.73] 0.74] -1.67] 1.66] 0.99] -0.62
Rio de Janer 19851998 -3.43] 217 -2.09] -2.79] 3.62| 7.68 -2.81 -2.13| 0.88 0.00
Rio de Janerr 1995200¢ -252]  -2.94/ -195 -1.64] 3.29| 7.12| -3.12| -1.49] 0.78 0.72
Rio de Janerr 19752008 -0.71]  -0.75 -1.04] -1.84] 2.88] 5.18 -2.53| -0.65 0.88] 0.04
Sao Paul 19751985 8.55 6.31 0.05 0.77] 2.34] 1.04 -2.12| 3.45 -0.04] -0.92
Sdo Paul 198199 0.68) -1.66] -1.32] -1.30] 0.04] 3.92] -2.71] -1.51] 0.35 4.93
Sao Pl 1995200¢ -2.13] -342] -299] 119 254 6.03] -3.29 -1.73] 1.55 0.55
Sao Paul 19752008 2.37 041 -1.42| 0.22| 1.64 3.66| -2.71] 0.07| 0.62] 1.52
Paran 19798 2.77 6.04| -0.92| -0.70| 4.14] 2.40| -2.20] 2.56| 1.39] -5.79
Paran 1985199 -2.63]  -1.20] -1.75] -1.43] 0.67| 4.80] -2.91| -1.65 0.43] 1.09
Paran 1995200¢ -1.40]  -242| -3.64] 217 3.16| 7.15 -3.57| -1.59] 1.18| -0.66
Paran 19752005 -0.42 0.80] -2.10, 0.01] 2.66] 4.78] -2.89] -0.23] 1.00| -1.79
Santa Catanr 197198 6.14 591 0.39] 0.04 3.17| 0.16] -1.82] 3.15 1.69 -3.37
Santa Catanr 198195 043 -0.16] -1.04] -1.03] 1.72| 4.28 -2.49| -0.67| 0.60] 0.93
Santa Catanr 1995200° 0.60[ -1.35 -4.43] -1.30] 5.35 7.93 -2.92| -2.31| 265 2.34
Santa Cafarr 19752005 2.39 1.47| -1.69] -0.77] 3.41] 4.12| -2.41] 0.06] 1.65 -0.03
Rio Grande do S ] 1975-198¢ 2.75 4.17| -0.38] -0.71] 357 2.21] -2.08] 1.92] 1.52[ -3.90
RioGrande do'S | 1985199 -2.22|  -1.24] -1.46] -1.81] 200 5.58 -2.73| -1.61] 0.76/ 0.30
Rio Grande do'S ] 1995200¢ -4.37| 229 -4.43] -0.74] 3.84| 8.09 -3.52| -2.86] 2.13] -0.75
Rio Grande do S 1975-200¢ -1.28 0.21] -2.09] -1.09] 3.14] 5.29] -2.78] -0.85] 1.47| -1.45
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Table 7. The results for the agricultural TFP deposition by period and State in percentage valoastihued).

State beriod Economic Capital Labor Land Change | Technical | Technical Scale | Allocative | Randon
growth accumulation | expansion | expansion | in TFP progress | efficiency effects | efficiency | shocks

Wao Grosso do'S | 197 198E 6.42 6.88] -0.38] -0.29] 6.74] 3.25] -2.18] 3.50 2.16| -6.52
Va0 Grosso do'S | T98E 195¢ 274  -1.41] -0.93] -2.07] 0.90] 4.03] -2.90[ -1.22[ 0.99] 6.26
Wafo Giosso do S 1995 200% -4.65  -3.90] -4.08] 1.56] 4.42[ 8.50] -3.45] -2.00] 1.37] -2.65
Malo Grosso do S| 197€:200¢ 1.51 052 -1.80] -0.27] 4.02[ 5.26] -2.84] 0.09] 1.51] -0.97
Vato Gross LO7E198¢ 3.22 5.26] -0.99] 353 11.44] 10.60] -1.29] 2.99] -0.86|-16.03
Mato Gross 198199 570 -0.16] -1.09] -0.79] 4.83] 7.27| -2.29] -0.57| 0.42| 2.92
Mato Gross 1995200% 10.27 0.57| -3.46| 7.43] 7500 7.62] -3.42| 2.03] 1.26] -1.77
Walo Gross To7%200¢ 6.40 1.89] -1.85] 3.39] 7.92] 850 -2.33] 1.48] 0.27| -4.96
GO TO7E195¢ 3.13 589 0.71] -1.94] 3.13] -0.91] -2.08] 3.10[ 3.01] -4.66
GO TOBE 15t 156 -0.85] -0.92| -1.18] 1.09] 4.29] -2.91] -0.83 0.54] 3.42
Goias 19952005 157 -1.97| -3.68] 3.72 4.08] 7.46] -3.50| -0.74] 0.85] -0.57
Goia: 1972008 2.08 1.03] -1.30 0.20] 2.76] 3.62] -2.83] 0.51] 1.47| -0.61
Distrito Federe 197198~ 8.55 15.67 4.06| 15.00f 4.81| -0.01] -1.91] 11.68| -4.96|-30.99
Distio Feder | T98¢ 1998 10.28]  -1.38] -0.88] 1.93] 5.08] 8.61] -2.43] -0.96] -0.14] 5.52
Distrito Federe ] 199-200% -4.21]  -153] 532 439 -7.38 -4.57| -3.08) 2.20| -1.93] -5.02
Distrio Federe | 197200¢ 4.87 4.25| 2.84) 7.1 0.84] 1.35 -2.47| 431 -2.34/-10.16
Bras TO7ET08E 7.09 6.99 0.61] 005 2.49] -0.21] -2.06] 3.80] 0.96] -3.05
Bras TOBFT90% -0.81] -1.27] -1.26] -0.99] 2.25] 5.70] -2.65] -1.23] 0.43] 0.46
Bras 199%-200¢ 1.03]  -1.82[ -332] 151] 452 7.35 -3.31] -1.06] 1.53] 0.15
Brasi 197200 2.44 1.30 -1.33] 0.19] 3.08] 4.28/ -2.67| 0.51] 0.97| -0.82
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