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ABSTRACT

The Brazilian agricultural market is a key source of government revenues. Therefore,
many studies are being done to assess the sector’s productivity gain over time. However,
the regional analysis of agricultural productivity still is not investigated. This work
focuses on mapping the gain of agricultural productivity in Brazil in the years 1990-2012
by micro-region. After an overview of the behavior of productivity in the major regions,
will be studied the ten major crops relative to the production value. The soybean, sugar
cane, corn, coffee, cotton, cassava, rice, orange, bean and tobacco leaf crops accounted,
on average between 2010 and 2012, 83.5% of national production. These 23 years will
be divided into two periods, justified by the existing economic outlook at the time:
from 1990 to 2000 and 2001 to 2012. These two periods are compared in order to
analyze the evolution of productivity over the years.

Keywords: agricultural productivity; mapping; agriculture; micro-regions; Brazil.
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1 INTRODUCTION

Productivity gains in the domestic agricultural sector have always been the focus of
studies, especially in recent decades, as this sector has positive annual growth rates over time.
This reason leads several scholars to think about what are the determinants of this

sector’s growth.

According to Gasques (2009a), the Brazilian agricultural sector has expanded as a
result to an increase in productivity — mainly, due a large production. Their paper shows
that, between 1975 and 2005, the agricultural sector grew in the order of 71.7%, while
the annual growth in these thirty years was 2.51%.

However, the literature has focused on studies of the productivity gains in
certain economic sectors without addressing these gains in regional context. Thus, there
are few studies that seck mapping the productivity gains by regions, highlighting the
work of Gasques (2009b) and Freitas ez al. (2014). The first paper calculates the Total
Factor Productivity index (TFP) for the Brazilian Federation Units (FU) based on data
from the Agricultural Census. The second outlines a mapping of the production area
by Brazilian meso-regions.

This study aims to map the productivity gains of agriculture through a TFP model
for Brazilian micro-regions. For this, the used database will be the Municipal Agricultural
Production (PAM) between the years 1990 to 2012, released by the Brazilian Institute of
Geography and Statistics (IBGE). In addition, productivity gains will also be calculated
for large regions (North, South, Southeast, Northeast and Midwest), for the entire national
aggregate and for the ten major crops, all of them for the above period.

To calculate productivity, this study will focus on a model of TFP, based on
Christensen and Jorgenson (1970). The TFP models seek to determine productivity
from a combination of inputs. In addition, the Tornqvist formula will be used, since this
structure does not require the inputs to be perfect substitutes in production, and this
formula uses both prices referenced to a base period and prices for the period compared

(Christensen, 1975).

The time-line of the study covers the period 1990-2012 divided into two major
periods: 1990-2000 and 2001-2012. Thereby, productivity is estimated for these three
aggregated periods, being presented, for each one, its annual growth rate. This division
into periods is partly due to the inflection that occurs in agricultural trade gains in 2000,
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i.e., the upward trend in earnings between 1989 to 1999 with the strongest growth be-
tween 2000-2012 (Freitas ez al., 2014), and partly due the commercial opening of
the Chinese market since 2000, which increased the exports of primary goods in Brazil
and the financial crisis in Russia and China in the late nineties (OECD, 2005).

Therefore, the first section is intended to introduce the article. The second
section provides a brief history of the national and international scenario of productivity
gains in agriculture. Thereafter, the TFP methodology is displayed. The fourth section
discusses the database used and the composition of the data for the calculation of TFP.
The fifth section shows the results obtained and, finally, the last section presents the
conclusions of the article.

2 LITERATURE REVIEW

2.1 International Results

Analyzing the productivity of agriculture in international markets we should refer to
the work of the Organization for Economic Cooperation and Development (OECD)
which examined the global behavior of TFP in the years 1961 to 2007 (OECD, 2011).
According to the study, the rate of TFP growth shows a different behavior among the
world, comparing the years 1961 to 2007 with the period 2000 to 2007. In developing
countries and transition economies (Central and Eastern Europe), TFP has a growing
trend. However, in developed countries this growth rate is decreasing.

Investment in technology and expansion of the area are two examples of how
agricultural productivity can increase. However, developed countries already have a
high-tech production and a high utilization of usable areas. Developing and transition
countries, yet, can still implement more advanced methods in productions, as well as
use better the planting area. These are some of the causes of the result mentioned above.

TABLE 1
Average annual growth of TFP worldwide, by period (1961-2007)
(In %)

Period TFP

1961-1969 0.49

2000-2007 134

1961-2007 0.99

Source: Alston et al. (2010).
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The annual growth rate in the period 1961 to 2007 of China, Brazil and South
Africa stood out from the other countries. Table 2 shows that their growth was,

respectively, 2.05, 1.97 and 1.88 times greater than the rate worldwide in the same years.

TABLE 2

Average annual growth of TFP, by world regions (1961-2007)

(In %)
Region 1961-1969 2000-2007 1961-2007
North East Asia (mainly China) -0.12 2.83 2.03
South Africa 0.50 3.09 1.95
North East Latin America (mainly Brazil) -0.52 3.63 1.87
South East Asia 0.68 2.59 1.66
West Asia 1.06 2.04 1.64
South-East Europe 1.56 0.82 1.59
Andean countries (Latin America) 1.45 1.74 1.49
United States and Canada 0.86 033 1.29
Central Asia and Caucasus (Former Soviet Union) -0.56 2.47 1.28
Southern Cone Latin America 0.36 2.03 1.27
South Asia 0.77 1.70 1.23
North-West Europe 1.17 0.59 1.21
Eastern Europe (Former Soviet Union) 1.23 3.82 1.03
North Africa -0.10 0.95 0.89
Australia and New Zealand 0.93 -0.53 0.74
Central and Eastern Europe 0.63 -0.12 0.72
Sub-Saharan Africa 0.36 1.08 0.62
Baltic (Former Soviet Union) 1.96 2.28 0.61
Oceania -0.20 0.43 0.17
Asia (e.g. Japan, Korea) -7.47 1.80 -0.74

Source: Alston et al. (2010).

On the other hand, Japan and Korea stand adversely with a negative growth
rate average for the period. This result was driven by a high decrease in agricultural
productivity until the beginning of the 80s. Other regions that had lower negative rate in
1961-1969 rebounded in the next years and had positive average in the range of 1961
to 2007. Brazil was one of those cases, coming to have the third highest annual TFP
growth average in the aggregate.

Another important study in this area is Barros (1979). The author said that
agricultural policy was affected worldwide by the end of 1973. The priorities were changed,
causing the replacement of policy inputs by credit and substitution of imports.
According to Barros, this change in guidelines generated six consequences among the world:
i) absence of long-term investments policy; 7) partial modernization and concentrated
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in a few products and regions; iii) segmentation of the agricultural sector in domestic
and exportable; 7v) greater openness to the outside; v) pressure on food production; and
vi) exhaustion of the credit policy on level of efficiency, equity and currency stability.

For the above reasons, the gains in productivity and development of international
agriculture also contributed to boost Brazilian agriculture. So much so that the national
agricultural productivity achieved great gains in recent decades due to internal and
external factors, the theme of the next topic.

2.2 Brazilian results

Brazil is among the ten countries with the largest Gross Domestic Product (GDP) of
the world, which is in part generated by agricultural production. In terms of possible
planting areas, Brazil only has fewer areas than China, Australia and the United States.
For these reasons, studies on agricultural production are vast in literature, in particular
by the author José Garcia Gasques. However, there is a shortage of works that perform
this study on a regional basis, mapping the Brazilian agriculture.

Agriculture in Brazil has always been important as a source of GDP share.
Since the 40s, policies are geared to stimulate this sector. In the 40’s, was established the
first price control in the sector. In the 50%, the industrial model of import substitution
provided in addition to the price control also a command over the supply of goods, a
policy which strongly affected the agro food sector. This control continued until the
mid-80, when this policy was no longer efficient. Trying to reverse this situation, the
government removed the export licenses for primary products in 1987, but the measure
did not produce many effects on the real value of exportable goods, which continued to
decline. In the 90’s began a process of deregulation and liberalization of the agricultural
export market, leading Brazil to the current level of major exporter of these goods.

When analyzing the growth of the agricultural sector through the increase of
productivity, in the work Gasques ez 2/.(2012) the authorscalculate the TPF using the
following combination: agriculture, livestock and rural agribusiness; and factors of
production. As shown in Chart 1, the TFP index and the products are increasing over
time, and the index of supplies is practically constant. Thereby, they concluded that TFP
grows mainly with the introduction of new technologies that increase the productivity
of land and not by a greater amount of inputs.
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CHART 1
Comparison of TFP, product index and supply index (1975-2011)
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Source: Gasques et al. (2012).

Another strong point of national agriculture in recent years is the growth of
agribusiness focused on the food industry for export. According to OECD (2005),
between the years 1990-94 and 2000-03, the value of agricultural exports grew 73%.
Chart 2 shows historical growth rate of export and agro-food imports.

CHART 2

Evolution of Brazil's agro-food trade (1989-2003)

(In US$ billion)
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Source: OECD (2005).
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This study also shows that the main object of export of Brazilian agriculture has
been the soybean. In the 1990s, some facts boosted the export of this culture: 7) in 1996
there was the withdrawal from tax movement of goods and services ICMS) on exported
primary products, which cheapened the product and encouraged foreign markets; and
ii) the opening of the Chinese market for uncrushed beans, which increased the Brazilian
soybean exports to the country by 400% between 1996 and 2003.

Another line of study is to analyze the impact of agriculture on trade balance.
The paper made by Freitas ez al. (2014) shows the tendency of agricultural trade balances
between 1989 and 2012, wherein the dotted line represents the trend of sales and the
continuous line the verified balance, as shown in Chart 3.

CHART 3
Brazilian agricultural trade balance and its trend over time (1989-2012)
(In US$ Trillion)

Brazilian agricultural trade balances and its trend in time
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Source: Adapted from Freitas et al. (2014)

Analyzing Chart 3, it is concluded that the agricultural trade balance showed
two different behaviors: one between 1989 and 2000 and the other between 2001 and
2012. In the first case, the balances remained constant at a level of 10 trillion dollars;

in second period, the trade balance increased from 10 trillion dollars to more than 70
trillion dollars in 2012.
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According to study of OECD (2005), external and internal factors contributed to
this shift since the year 2000. Among the internal factors there is the change in production
structure that now have as main product soybeans, and then the goods of sugar cane,
pork, poultry and corn. Thus, the country reduced its dependence on the production
of coffee and orange juice, but still focuses its production in a few commodities. The
export of soybeans from Brazil to China jumped from 615,000 tons to 6 million tons
between 1996 and 2003.

In addition to this, the economic/political stabilization, the liberalization and
deregulation for exports, the elimination of taxes and tariffs — for example, the removal
of Tax on Goods and Services in 1996 to export primary products — and the increase
technology as a result of the national market liberalization — which boosted imports
of agricultural machinery — contributed to the agribusiness trade balance present these
disparities between the two periods mentioned above.

As for external factors there is the financial crisis in Asia and Russia in the late
90’s, besides the downturn in the agricultural market, also in this period. Nevertheless,
the export of agri-food jumped from 9.8 billion dollars per year to 16.9 billion dollars
between the periods 1990-1994 and 2000-2003, with strong momentum in 2000-2003.

For these reasons above, this study will mark out the division of the time-line into
two separate blocks, one between 1990 and 2000 and the other between 2001 and 2012.

3 METHODOLOGY

In the national and international literature, the most used index for measure productivity
growth in agriculture is the Total Factor Productivity (TFP). According to Thirtle and
Bottomley (1992), the TFP indexes measure the aggregate output per unit of aggregate
input, therefore providing a guide to check the efficiency of agricultural production.
In another concept, given by Gasques ez a/. (2009b), TFP can be interpreted as the
increased amount of product that is not explained by the increased quantity of inputs,
but the gains in productivity thereof.

There is more than one way to build a TFP index, like Torngvist index, Translog
method and Laspeyres index. The Torngvist index was chosen because it presents some
peculiarities regarding the other methods traditionally used:

13
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e the Laspeyres index assumes that all inputs are perfect substitutes and Tornqvist doesn’t;

* the Laspeyres index fixes prices compared to the base price, only varying quantities.
The Torngvist index considers prices year to year; and

* the Torngyist index, according to Diewert (1976), is also better than the translog
because the first function defines a more flexible production, i.e., this method
makes it possible to approximate the structure of production functions with more
arbitrary substitution possibilities.

The Tornqvist index for TFP is defined as follows:

SittSi(e-1)

l-[T_l Yie 2
TP _ l:1<yi(t—1) (1)
TFP(t—1) €je+Cie-1)

m Xjt 2

I\ X (e

Applying the logarithm function, the following result is obtained:

(T;f,:l) S 1(Szt+51<r—1>)ln< Ve 1)> - Ui (t—1)>ln(X e 1)>' )

where:

* Y and X, are the quantities of products and supplies, respectively;

e S and C are, respectively, the holdings of the product 7 in the total value of
production and the holdings of supplies ; in total input costs.

When there is only one factor, the TFP can be rewritten as:

(5t+5(t—1))

Fes)
TFPy _ \Y(t-1) (3)
TFP(-1) (CetCe-1)

)

X(t-1)

If St = S(t—1)=Ct= C(t—l):
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In this paper we will consider only land as a factor. For this reason, in our empirical
analysis we will use the simplified formula displayed in (4). Figure 1 illustrates the
composition of TFP and highlights the factors to be used in this article.

FIGURE 1
Scheme of TFP

Products

Permanent Temporary
Crops Crops

4 CHALLENGES TO MAXIMIZE PRODUCTIVITY

A survey on conditioning factors for technology adoption in rural establishments can be
found in Filho ez 4l. (2011). Among these determinants, one can mention: property size,
risk and uncertainty, human capital, property contract (lease, partnership, and property
rights), credit availability, labor force, infrastructure, market proximity, proper technical

assistance, soil characteristics. Several studies, for Brazil and international, show evidence
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that lower schooling and experience may affect negatively technology adoption. It may be
one of the important reasons explaining the lower observed innovation adoption in the
Northeast region, as compared to the South region. Property size can affect, for example,
the adoption of technologies that depend on a minimum scale; in these cases, small
producers can alleviate this problem by forming collaborative schemes. Besides, property
size is high correlated to other factors, such as credit availability and human capital.

Infrastructure also plays an important role because it will impact the attractiveness
of investments for increasing productivity. Establishments better served of roads network
connections will more likely have sufficient capital to spend in production improvements.
On the other hand, some new techniques require usage of ingredients (for example,
chalk for pH correction, among other benefits) demanding more transportation
efforts. If the infrastructure available is deficient, the establishment may have difficulty
incorporating the new techniques.

The credit lines, such as the ABC program' (a part of a plan for low carbon agriculture),
made available by the Brazilian government to quicken the diffusion of techniques
for sustainable agriculture, address one of the many determinants pointed out in the
literature. Another important factor, provided in part by the government programs, is
technical assistance. Increasing technical assistance coverage may be expensive though,
especially for remote areas in the country.

Several challenges have then to be taken into account for the success of the ABC
program in Brazil. One can list, for example:

(a) Provision of proper training and technical assistance for the adoption of the
new technologies;

(b) Support for research and development to improve the existing techniques;

(c) Provision of proper training for the financial agents and the rural technicians,
so they can analyze appropriately the ABC projects to be financed;

(d) Mechanisms for easier credit access, with less bureaucracy and fewer warranty
requirements;

(e) Implementation of policies of payment for environmental services generated
from the adoption of these new technologies; and

1. ABC — Low-Carbon Agriculture.
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(f) Implementation of tax and fiscal incentives for the produces adopting the new
technologies.

Even though the annual interest rate of 5.5% may sound attractive (for Brazilian
standards), we have to keep in mind that the overall program incentives may not be
enough; there are other incentive programs for rural producers, also with low interest
rates and good credit conditions. One example is the Pronaf10 (National Program for
Family Agriculture), available for small rural establishments. The Pronaf offers lower
interest rates than the ABC Program.

Another issue that has to be considered is property rights for the rural
establishments. As found in Bérner ez 2/. (2010), around 67% of endangered forest
areas in Brazilian Amazon contain rural establishments with ill-defined or non-clarified
tenure. Tenure problems may affect negatively ABC program penetration,
because normally the rural property is used as collateral in the credit contracts.
Therefore, rural producers without proper land ownership may not fulfill the

proper requirements for ABC credit.

According to data from Banco do Brasil (see Sambuishi, 2012), from June 2011
to July 2012, there were 3,552 contracts in the ABC Program credit line, totalizing
R$ 1.2 billion. Most of the contracts were directed to rural establishments in the South
and the Southeast regions (66% of all contracts). Therefore, we observe that less than
half of the total available amount in the program was actually taken as loans. Besides,

a regional heterogeneity was observed.

These figures on the ABC Program dissemination may be explained by the lack of
enough technical assistance to the potentially interested producers. Besides, more advertising
seems to be needed. Nonetheless, a more thorough evaluation of the program is
necessary so as to better pin point the main weaknesses, allowing future improvements.
As discussed above, land tenure and other issues influencing technology adoption may
also be investigated, so as to speed the diffusion of ABC techniques among producers in
all Brazilian regions. We believe that for the program to be successful, more instruments
have to be used, along with the special credit line. One way to proceed is to provide

tax incentives.
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5 EMPIRICAL ANALYSIS

The purpose of this work is to map the Brazilian agricultural productivity in a period
of 23 years of production, as explained in the introduction. For this, we used the data
released by IBGE from Municipal Agriculture Production (PAM). The research involves the
collection of 64 tillage crops data — 31 temporary and 33 permanent — on an annual basis.

The productivity mapping was based on the data collection of the ten major crops
by the average production value in reais between 2010 and 2012, not considering the
type of tillage: temporary or permanent. The selected crops represent 83.5% of the
national agricultural production, and contain two permanent crops (coffee and orange)
and eight temporary crops (cane sugar, cassava, corn, soybeans, herbaceous cotton, rice,

bean and tobacco leaf).

CHART 4
Percentage share of the ten largest crops in production value (2010-2012)
(In %)
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2. Permanent crops allow successive harvesting without the need for replanting. Temporary crops require replanting after
harvest, and are usually of short cycles.
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The study time-line covers the years 1990 to 2012, grouped in blocks of three years.
The reason for this aggregation is to reduce the variability of the produced quantities in
the event of an annual comparison. From these grouping periods, it was extracted the
following periods for analysis: 1990-1992; 1998-2000; 2001-2003; and 2010-2012.
The purpose of this segregation is to divide the data between two groups for comparison
between them and subsequently the analysis of the entire period.

Thus first it will be calculated TFP index for these four intervals; then it will be
stipulated annual productivity growth, making use of the following scheme.

First period annual growth =

1
Average productivity from 1998 to 2000>ﬁ. (5)
Average productivity from 1990 to 1992

sl

‘Average productivity from 2010 to 2012°\1
Average productivity from 2001 to 2003

(©)

Second period annual growth =

This separation into two periods of analysis is justified by the inflection occurring
in the agricultural market between 2000 and 2001, more especially for foreign policy
adopted by China and Russian and the international crises at the external agricultural
market, as explained in the topic 2.2. Thus, it is possible to study the different growth
rates between the two periods.

Productivity, according to the TFP model, is calculated using variables classified
as inputs and variables classified as products. In this study will be used the simplest form
of TFP model, which takes into account only one input (harvested area in hectares), and
a product (quantity produced in tons). Using this simplified model TFP corroborates
the fact that the scope of this work is to map agricultural productivity, and not set the
best inputs that determine the productivity of a sector. Thus, to avoid losing the focus
of the study, we chose to use only an input and a product.

In conclusion, to map the productivity of the agricultural sector in the country,
the area was divided into Brazilian micro-regions, geographical division established
by the IBGE.? Currently, the country is divided into 558 micro-regions distributed in
26 Brazilian states and the Federal District. To ease the mapping, micro-regions with

3. The term meso-region, an individual area in a unit of the Federation, which presents ways of organizing geographic
space defined by the following dimensions: the social process, as a key; the natural framework, as a condition; and the
communication network and places, as the hinge element. The micro-regions were defined as part of the meso-regions that
have specific about the space organization. These features relate to the production structure: the farming, industrial, mineral
extraction or fishing. The differentiated production structures may result from the presence of elements of the natural
framework or social and private economic relations. (Source: IBGE).
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production value less than 5% of the total value of output of national agriculture
(5% percentile) were excluded from the maps.

6 RESULTS

This study seeks to map the productivity gains of agriculture through a TFP model
for Brazilian micro-regions. For this, a mapping of the annual productivity growth
of the domestic agricultural sector will be done. Recalling that the mapping of
micro-regions shall be drawn for the ten crops that stood out in production value
between 2010 and 2012.

Chart 5 details the annual productivity growth of the agricultural sector between
1990 and 2012. The variability of the sector is elastic between the years, ranging from
more than 10% negative to over 10% positive. Between 1996 and 2001 there was a drop
of over 20% in annual productivity growth, and one reason for this decrease was the
measures adopted by the government since 1996 such as: exempt primary agricultural
goods of export of tax payment on Sales and Services — ICMS —, and the economic
stabilization process with the recent implementation of the Real Plan. Adding to this,
the international market in the late 90s went through an external crisis in the agricultural
sector and a financial crisis in Russia and China.

CHART 5
Annual growth in Brazilian agricultural productivity (1991-2012)
(In %)
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Nevertheless, since 2001, the trend of annual growth is reversed and it reaches, in
2008, annual percentage above 10% positive. Recalling that, since 2001 Brazil has a more
stable and growing economy — due, among other measures, to more balanced exchange
rate system, more controlled public accounts, low and stable inflation. The international

market also recovered from the 2000s, driven by the expansion of the Chinese market.

As shown in Table 3, it is observed that the highest growth rates of productivity
occurred from 2008 onwards, all above 13.56. The worst rates were observed between
1990 and 1992 and between 2004 and 2005, periods in which the yield was lower than
10. The quantity produced, on the other hand, always had positive annual growth, and
between 1990 and 2012 the increase was over 100% while the area harvested increased
during this period rose above 30%.

TABLE 3
Quantity produced, harvested area and yield in agriculture per year (1990-2012)
Year Quantity (ton) Harvested Area (ha) Productivity (ton/ha)
1990 467,389,637 50,514,696 9.25
1991 473,740,169 50,643,873 9.35
1992 498,814,490 50,714,599 9.83
1993 469,630,971 46,629,302 10.07
1994 520,514,224 51,354,033 10.13
1995 548,608,549 50,776,717 10.80
1996 548,625,801 45,733,907 11.99
1997 584,446,186 47,606,171 12.27
1998 587,795,254 46,795,724 12.56
1999 598,467,759 49,001,225 12.21
2000 590,724,953 50,197,382 11.76
2001 516,431,043 50,326,021 10.26
2002 538,452,298 53,158,726 10.12
2003 594,309,907 57,659,849 10.30
2004 612,727,494 61,998,723 9.88
2005 615,031,011 62,646,336 9.81
2006 677,297,005 61,349,475 11.04
2007 767,240,496 61,666,453 12.44
2008 876,384,279 64,616,551 13.56
2009 906,373,810 64,577,283 14.03
2010 950,374,088 64,550,603 14.72
2011 981,229,182 67,272,09% 14.58
2012 965,052,222 67,351,812 14.32

Source: PAM/IBGE.
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This boost in production can be explained in part by changes in the production
structure. In 1990, the ten main agricultural products according to production value
were in that order of magnitude: sugar cane, soy, corn, cassava, coffee, rice, orange,
bean, potato and banana. In 2012, this structure has changed to: soy, sugar cane, corn,
coffee, herbaceous cotton, cassava, rice, bean, tobacco leaf and orange. It may be noted
that by comparing the two lists, 8 cultures appear among the 10 most important
crops in both. This shows that these cultures have a historical importance in the

country’s agriculture.

Another factor driving these productivity gains in the agricultural sector were
the technological gains, as discussed in Gasques ez a/. (2009b). In this study, results
show that the incorporation of technologies such as improved machinery and research

development, especially by Embrapa, boosted agricultural productivity.

As noted above, the growth of national productivity was due to several structural changes
in production over time, and these changes of planted crops necessarily led to exploration
of new areas of cultivation. From above, as this study aims to map the agricultural
productivity between 1990 and 2012 by micro-region, will not be exploited productive

earnings related to technological innovations.

Map 1 shows an overview of how the productivity of permanent and temporary
crops is distributed between this territorial division between the years 1990 and 2012.
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MAP 1
National productivity as methodology (equation 4), by macro-regions (1990-2012)

Source: PAM/IBGE.
Note that the Southeast region had the highest productivity among all regions, with value 30.75 ton/ha. This result is almost four times higher than the Northeast region
with productivity of 8.12 ton/ha.

Complementing this general view, we can analyze how is the productivity growth
by micro-regions, without the separation by crops. The lighter area on the map
represents negative or zero annual growth of productivity and between 1990 to 2000,
it was concentrated mainly in the northern region of the country. This pattern changed
in the following period, and the North region started to have only few micros in this
class. From 1990 to 2000, 211 micro-regions had negative or zero annual growth of
productivity. In the period from 2001 to 2012 that number dropped to 157 micros, a
25% decrease (map 2).
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MAP 2
Annual growth of Brazilian agricultural productivity, by micro-region
2A -1990-2000 2B —-2001-2012

Fonte: PAM/IBGE.

Between 2001 and 2012, the region with the highest growth rate — Alto do Capibaribe —
obtained a rate of 40% per year (p.e.). Between 1990 and 2000, the maximum rate was
lower, only of 23% p.e., in the micro region of Franca. With this resul, it is possible to

compare and further analyze each culture by region.

After examination of the national productivity of the agricultural sector, in the
following sections productivity will be reviewed by micro-region and by soybean, sugar

cane, corn, coffee, herbaceous cotton, cassava, rice, orange, bean and tobacco crops.

6.1 Soybean crop

The first studied culture is the production of soy, since this culture is responsible for
approximately 25% of the average production values in agriculture between 2010 and 2012.
From map 3, we conclude that the production is concentrated in the Midwest and

South regions.
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MAP 3
Annual growth of soy productivity, by micro-region

3A —1990-2000 3B -2001-2012

Source: PAM/IBGE.

It can be seen that the annual productivity between 1990-2000 was even more
concentrated in the Midwest and South regions than the annual productivity between
2001-2012. In the first period, most of micro-regions of these areas had annual yield
growth above 8%, while in the second period, most of these micro stood in the range

with productivity growth between 5% and 7% p.y.

Another point to be noted is the amount of micro-regions allocated in the first
interval of 1990-2000 annual productivity growth map compared to the period 2001-
2012. According to the maps, in the first period, there were 38 micro-regions in the
interval of annual productivity growth up to 1%. In the second period that number
increased to 136 micro-regions, an increase above 250%. Most of these micro-regions
left the growth level between 2% and 7% to join in the range of up to 1% of annual
productivity growth.

It can be concluded that the number of micro-regions with soy production
expanded between the two periods. At first, 211 micro-regions had soy production,
rising to 236 micros on the second time. This trend can be explained in part by the
expansion of the agricultural frontier and also by the increased of planted areas as a
result of deforestation in the Amazon.

This expansion of the agricultural frontier observed between 2001-2012 confirms
the work of Bragagnolo (2012), which studied the TFP of Brazilian Federative Units.
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According to his work, there is an agricultural frontier in Brazil, i.e., places where
native vegetation creates a barrier for agriculture. Thus, planting is possible only through
deforestation, which prevents the expansion of planted area and makes agriculture present
in such regions essentially subsistence. Basically, this boundary is restricted to the states
of North and Midwest. The results of this study show that the states of the North
region presented the highest growth rate of TFP in the period (value), which suggests
an expansion of the agricultural frontier (see full table in the appendix).

Finally, according to the maps, it can be concluded that between 1990-2000,
the annual productivity was more concentrated in the micro-regions of the Midwest
and South regions. Among the periods of 2001-2012, the expansion of the agricultural
frontier has led to soybean production also in the North, decreasing the intensity of
production in the Midwest and South. Analyzing the two periods, it is concluded that
the annual productivity growth during 1990-2000 was greater than in the period 2001-2012.
In the first period 173 micro-regions showed yield growth above 2% per year and in
the second period were 100 micro-regions with this productivity growth. Nevertheless,
in both periods, most micro-regions had positive result in annual yield growth, since
between 1990-2000 only 19 micro-regions showed decreased productivity growth and
between 2001 to 2012 43 micro-regions had the same result.

6.2 Sugar cane crop

The second most representative crop in agricultural production is currently sugarcane.
Its production, historically, is encouraged by the State through subsidies, government
programs and facilitated credits, which led Brazil to be one of the largest exporters and
sugar producers. Nevertheless, it should be noted that since 1999 the State has been
liberalizing the market. According Moraes (2007), this liberalization led producers to
invest more in production technology, diversification of sugar cane varieties, use of by-
-products, cost control and even changes in market structure to the process of mergers.

On average between 2010 and 2012, the production of sugar cane represented
19.8% of all agricultural production, and it is intended for the production of sugar,
ethanol and some products such as sugar cane bagasse — used as fuel generating units
steam power. According to Kohlhepp (2010), Brazil is the largest producer and exporter
of sugar cane in the world, wherein from 1993 to 2001, its production was tripled.
Also according to the author, in 2010, 55% of the sugar cane harvest was for ethanol
production — the country is the second largest producer and consumer of this good.
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Looking at the annual productivity growth of this good it is verified on the maps
that in the period between 2001-2012 the annual productivity growth has increased
considerably in the Midwest and in the North regions. According Kohlhepp (2010),
the Inter-American Development Bank, Petrobras, Mitsui and Toyota are investing
heavily in the central region of the country for export production of ethanol, so much
so that distilleries are being built in the states of Mato Grosso, Mato Grosso do Sul and
southern Goiis.

MAP 4
Annual growth of sugar cane productivity, by micro-region
4A —1990-2000 4B —2001-2002

Source: PAM/IBGE.

Nevertheless, the sugar cane is produced in almost all the regions of the country,
with production in 482 micro-regions in 2012 and only 76 micros without production
of that good. However, this does not mean that sugar cane production is decentralized,
since data from the 2008/2009 harvest show that the production of sugar cane in the
states of Sao Paulo, Parand and Minas Gerais represent respectively 60.9%, 7.9% and

7.5% of national production.

Analyzing the dispersion of productivity between the periods of 1990-2000 and
2001-2012, the number of micro-regions that did not have any annual productivity
fell by 12%, going from 91 micro-regions to 80. However, the micro-regions which
exceeded the level of annual productivity greater than 1.03 jumped from 42 to 64 in
this period — an increase of 52%. Analyzing Table 4 it can be seen that the number of
micro-regions in the two shorter intervals decreased whereas the three biggest increased.

So it can be concluded that the productivity of this sector increased between these two periods.
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TABLE 4

Number of micro-regions, by annual productivity rate (1990-2012)
Classification 1990-2000 2001-2012 1990-2012
Missing Data 91 80 92
0.95-0.97 65 11 9
0.98-0.99 81 53 32
1.00-1.01 198 224 246
1.02-1.03 81 126 144
>1.03 4 64 35

Source: PAM/IBGE.

Therefore, despite the state allow greater liberalization and reductions of protectionism
of the sugarcane sector, producers are offsetting this loss by increasing technology and
productivity gains over the studied period. According to the Table 4, 321 micro-regions
increased their annual productivity by 1% or more between 1990 and 2000, while for
the period between 2001 and 2012, 414 micro-regions obtained growth of annual
productivity above 1%.

6.3 Corn crop

The third crop analyzed is corn production, which represents an average yield of 11.6%
of all production of the permanent and temporary crops between 2010 and 2012.
The annual production split in two growing seasons: one in the summer and one in
the winter. The production of this good is intended primarily as a main component of

animal feed, market in which Brazil is a major producer.

According to Ponciano et al. (2003), between 1990 and 1999 corn crop grew
60%, reaching 32 million tonnes. Data from the National Supply Company (CONAB)
shows that between 1990 and 2009, the production of those goods increased more
than 30 million tons. Much of this growth in corn production was due to the further
exploration of the second crop, better known as the winter crop. In 1990, the winter
crop was less than 2% of corn production, and this percentage jumped to 20 in 1999,
as can be seen in chart 6.
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CHART 6

Brazilian corn production in the first and second crop (1976-2009)
(In 1 thousand tons)

1976/1977
1978/1979
1980/1981
1982/1983
1984/1985
1986/1987
1988/1989
1990/1991
1992/1993
1994/1995
1996/1997
1998/1999
2000/2001
2002/2003
2004/2005
2006/2007
2008/2009

B 1 Harvest [l 2™ Harvest

Source: Caldarelli e Bacchi (2012).

According to Brasil (2007), in 1990 Brazil cultivated only 255 hectares of corn
in the winter crop. In 2004/2005, this number rose to 3 million hectares, an increase
of the area of 11 times. The study also highlights the increase in the Midwest in the
production of corn, which in absolute terms was the region with the highest growth in
corn planting. This increase in production in this region is mainly due to double crop
of corn and soybean. Thus, it was possible to increase the gains of the land where before
there was only one culture and also increase the production of the second crop of corn.
The importance of double crop between corn and soybeans is such that it will be later
explored in other work.

Ponciano ez al. (2003) also said that until the 80’s soybean crop failure was exploited
with growing wheat. In the 90’s, the economic gains of wheat fell and it was replaced
by corn. Corn production increased rapidly, mainly by domestic consumption, since
by mid-2000 Brazilian exports of this good was little. The production of Brazil was the
third largest in the world, but at the level of export it represented only 6%. Nevertheless,
this low level of exports was reversed. According to data from Ministry of Development,
Industry and Foreign Trade (MDIC), in 2012, Brazil exported 19.77 million tons, only
behind the US, which exported 20.96 million tons of corn.
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Data from the 2007/2008 harvest showed that corn production is concentrated
in the South, Midwest and Southeast regions of the country. The states of Parand, Mato
Grosso, Minas Gerais and Rio Grande do Sul represented, in the period, 51.04% of
production of this good.

MAP 5
Annual growth of corn productivity, by micro-region
5A - 1990-2000 5B —2001-2012

Source: PAM/IBGE.

According to the maps, the major focus of annual productivity growth between
1990 and 2000 was concentrated, primarily, in the Midwest, South, Southeast and
Northeast. This trend was softened when we observe the annual productivity growth
in the period 2001-2012, although the Midwest, Southeast and Northeast continue
having the highest annual rates. The darker area of the maps shows that these regions
have increased annually over 9% in the periods (1990-2000, 2012-2001).

Of the five map intervals, the number of regions in the two intervals with lo-
wer annual productivity growth grew over 17% comparing the maps of 1990-2000
and 2001-2012. However, the three major intervals decreased over 23% in number
of regions in this period. In the first period, 17 micro-regions had growth of annual
productivity above 9%, but this amount decreased to 13 micro-regions in the second
period studied. In the annual productivity increase between 7% and 9% in the second
great period analyzed, there was a decrease of 66% of the number of micros that no

longer belongs to this range.
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Despite the decrease in annual productivity growth of this crop, Brazil is still one
of the largest producers and the second largest exporter of this product. The decrease
in productivity growth occurred between the periods, but it can be concluded that of
the five intervals of productivity maps, only in one productivity decreased. In other
intervals, annual growth ranged from 1% to more than 9%. Thereby, it is concluded

that the annual productivity is growing at a more slowed pace.

6.4 Coffee crop

On average between 2010 and 2012, its production accounted 8% of all national
agricultural production. The cultivation of coffee began in the eighteenth century, in
the Amazon region and especially in the state of Rio de Janeiro. According to Winkler
and Souza (2012), Brazil is the largest producer and exporter in the world of commodity
coffee, representing 48.9% of the world market, according to data of 2009.

In the 90, the coffee sector suffered great turbulence by deregulation imposed
in this market, especially for the end of the International Coffee Agreements and
extinction of the Brazilian Coffee Institute. These international agreements imposed strict
price and exports quota controls and control the size of the coffee plantations made by
producers. This deregulation imposed on producers to produce higher quality coffee to
meet the new demands required by consumers, since, before this process, the producers

were concerned only in keep prices high and produce a homogeneous product.

Anceles (2013) said that with the deregulation of the sector, in the early 1990s,
world prices of sacks of coffee fell by oversupply and the Brazilian revenue from this
good has dropped considerably. Leme (2007) showed that the coffee sector reached the
highest recesses of history, since the system prioritized the sector’s productivity at

the expense of the good quality offered.

Study of Ribeiro (2002) shows that with the liberalization of the market, the coffee
sector can, for the first time, define their market strategies. This led to higher investment
in the sector with a view to improve the quality, dissemination, etc. So much so that
in 2004 was released the seal of Coffee Quality Program, which orders the qualities of

coffee offered in the market.
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According Oliveira ez al. (2008), with the increase in international coffee standards,
a restructuring of the domestic market was necessary to compete with foreign market.

Brazil had to stand out in the mechanization of farming and diversification of products.

As expressed in the maps, the coffee production is divided in two large blocks:
one is the North region and the other includes the Midwest, Southeast and states of
Bahia and Parand. The mapping shows the annual productivity growth of the sector in
intervals ranging from 6% decrease to an increase in annual productivity by 7%.

MAP 6

Annual growth of coffee productivity, by micro-region

6A —1990-2000 6B —2001-2012
Source: PAM/IBGE.

Map 6A has more micro-regions with high annual productivity growth than the
map between 2001-2012. In the larger range of annual productivity growth, above 7%
per year, there are 48 micro-regions in the first period and in the second period this

figure drops to 17 micro-regions, falling more than 64%.

In the range of 5% and 7% annual productivity growth of map 6A, there were 63
micro-regions. In the period 2001-2012 there was a drop of over 55% in the number of
micro-regions, with only 28 of them. This decrease is even more accentuated in the larger
annual productivity growth ranges in the state of Parand and in the Southeast region.

According Winkler e Souza (2012), in the 60’s, the state of Parand was the country’s
largest coffee producer, with 54% of national production. In 1975, the state suffered a
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severe frost which damaged the crop and plantations. After that, Parand never regained
space in the producing market, mostly because the cultivated area decreased. In 2012,

its production represented only 3.36%.

Studies of Pereira (2014) show that Minas Gerais is the main producer of Arabic
coffee in the country and has more than half of the establishments of production of
this crop. Given the appointed facts, this decrease in annual productivity in the state
of Minas Gerais and throughout the Southeast is because of deregulation have led
farmers to produce better quality coffee (due to higher consumer demand) in detriment
of productivity gains. Diversification and focus on quality began to fight for space with
productivity gains.

6.5 Cassava crop
The fifth analyzed culture is the production of cassava, which represents 4% of all national
agricultural production in the average of 2010 and 2012. The main uses of cassava are
the raw material of compound animal feed, human consumption in the form of cassava

flour and starch extraction.

According Valle e Lorenzi (2014), cassava is the seventh most produced crop in
the world, with 257 million tons produced in 2012, a volume that surpassed soybeans.
Alves (2012) showed that Brazil was the world’s largest producer of this good in the 60s,
with production of 22.2 million tons in 1964. This production level lasted until 1971,
when production reached 31 million tons. From 1972 to 1996 domestic production
decreased up to 24 million tons.

By mapping the productivity of cassava per micro-region, as shown in the maps
below, we can see a further evolution of the northern region in the production of
those goods comparing the period 2001-2012 with 1990-2000. The darker area on
the maps shows that the annual productivity grew at a rate above 3% per year, i.c., in
the 2000s, the North stood out compared to the rates of the last 1900s (when these

rates were lower).
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MAP 7
Annual growth of cassava productivity, by micro-region
7A —1990-2000 7B —2001-2012

Source: PAM/IBGE.

According Alves (2012), the large fluctuations in the market of cassava and the
low production of the 90s happened mainly by reductions in demand, granted subsidies
to wheat market, lower prices of cassava and competition with other assets that held
more efficient and competitive productive process such as corn. In the years since 1996
domestic production returns to warm up and in 2011 and exceeds 25 million tons.

Map 7 also shows that this crop is planted along practically all the domestic territory.
Between 1990-2000 and 2001-2012, this culture was not produced in just 17 and 18
micro-regions respectively. Note also that in the majority of micro-regions, in both
periods, annual productivity growth is in the range between 1 and 1.01. This means
that between 1990-2000, 257 micro-regions increased their annual productivity by up
to 1% and between 2001-2012, in 286 micro-regions this result was obtained.

According to Valle e Lorenzi (2014), Brazil produces cassava in most of its territorial
area of by the various productive systems. The varieties of this well has strong local
adaptation, but with reduced productivity. This results in a low national production.

The authors also ranked Brazilian regions according to the production of cassava
in 2010 and the result was: 7) Northeast, with more than 8 million tons produced;
ii) North with over 6 million tons produced; ii7) South with more than 5 million tons
produced; 777) Southeast with over than two million tons produced; and iv) Midwest

with production above 1 million tons.
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Although the Northeast region has presented the highest production in tons in
2010, the same does not occur with its growth rate of productivity. The above maps
show that in the larger interval of the study the productivity growth is above 3% per
year. In the first period 17 micros obtained this index, and in the second period this
rate was reached by 34 micro-regions. This increase of 100% in the number of micro-
-regions with annual yield growth above 3% between the two periods was mainly due
productivity increases in the North and Southeast regions of the country.

Another factor that positively account for the cassava market is the decreasing
number of micro-regions that had negative productivity between the periods. Between
1990-2000, there were 180 micros in the first two intervals of the maps (with decreasing
rate of annual productivity between 1% and 2%). Between 2001-2012 this quantity
declined more than 47%, going to 95 micro-regions.

Finally, despite the annual productivity growth is positive in most micro-regions,
this index increased at lower rates than other cultures studied previously. Currently, in
the North and Northeast regions, cassava is an important food supply to the population
and its production occurs through small local producers to supply these regions. In the
Midwest, South and Southeast, the productive systems have been restructured over the
past 40 years to make this market competitive. Therefore, the production of cassava
market still has little visibility and is far from reach the greatness of other cultures

discussed above, even with positive rates of productivity.

6.6 Herbaceous cotton crop

The last studied culture is the herbaceous cotton. Currently, cotton production is divided
into herbaceous cotton and cotton tree, with 90% of world production originated from
the herbaceous cotton. In Brazil, on the average between 2010 and 2012, 3.5% of all
agricultural production was a result of herbaceous cotton production, and according
Americo et al. (2013) Brazil is the sixth largest producer of that good.

This study also showed that until the 80s Brazil was one of the largest producers
and exporters of cotton in the world. However, the proliferation of the pest of cotton boll
weevil (Anthonomus grandis, Boheman) wiped out the cotton plantations in northeastern.
In addition to this plague, the internal migration of production to the central

region of the country drove the decline of cotton production in the Northeast region.
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In Brazil, cotton production is concentrated mainly in the Northeast and Mid-South.
According to Oliveira ez al. (2010), the environment is a key factor in the production
of cotton. As a result of climate differences in these regions, the Northeast cultivates the
cotton tree, while in Mid-South is used herbaceous cotton. As a result, Brazil is one of
the only countries that have two cotton crops annually.

Also noteworthy is the cotton production in the Midwest, since this crop is being
cultivated in alternation with the planting of soybeans. Thus, from the 90s, there was
a geographical shift in cotton production from traditional areas to the central region
of Brazil. In 2009, the central region already accounted 84% of the country’s cotton
production, highlighting the state of Mato Grosso.

Besides the interest of producers of the Midwest in producing cotton, other factors
also stimulate the production in the area. The weather and the flat lands enable greater
mechanization of farming that ends up boosting investments in the sector, in addition
to incentive programs established by public power. These externalities are making
cotton plantation in vegetation of the Brazilian interior (called cerrado) one of the most
productive of Brazil and even worldwide.

Looking at map 8, it is concluded that the productivity is concentrated in the
Midwest, Southeast and Northeast regions. Between 1990-2000 the annual productivity
growth was more intense than in the period 2001-2012 since it is more visible areas in
the first period with an annual yield growth above 11%.

MAP 8
Annual growth of herbaceous cotton productivity, by micro-region
8A —1990-2000 8B —2001-2012

Source: PAM/IBGE.
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Corroborating this concentration, Assad ez a/. (2010) shows that in 2005, cotton
production was concentrated in three major regions: 7) the North-Northeast, composed
by the states of Tocantins, Maranhao, Piaui, Ceard, Rio Grande do Norte, Paraiba,
Pernambuco, Alagoas and Bahia; i7) the Midwest Region, with states of Mato Grosso,
Mato Grosso do Sul and Goias; and 7i7) the South-Southeast region with the states of
Sao Paulo, Parand and Minas Gerais.

It is noted that compared with other cultures studied, herbaceous cotton draws
attention to two points: the production is concentrated in a few regions of the country
and the annual productivity growth is much greater than in other cultures, with
micro-regions with annual growth of productivity above 15%. Between 1990-2000 and
2001-2012, 233 and 153 micros, respectively, showed herbaceous cotton productivity
in a total of 558 micro-regions.

As for the growth of annual productivity, between 1990-2000, 19 micro-regions
obtained percentage above 11%, while between 2001 to 2012 this percentage was
obtained by only 4 micro-regions. Adding to this, in the first period, 69 micro-regions
showed negative growth of annual productivity up to 4% and in the second period, this
percentage occurred in 59 micro-regions.

Comparing the two periods, in all intervals there was a decrease of the number
of micros between 1990-2000 and 2001-2012. According to the table below, the main
changes occurred in larger intervals, when productivity growth is above 6% p.y.

TABLE 5

Number of micro-regions, by growth rate of annual productivity (1990-2012)
Class interval 1990-2000 2001-2012 Growth (%)
Missing data 325 405 24,62
0.96-1.00 36 56 -14,49
1.01-1.05 105 74 -29,52
1.06-1.10 40 16 -60,00
1.11-1.15 14 3 -78,57
>1.15 5 1 -80,00

Source: PAM/IBGE.

In view of the foregoing, the annual productivity growth between 1990-2000 is
higher compared to the period 2001-2012. In addition, when comparing the micro-regions
with cotton production, in the first period 29% of micro-regions showed negative growth
of productivity and in the second period this rate was 38%. However, it is worth

mentioning that 25% of micros with cotton production obtained productivity growth
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above 6% per year in the first period and more than 13% of the producing micro showed

that percentage in the second period.

6.7 Rice crop

The seventh culture with higher value of domestic production is rice, which between
2010 and 2012 represented 3.3% of Brazilian production. Brazil is the second largest
rice producer behind only the Chinese market. As for consumption, Brazil is the 10th
largest global consumer (da Silva e Souza ez al., 2010).

According Sosbai (2010), in 2009/10, the national average consumption was 45 kg
per capita per year, below the average world consumption which was close to 60 kg
per capita per year. The largest producer was China with 90% of the world’s production
and also the largest consumer with consumption between 100 and 150 kg per inhabitant

per year. In Latin America, the average consumption reached 30 kg per capita per year.

Rice production is divided into planting at high lands and irrigated. The states of
Rio Grande do Sul and Santa Catarina produce the first form while states of Maranhio,
Para and the Midwest region produce according the second form. The maps below,

however, show that rice production is spread in most of Brazilian micro-regions.

MAP 9
Annual growth of rice productivity, by micro-region
9A - 1990-2000 9B —2001-2012

Source: PAM/IBGE.
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Also according to Sosbai (2010), the state of Rio Grande do Sul accounted for 61%
of the national rice production in 2009/2010. It is the largest producing state of the asset,
which is divided between 133 municipalities. The state of Santa Catarina contributed
with 8% of national production, spread over 142 municipalities, but concentrated in
the coastal region and lower and middle region of the Itajai Valley.

Between 1990 and 2000, the state of Rio Grande do Sul presents, in most of the
micro-regions, declining productivity growth in the order of up to 3% per year.
Between 2001 and 2012, the same state presented, in large part of their micro-regions,
annual productivity increase above 2%, and in six micro-regions that annual growth
was 4% to 5%.

Opverall, productivity in both studied periods showed areas with positive annual
growth of productivity and areas with negative index. In the period 1990-2000, 70
micro-regions showed negative growth of annual productivity, while among 2001/2012
there were 80 micro-regions with these results, an increase of 14%. With the constant
or positive annual productivity growth in the first period there were 402 micro and 350
in the second period, a decrease of 13%.

Finally, the three largest categories had reduced the number of micro’s between
the studied periods. In the growth range above 5%, the reduction was 46%, down from

46 to 25 micro-regions.

According to Steinmetz ez al. (2013), one of the factors that influence rice
productivity is weather conditions. The levels of solar radiation and temperature changes
greatly impact the productivity of land.

Bassani and Breda (2012) suggests that Brazil is not a reference in the production
of rice, but has increased its planted area, improving the means of production and
investing more in more productive and resistant seeds.

We conclude that although most of the micro-regions of the state of Rio Grande
do Sul present productivity gains between periods, many micro decreased the growth of
productivity or even stopped producing those goods, given that in 1990/2000 only 86
micro did not produce rice and 2001/2012 were 128 micro-regions, increase of 49%.
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6.8 Orange crop

Eighth on the value of production between 2010 and 2012, is the orange crop, with
3.1% of the national agricultural production. Nevertheless, Brazil is the world’s largest
producer of orange and orange juice followed by the US. According Molin ez al. (2012),
in 2010 Brazil produced 19.1 million tons of orange on an area of 840,000 hectares
while the US produced 7.4 million tons in an area of 260 hectares. According to the
National Association of Citrus Exporters three of five glasses of orange juice consumed

in the world are produced in Brazil.

According to Diniz (2012), in 2010, orange production by regions had the
following distribution: the Southeast region produced 82% of national production, Sao
Paulo being practically the sole producer; the Northeast produced 10.4%, highlighting
the states of Bahia and Sergipe; the South region produced 5.82%; the Northern region
produced 1.4%; and the Midwest region produced 0.85% of national production.
The state of Sao Paulo produced approximately 77% of national production, followed
by the states of Bahia (5.45%), Minas Gerais (4.50%), Sergipe (4.45%) and Rio Grande
do Sul (2.00%).

As stated above, the state that stands out in orange production is Sao Paulo with
400 producing municipalities. According to Diniz (2012), the state of Sao Paulo produced
in 2012, 53% of all the world’s orange juice. Nevertheless, in 2007, the industry went
through a crisis due to the falling price of this commodity, driven by the following factors:
the fall in global demand; loss of space for sugarcane production; and conflicts between
orange growers and processing industries (dos Santos ez 2/, 2013). In 2012, another
crisis shook the sector because of high stocks of juice from the year before, which led
to loss of 204 million kilograms of orange.

Looking at the maps 10, it is concluded that, between 1990-2000, productivity
was very concentrated in the state of Sao Paulo, a trend that changed between 2001 to
2012 when productivity dispersed by the Southeast and the South states. The state of
Minas Gerais presented breakthrough productivity, especially in the central region and
the state of Parand, which had concentrated productivity in the northern region, has

expanded to the entire state.
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MAP 10
Annual growth of orange productivity, by micro-region
10A - 1990-2000 10B —2001-2012

Source: PAM/IBGE.

According Boteon and Neves (2005), the state of Sao Paulo was divided into four
poles: Bebedouro to Sao José do Rio Preto (northern state); Sao Carlos to Araraquara
(central region); Araras to Mogi Guagu (Southeast); and Bauru to Itapetininga (southern
region). The first two specialize in the processing of orange for industrial purposes, the
third pole turned his production for fresh consumption and the fourth is a newer pole
which also produces fresh fruit export-oriented.

An area that arouses attention on the map 10B is the northern region, more
specifically, the state of Amazonas. This state showed between 2001-2012 an annual growth
rate above 6%, while between 1990 to 2000 there was a decline of productivity growth.
The great variability arises from the low significance of the amount produced of this
good. As displayed in table 6, between 2010-2012, Amazonas produced 3,192 tons
of orange in an area of 200 hectares, and the state of Sao Paulo gathered in the same
period 282,000 tons of orange in an area of 10 thousand hectares. In 2001-2003, the
Amazonas state produced 1,156 tons of orange in an area of 214 hectares.

TABLE 6

Quantity produced and harvested area in Amazon state, per year (1990-2012)
Period Quantity produced Harvested area

(ton) (ha)

1990 to 1992 7,111.30 131.18
1998 to 2000 8,804.90 216.00
2001 to 2003 1,156.51 214.10
201010 2012 3,191.82 199.95

Source: PAM/IBGE.
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Table 6 shows that since 2000 there was a significant drop in the amount produced
with a small improvement from 2010 to 2012. The climate of the Amazonas state contributes
to the planting of orange, but the lack of technology combined with the high temperatures
of this region, which stimulate the spread of pests, prevents large-scale production.
Thus, these productivity gains result from seasonal factors and not from better land use.

Finally, between 1990-2000 and 2001-2012 there was an increase of 85 micro-regions
that showed positive annual growth in productivity, while 95 micro came out of
negative annual growth range (0.91-1.00). As for higher growth intervals, above 5%,
the number of micro-regions remained constant between the periods, but with changes
in the productivity of municipalities.

6.9 Bean crop

The bean crop, between 2010 and 2012, represented 2.9% of national agricultural
production, which put this culture in the ninth position among the most produced
agricultural products in Brazil. According Torres ez al. (2013), in 2011 Brazil was one
of the largest producers and world consumers of beans, with production of three million
tons per year and consumption of 17.5 kg per inhabitant per year.

Brazil, Nigeria, India, Myanmar, China, USA, and Mexico account for 65% of
world production of this good. Brazil stands out in bean production as it is a crop that
can be grown all year round and in almost all regions of the country.

The production of bean is carried out largely by family agriculture, which represents
67% of national production. Nevertheless, the beans are produced by small and large
producers, and the states that stand out in production are Parand and Minas Gerais. In
the Northeast region, the production is basically family and productivity is low due to
the lack of incentives, bad seeds, unprepared soil, diseases cultivation and low applied
technology (Borges et al., 2013).

Another big producer of this well is the state of Bahia, with production in the
2010/2011 harvest of 45 sacks per hectare. Nevertheless, the areas planted have been
declining in the state with the expansion of soybean cultivation.

According Torres et al. (2014) in crop of 2010/2011 the national average yield
was 1,042kg per hectare, low productivity compared with other countries and other
times. One factor that determines this low productivity is the poor quality of seeds
used in production.
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As maps 11 show, the bean crop is basically in all micro-regions. Only 4 of them
did not produce in 1990-2000, number that increase to 16 between 2001-2012.
Nevertheless, in the first period, the annual growth of productivity was more intense
in the Midwest and Northeast regions and in the states of Sao Paulo, south of Minas
Gerais and Parand. Among 2001-2012, the micro-regions with annual growth above 6%
decreased considerably falling from 54 to 11, down of 80%. The regions in the range
between 5% and 6% fell 41%, going from 71 to 42.

MAP 11
Annual growth of bean productivity, by micro-region
11A —1990-2000 11B —2001-2012

Source: PAM/IBGE.

In contrast, in the range between 0.98 and 1.00, band of reduced productivity
growth, there was a 53% increase in the number of micros between the periods 1990-
2000 and 2001-2012, going from 103 to 158 micro-regions. In the other bands the
changes were less accentuated: from 1.01 to 1.02, 9% increase in producing micro and
9% decrease in the range of 1.03 to 1.04.

Despite this, between 1990-1992 and 2010-2012, the average of annual quantity
in tons produced was respectively 4,707 and 5,799, an increase of 23%. According
to Wander (2007), the growth of bean production between 1975 and 2005 was from
35.2%, highlighting the states of Goids, with an increase of 135.8%, Bahia (103.3%),
Parand (99.6%) and Minas Gerais (90.7%).

It is concluded that the bean crop has been decreasing productivity growth over

the past two decades. The production grows at a more modest rate and occurs in almost
all micro-regions thanks to its family production structure.
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6.10 Tobacco leaf crop

The last studied culture is the crop of tobacco, which accounted for 2.5% of national
agricultural production between 2010 and 2012. Although this production is not as
expressive (10th in the country), Brazil is the second largest world producer and the
largest exporter, since 85% of tobacco production is exported. This comparative advantage
is due to production costs that are much lower than other countries, for example,
4.5 times less than in the US and 7.5 times lower than in Europe (da Silveira and
Dornelles, 2010). As for imports, Brazil is among the top ten importers, which shows

that the country’s economic strategy is the export of such goods.

According to de Oliveira Fonseca (2011), the region that stand out in the smoke
production is the South region with 96.8% of national production. According to
2008 data, the state of Rio Grande do Sul produced 52.35% of domestic production
followed by the states of Santa Catarina and Parana with respectively 27.10% and
17.39%. These three states produced in 2008 respectively 445,507, 230,641 and
148,036 tonnes of tobacco.

The second leading region in the smoke production is the Northeast with 3.1%
of national production. The states of Alagoas, Bahia and Sergipe combined produced
in 2008 25,196 tons of tobacco. This low output is partly due the low productivity
compared with the South, as the annual productivity in the Northeast was 1,012 kg per
capita against 2,029 kg per inhabitant of the southern region (de Oliveira Fonseca, 2011).

Analyzing the maps 12, it appears that the smoke production occurs primarily in
the South and Northeast, in the second especially the state of Bahia. Between 1990-2000,
some micro-regions of Southeast produced tobacco, but in the period of 2001-2012,
there was no production on them. During this period, there are only 120 producing
micro regions against 167 between 1990-2000.
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MAP 12
Annual growth of bean productivity, by micro-region

12A -1990-2000 12B -2001-2012

Source: PAM/IBGE.

This difference in production scale between the two regions is due to several factors,
among which may be cited: 7) significant investments in technology; i7) selection of
clear tobacco produced in the southern region which is intended for the manufacture
of cigarettes; 7i7) the climatic characteristics of the South that are more favorable to the
soil formation; and 7v) in the northeast the production is basically of the dark tobacco
which is intended for the manufacture of cigars and cigarillos.

As for the productivity growth of that culture we highlight the decrease in the
number of micro regions in the most productive bands between the two periods.
In the annual growth range above 5%, the number of producing areas fell from 12 to 6.
In the range between 4% and 5%, this drop was from 17 micro-regions to 2. In contrast,
in the range of up to 1% of annual productivity growth there was an increase of 66 to
76 producing micro-regions. In addition to that, the number of micro-regions with
negative productivity growth fell from 37 to 10 areas.

From the foregoing, it is concluded that the micro-regions lost productivity gro-
wth when leaving the range of annual productivity greater than 2% to the range of up
to 1% growth. The Northeast region has suffered the greatest impact of that decreased
productivity. In addition to this, the producing areas shrank between periods, with
great concentration throughout the South region and in the state of Bahia.
The North presented some productivity focus, but that’s because seasonal effects of low
mass production of this region, which accounted for only 0.2% of the average national
production between 2010-2012.
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6.11 Agricultural productivity by crop

To end this section we calculated the annual productivity per crop in order to get an
overview of the productive behavior of the ten studied cultures, as shown in Table 7:

TABLE 7

Annual productivity growth, by crop (1990-2012)
Crop 1990-2000 2001-2012
Soybean 1.0272 1.0059
Sugar cane 1.0080 1.0056
Corn 1.0300 1.0243
Coffee 1.0388 1.0124
Cassava 1.0047 1.0028
Herbaceous cotton 1.0433 1.0155
Rice 1.0293 1.0287
Orange 1.0129 1.0112
Bean 1.0272 1.0287
Tobacco leaf 1.0067 1.0051

Source: PAM/IBGE.

It can be seen that the best performance was of the cotton crop between 1990-2000,
since it’s annual growth productivity was 4.3% per year. Nevertheless, this rate fell to
1.5% p.y. in the period between 2001-2012. The crops of sugar cane, cassava and tobacco
have almost stagnation in both periods, when there was no productivity gains in any of
the periods analyzed. As for the other cultures, they showed similar performance to the
cotton crop. With the exception of beans, they all had better productivity in the first
period than in the second. The bean crop, however, showed a very similar behavior in
both periods, with a slight increase in productivity gains between 2001-2012.

Thus, of the ten cultures, six decreased their growth rate in productivity between
the two periods, three remained stagnant and one showed a slight improvement.
That said, it is concluded that the productivity gains are more expressive between 1990-2000
compared with the period between 2001 and 2012.

7 CONCLUSION

The national agricultural sector between 1975 and 2005 grows more than 71%, with
annual average rate of 2.51%. Studies show that much of this positive result is due

productivity gains in the sector. This study aims to map the annual productivity of the
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agricultural sector by micro-region focusing on ten major crops in value of production
between the years 2010 and 2012.

The empirical analysis was based on the Municipal Agriculture Production Research
(PAM), released by IBGE, between the years 1990 to 2012. Production data are the
aggregation of information from temporary and permanent crops and to define the ten

most important cultures between 2010 and 2012, we used the value of production in reais.

The productivity was calculated by the total factor productivity model (TFP) by
Tornqvist index, as Equation 4. In our study is used an input (harvested area per hectare)

and a product (quantity produced in tonnes), both by micro-regions.

It is worth mentioning that, as expressed in Christensen (1975), the use of partial
productivity models are not as accurate as the TFP models. The TFP models seek to
determine productivity from a combination of inputs, avoiding not accounting an input
that can be decisive in the productive growth of the studied sector/good.

Nevertheless, the focus of this study is to map the productivity of the agricultural
sector by micro-region and not discover all the determinants of productivity. That said,
it was decided to use a streamlined version of the productivity model to not disperse
the scope of this work. In a later study may be proposed a mapping using a model with
multiple inputs and outputs.

The productivity of the domestic agricultural sector in 1990 jumped from 9.25
ton/ha to 14.32 ton/ha in 2012, an increase of approximately 55%. However, the annual
increase of productivity had a slightly elastic behavior, ranging up to 20%. The period
that presented the best annual rate of productivity growth was between 2001 and 2007,
when the rate went from 10% to negative 10% positive, and the worst year was 2001.
Between 1994 and 1996, the annual growth rate also showed a strong upward trend.
Economic stabilization built by the Real Plan, the external crisis by the end of the 90s
and subsequent recovery of the international market, especially the Chinese rise,
contributed to this variability in the rate of productivity growth.

By mapping productivity by regions, it appears that currently the Southeast region

is the one with the best values, with productivity 30.75 ton/ha. This value is almost four
times higher than the next best large region, the Northeast (8.12ton/ha).
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Then the mapping of productivity growth was done by micro-region for crops of
soybeans, sugar cane, corn, coffee, cassava, herbaceous cotton, rice, orange, bean and
tobacco leaf. In assessing the annual productivity between 1990-2000 and 2001-2012,
most micro-regions showed positive rate of annual productivity growth, with the difference
only in the intensity of that growth. Some producers micro-regions of soy, cane sugar,
corn, coffee, cassava, cotton, rice, orange, bean and tobacco arrived to grow its annual
productivity respectively by 10%, 3%, 9%, 7%, 3%, 15%, 5%, 6%, 6% and 5%. Never-
theless, all studied crops obtained micro-regions with a negative growth of productivity.
In herbaceous cotton crop, for example, between 2001-2012, there were micro-regions with
annual productivity growth of -7%. Between 1990-2000, the cultures of coffee, sugar
cane and cassava had micro-regions with annual growth of, respectively, -6%, -5%
and -4%. In the orange crop, this result were even worst: a negative growth rate of 9%.

Despite the great variability between the two ranges, it can be concluded that
analyzing the annual growth rate of agriculture productivity the crops of soybean, corn,
coffee, cotton, rice and orange obtained better results during 1990-2000 compared
with 2001-2012. On the other hand, cultures of sugarcane, cassava and tobacco
showed stagnation in both periods. Finally, the bean crop presented a slightly better
result between 2001-2012.
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APPENDIX A

TABLEA A1

Annual average growth rate, by state (1975-2005)

(In %)
State Growth of agricultural product Variation in harvested area Variation in TFP
Ronddnia 1.2 -1.9 6.7
Acre 3.8 0.7 6.5
Amazonas 6.0 3.1 9.1
Roraima 0.5 20 10.3
Para 34 0.9 6.5
Amapé 22 34 9.6
Tocantins 5.7 1.2 4.4
Maranh&o 1.7 -0.4 29
Piaui 1.8 0.5 2.1
Ceard 1.4 -1.2 -0.2
Rio Grande do Norte 2.3 -2.0 -0.9
Paraiba 0.2 -1.6 -0.1
Pernambuco 0.9 -0.8 1.1
Alagoas 0.7 -0.2 1.1
Sergipe 1.7 0.5 1.8
Bahia 3.1 1.4 5.4
Minas Gerais 3.2 0.0 25
Espirito Santo 33 0.0 43
Rio de Janeiro -0.7 -1.8 24
Sao Paulo 2.4 0.2 2.1
Parana -0.4 0.0 26
Santa Catarina 24 -0.8 23
Rio Grande do Sul -1.3 -1.1 24
Mato Grosso do Sul 1.5 0.3 4.2
Mato Grosso 6.4 34 9.8
Goids 2.1 0.2 2.7
Mean 24 0.2 3.2

Source: Bragagnolo (2012).
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