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Abstract: The characterization of dairy farming is fundamental for the sector, as the information
obtained directs institutional and public policy actions, which contribute to the development of
the milk production chain. The objective of this research was to highlight and analyze two points:
identify the spatial concentration of production and investigate the existence of centers specializing
in milk production; evaluate the sources of growth in dairy farming in micro-regions of Para and
verify their participation in the growth and productivity of the herd. Regarding specialization in milk
production, in the initial year of the study, there were nine specialized micro-regions; however, in
the final year, only six fell into this classification, being Parauapebas, Marabd, Tucurui, Redencao,
Sao Félix do Xingu, and Altamira. Southeastern Pard stands out as the main dairy hub in the state,
which encompasses municipalities with a tradition in dairy farming, such as Agua Azul do Norte,
the largest state producer since 2012. The effective growth in milk production from the 1990s to 2020
showed an increase in state production of 3.23% per year, with a greater contribution to this growth
in herd productivity gains than in relation to the expansion of the herd; however, ten micro-regions
presented a negative average annual growth rate, being located in the Northeast of Para, Marajo, and
the Metropolitan Region of Belém, a result resulting from the reduction of the herd expansion effect,
as the productivity effect of all micro-regions exhibited positive rates, with the exception of Cametd
and Arari. The sharpest decline occurred in Arari, with a sharp drop in milk production, number
of animals milked, and cow yield. The twelve micro-regions with positive annual rates are located
in the mesoregions of Southeast Para, Southwest Para, and Baixo Amazonas, nine associated with
intensive growth and three more linked to extensive growth. In general, the results show that the
regions specialized in the activity are more articulated, presenting the highest percentages in terms of
quantity produced, herd milked, and financial movement, compared to non-specialized locations.
Through analyses, it is possible to obtain a better understanding of the regional growth process, with
a focus on dairy activity, as the information and particularities of properties are fundamental to guide
public and private institutions on the reality and existing problems, enabling readjustment and new
policy formulations with the aim of alleviating producers’ limitations, as well as enhancing growth
and reducing intra- and inter-regional imbalances.

Keywords: agriculture; spatial concentration; sources of growth; milk production

1. Introduction

Rich in calcium, vitamins, and proteins, milk is the most consumed food in the
world [1]. Therefore, its production chain has high socioeconomic importance in generating
jobs and income. In Brazil, the third largest dairy producer in the world, it is estimated
that 4 million workers are involved throughout the chain, which produced approximately
35.3 billion liters in 2021 [1].
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The activity is widely spread across Brazilian territory, with the highest concentration
(%) in the states of Minas Gerais (27.34), Parana (13.09), Rio Grande do Sul (12.1), Goias
(9.0), and Santa Catarina (8.85), responsible for 70.38% of national production. It is an
activity that presents peculiar characteristics, marked by the immense structural difference
in the means of production, varying according to the socioeconomic, climatic, and cultural
conditions of each region and producer [2,3].

Dairy farming in Brazil is largely developed on small family farms that produce little,
with the minority of medium- and large-scale producers accounting for the largest volume
of milk produced. Furthermore, the activity is diverse in terms of herd specialization, tech-
nologies used in the process, product quality and management, and form of organization of
those involved in the production chain, with some being integrated into the vertical and/or
horizontal form of production. In fact, some producers do not have dairy production as
their main productive branch, making it difficult to group by scale, herd specialization,
and adoption of technological instruments to represent the dairy production chain, even in
dairy basins [4,5].

In the Amazon states, dairy farming is closely linked to family farming with diversified
production systems and the exploitation of annual and perennial crops. According to [6],
the heterogeneity in these states is more pronounced due to the majority of production
being carried out by small producers. The obstacles for small properties are related to
the price of the product, since prices are lower when compared to large productions, as
well as they purchase inputs at higher prices, making it difficult to adopt technologies on
these properties. Producers who are unable to keep up with modernization end up selling
their products in the informal market or, in some cases, leading to their exit from the dairy
production sector [4].

The state of Para is the second producing state in the regional ranking, being responsi-
ble for 28.21% of production; in third place is Tocantins, with 19.88%; and in first, Rondénia,
contributing 46.92% of the quantity produced. Together, they represent 95.01% of the total
produced in the north region. The development of regional dairy activity can replace the
import of dairy products from other regions of the country, avoiding high transport costs
and contributing to local production movement [2,7].

In these three states, a small number of properties have specialized herds, but tech-
nological advances have occurred, made possible through financial incentives and the
adoption of correct health and pasture management techniques. Highlighting the state of
Para, the activity has shown intense growth since the 1970s due to factors linked to the
lower opportunity cost of land and labor, ease of access to rural credit, strengthening and
expansion of the dairy agroindustry, and the possibility of developing cattle breeding with
dual aptitude, a positive point for producers, with another income alternative, changing ac-
cording to the conditions imposed by the market, making the activity attractive, especially
for family farming [6,8].

In 2020, state production reached 600 million liters of milk, concentrated in the mesore-
gion of Southeast Para, responsible for 70.17% of the total. The Southwest Parense and
Lower Amazonas Mesoregions contributed 13.11% and 11.97%, respectively. The smallest
shares occur in the Northeast of Para, Marajo, and Metropolitana de Belém, with 2.66%,
1.40%, and 0.69%, accounting for 4.75% of the quantity of milk produced. Over the last
three decades, dairy production has shown significant progress, approximately 159.47% [1].

Growth in milk production can occur through two means: the first is by increasing
the number of cows milked, called extensive growth; the second is by increasing the yield
of each animal, resulting in increased productivity, classified as intensive growth, or by
the combination of these two means. Measuring this growth is possible by decomposing
the two effects that influence milk production, being the herd expansion effect, given by
quantifying the increase in the herd of milked cows and the animal productivity effect,
defined by L/cow /year [9].

Given the relevance and expansion of dairy activity in the state of Para, this research
was developed with the objective of highlighting and analyzing two points: (1) identify
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the spatial concentration of production to ascertain the existence of hubs specialized in
milk production; (2) evaluate the sources of growth in dairy farming in the micro-regions
of Para, with the purpose of verifying the participation in growth of the herd expansion
effect and productivity effect.

2. Materials and Methods
2.1. Study Area and Data Sources

The state of Pard is made up of 6 mesoregions, distributed in 22 micro-regions
(144 municipalities), with approximately 1,245,870 km? (second largest state in Brazil)
and 8,602,865 inhabitants [10]. The research area is made up of 22 micro-regions of Para
(Figure 1).

MAP OF THE MICROREGIONS OF PARA
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Figure 1. Location of the micro-regions in the state of Para.

The research was based on the collection of secondary data from the Brazilian Institute
of Geography and Statistics (IBGE), the country’s main data and information provider,
with information from the Agricultural Census between 2006 and 2017 and the Municipal
Livestock Survey (PPM), with elements available from dairy farming. For plotting and
formulating graphs and tables, the Microsoft Office Excel 2016 package was used.

2.2. Analysis Models
Analysis of Indicators of Spatial Distribution and Specialization of Dairy Farming

Information regarding establishments with dairy production in the micro-regions
of the state of Para (IBGE). Subsequently, the Locational Quotient and Locational Gini
were adopted. According to Crocco et al. [11], the indicators (QL and GL) verify spatial
distribution, identify regional specializations, and map regional changes in economic
activities, which may be due to processes of economic concentration or decentralization.
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The QL is a traditional indicator in regional economic studies, with the purpose of
determining the relative specialization of a location, in relation to the region to which
it belongs, in order to make a comparison between the two spaces in relation to certain
economic activities.

To calculate the levels of specialization of the micro-regions that develop dairy farming
in the state of Para, the formula was used whose base variable is the value of VP production:

VP,
QLEZif)) g

VPeeo

where VPij = value of milk production in micro-region j; VPej = value of agricultural
production in micro-region j; VPie = value of milk production in Pard; VPee = value of
agricultural production in Para.

Milk production data in each micro-region were taken from the IBGE Automatic
Recovery System. For the value of agricultural production, the values of all available data
on Paré production were added.

QL results greater than 1 mean that the micro-region (j) has greater relevance in the
state context of dairy activity, in relation to total agricultural activity, which can be classified
as specialized in the milk production chain. If the QL result is less than 1, it means that the
micro-region is not specialized in dairy production.

The Locational Gini is an indicator of the spatial concentration of a certain activity or
economic sector [12]. This calculation was used to measure the spatial distribution of each
micro-region in the state of Par4, in relation to the milk production chain, with the same
basic QoL information.

The GL varies from 0 to 1. The closer to one, the activity of high concentration is
considered [11,13]. Therefore, it can be concluded from this work that when the analysis
found is close to 1, the more concentrated the activity is. The results found can be explained
as follows:

GL close to 1: the activity is more concentrated (it is not uniformly distributed in the
micro-regions of the state of Para). It is GL close to 0: less concentrated is the activity (it is
uniformly distributed in the micro-regions of the state of Para).

When calculating the GL, it is necessary to organize the micro-regions in decreasing
order of QL, constructing the so-called location curve. For this, it is necessary to define the
variables X and Y, which represent accumulated proportions [12-14].

On the horizontal axis, it represents the variable resulting from the denominator of
the QLs (VPej and VPee). In this way, with the value of the indexes calculated for each
micro-region, the accumulated proportion of these values can be calculated on the X axis
of the location curve diagram. The vertical axis displays the variable Y, which depicts
the accumulated proportion of milk production in each micro-region j in the state’s milk
production, comes from the numerator of the QLs (VPij and VPie). Then, with the results
of the indices for each micro-region, the accumulated proportion of these values can be
calculated on the Y axis of the diagram.

If the percentage values (vertical and horizontal axis) presented are the same, the
location curve will cross the 45-degree diagonal that is drawn from the origin of the axes. If
the values are different, it will result in a location curve placed higher and to the left of the
diagonal, thus demonstrating the magnitude of the distance, as it will indicate greater or
lesser concentration (Figure 2).
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Figure 2. Location curve and concentration area used to calculate GL. Source: Moura and Santos [12],
Suzigan et al. [13].

Axis Y: Accumulated share of the value of milk production in each micro-region j
in state milk production; Axis X: Share of the value of the agricultural activity of each
micro-region j in state agriculture.

The next step is to determine the GL concentration, shown by o on the graph. It is
calculated as follows: first, the total area above «, which is the area of each triangle and
trapezoid formed above and to the left, as represented by S;:

[(Xj+Xj=1) x (Yj = Yj—1)]

§j = 5 @

S is obtained by adding the areas S;j:

s- % [(XIJFXFl); (Y —Y-1)] _ isj 3)
j=1

=1

where 7 is the number of micro-regions (=1, 2, ..., 22, in this study).
Then, « is given by:
x=05-S5 (4)

By definition, GL is the ratio of the concentration area () and half the area of Figure 1
(corresponds to 0.50). Like this:
GL =a/0.5=2a ©)

2.3. Analysis of Sources of Growth in Dairy Farming

The statistical model used was the shift-share or structural differential method, based
on the article by Moura and Santos [12], adopting that the variation in milk production can
be due to the size of the dairy herd or changes in individual productivity. Based on the
variant of the method used in the aforementioned author’s study, the analyzed variation in
milk production (AQ), in a given period, can be simulated as follows:

AQ=Qr— Qo (6)
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Qo and Q are, simultaneously, milk production in the initial year (year 0 of the
research) and in the final year (year t of the research), in a given period of interest.

The information is taken from IBGE on the quantity of milk produced (Q) and the total
number of cows milked (CM), referring to each year, thus calculating the herd productivity
(PDT). The calculation performed for each year (0 and t) is as follows:

Qo = CMO x PDT) (7)

Qt =CM; x PDT; (8)

The variation in production, between these two periods, is found with the formula:
AQ = (CM; x PDT;) — (CMy x PDTy) 9)

If the variation occurs exclusively from the variation in the number of cows milked,
production in year t will be equal to:

Q"M = cM; x PDT, (10)

This will give rise to the herd expansion effect (HEE):

HEE = Q*M— Q, (11)
or
HEE = (CM; x PDT;) — (CMy x PDT)) (12)

The productivity effect (PE) is acquired per residue, subtracting it from the milk
production in year t, the variation occurs exceptionally in the number of cows milked:

PE=Q; — Q™M (13)
or
PE = (CM; x PDT;) — (CM; x PDTy) (14)

It will reflect the variation in milk production resulting solely from the increase in
productivity. Moura and Santos [12] mention that Qy and Q; are observable values, while
QCM is an unobserved (hypothetical, estimated) value.

With the HEE and PE results, presented in absolute form, their sum will correspond to
the total variation observed in milk production:

(Qt — Qp) = HEE + PE = (Q"M — Qp) + (Qs — QM) (15)

The results obtained will be described in average annual growth rates, thus being
expressed as a percentage. Therefore, both sides of Equation (15) are divided by (Q:— Qp).
Subsequently, both sides are multiplied by:

/8
r-( o 1> 100 (16)

r = average annual growth rate of milk production in %;
p = root index (extension of the analysis period).
Obtaining it this way:

r:(QCM_QO)r—i—((Qt_QCM))r (17)

(Qr — Qo) (Qr — Qo)
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The first term represents HEE (right side) and the second PE (left side), expressed as
a percentage.

3. Results
3.1. The Specialization of Dairy Production in the Micro-Regions of Pard

The QL results highlight the micro-regions specialized in dairy activity, QL > 1,
calculated from the latest Agricultural Censuses [15,16]. The sectoral dynamics, referring
to milk production in the 22 micro-regions of Para, portray a heterogeneous expansion,
changing the map of the geographic distribution of state activity. In 2006, nine micro-regions
were classified as specialized, but in 2017, only six were classified.

In 2006, the specialized micro-regions were Santarém, Furos de Breves, Arari, Al-
tamira, Tucurui, Paragominas, Parauapebas, Marabd, and Redencao (Table 1). It is worth
highlighting the remoteness of specialized locations from four micro-regions: Santarém,
Furos de Breves, Arari, and Paragominas, and the entrance to Sao Félix do Xingu.

Table 1. Micro-regions of Para with a degree of specialization (QL > 1) in milk production in at least
one of the two years: 2006 and 2017.

Micro-Regions 2006 2017 Micro-Regions 2006 2017
Obidos 0.59 0.85 Tomé-Agu 0.60 0.19
Santarém 1.28 0.81 Guama 0.78 0.45
Almeirim 0.36 0.47 Itaituba 0.71 0.75
Portel 0.27 0.26 Altamira 1.03 1.09
Furos de Breves 1.31 0.02 Tucurui 1.54 2.30
Arari 1.06 0.05 Paragominas 1.73 0.67
Belém 0.18 0.03 Sao Félix do Xingu 0.93 1.66
Castanhal 0.13 0.08 Parauapebas 1.70 2.69
Salgado 0.09 0.07 Maraba 1.10 2.45
Bragantina 0.60 0.21 Redengao 1.04 225
Cameta 020 0.05 Conceicao do Araguaia 0.59 0.80
Source: Prepared by the author with data from IBGE [15,16].

In the state of Para, over the years, there was the formation of some centers that stand
out in the quantity produced, such as Redengao, Parauapebas, and Paragominas, both
located in the Southeast of Pard (first, second, and third in the state production ranking
in 2020). However, when analyzing the leading micro-regions in productivity, Redencao
stands out, with 1037 L/cow/year, followed by Altamira with 1008 L/cow/year and
Itaituba with 932 L/year (Table 2).

Table 2. Ranking of the largest milk-producing micro-regions in 2020.

. . . Production . Productivit
Ranking Micro-Regions (Thousand L) Milked Cows (Heads) (L/Cow /Yea}r’)
1° Redengéo 89,371 86,131 1037
2° Parauapebas 88,563 113,029 783
3° Paragominas 64,506 91,970 701
4° Marabd 53,174 108,850 488
5° Tucurui 53,123 90,937 584
6° Altamira 51,189 50,740 1008
7° Sao Félix do Xingu 46,148 53,651 860
8° Santarém 34,290 48,553 706
9° Obidos 29,586 50,649 584
10° Itaituba 27,570 29,560 932

Source: Prepared by the author with data from IBGE [2].

The state’s main dairy basin is in the mesoregion of Southeast Pard, where the micro-
regions of Redencédo, Parauapebas, Paragominas, Maraba, Tucurui, Sao Félix do Xingu,
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and Conceicao do Araguaia are located. Five of them had QL > 1 in 2017, covering
municipalities with a tradition in dairy farming, such as Agua Azul do Norte (largest
state producer since 2012). Likewise, Sao Félix do Xingu has the largest cattle herd at the
municipal level (2.4 million), with Maraba also standing out, with 1.3 million animals in
2020 [2].

3.2. The Spatial Concentration and Characteristics of Dairy Production in Pard

The concentration levels of milk production in the micro-regions of the state of Para
were obtained using Locational Gini calculations (close to 1 indicates high concentration of
production; close to 0 represents decentralization of production, being evenly distributed).

The spatial distribution index of activity for the years 2006 and 2017 had a significant
increase of 88%. However, the index is still below 0.5, indicating that milk production
in Para is decentralized, but tends to be concentrated; that is, it is more unequal when
compared to the initial period.

The largest number of dairy establishments in Para is in the range of less than
50 hectares, also concentrating the most significant percentage of cows milked and quantity
produced, highlighting their importance in supplying the state (Table 3).

Table 3. Distribution of the number of establishments, herd of milked cows, quantity produced, and
gross value of milk production, according to the total area strata of establishments in the state of
Para—2017.

Nun_lber of C.ows Quantity Produced GV* of Production
Total Area Strata of Establishments Milked
Properties (ha)
P Units % Heads % Thousand g~ Thousand %
L R$

Less than 50 ha 14,107 39.89 135,330 27.75 175,220 27.09 149,428 26.90
From 50 to less than 100 ha 8864 25.07 118,532 24.31 156,282 24.16 131,629 23.69
From 100 to less than 200 ha 6069 17.16 100,770 20.67 135,534 20.95 116,154 20.91
From 200 to less than 500 ha 3871 10.95 81,355 16.68 113,390 17.53 98,867 17.80
More than 200 ha 2436 9.89 51,495 10.56 66,198 10.23 59,323 13.68
Producer without area 16 0.05 115 0.02 176 0.03 169 0.03
Total 35,363 100 487,597 100 646,800 100 555,570 100

Source: Prepared by the author with data from the 2017 Agricultural Census, IBGE [16]. Note: GV* = Gross value
of milk production.

With the classification of micro-regions into specialized and non-specialized in dairy
activity, the 2017 data reveal 6 specialized micro-regions and 16 non-specialized ones. To
verify the importance and economic participation, Table 4 shows activity information
according to the division based on the QL index.

Table 4. Distribution of the number of micro-regions, herd of milked cows, quantity produced, and
gross value of milk production, according to specialized and non-specialized micro-regions in the
state of Para—2017.

Non-Specialized

Variables Specialized Micro-Regions Micro-Regions Total
Amount % Amount % Amount %
Number of Micro-regions 6 27.27 16 72.73 22 100
Number of cows milked 375,176 76.94 112,421 23.06 487.597 100
Quantity produced (L) 506,234 78.27 140,565 21.73 646.799 100
Dairy productivity (L/cow/year) 740.63 - 534.54 - 590.74 -
GV* of milk production (R$) 406,458 73.16 149,112 26.84 555.570 100

Source: Prepared by the author with data from the 2017 Agricultural Census, IBGE [16]. Note: GV* = Gross value
of milk production.
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The specialized micro-regions hold the highest percentage of the milked herd, and the
quantity produced is greater in these locations (78.27% of the milk produced in the state
in 2017). In relation to productivity, the state has a low rate in both regions (specialized
and non-specialized), with an average of 740.63 L/cow/year and 534.54 L/cow/year,
respectively.

The Agricultural Census typifies family and non-family farming establishments (Law
11,326/2006), which regulates and establishes the National Policy for Family Farming and
Rural Family Enterprises. The law defines the family unit as a set of individuals in the
same family who exploit a combination of production factors for their own subsistence
and for society, providing food and/or other goods and services, residing in the location or
nearby [17].

The significant participation of family farming in milk production, with 28,308 thou-
sand properties, 74.52% in specialized micro-regions, and the largest quantity of milk
produced (375,064 thousand L) (Table 5). There are 7055 thousand non-family establish-
ments, 74.54% in specialized regions, producing 131,171 thousand L.

Table 5. Distribution of the number of establishments and gross value of milk production, according
to specialized and non-specialized micro-regions in the state of Para—2017.

Specialized Non-Specialized Total
Variables Micro-Regions Micro-Regions
Amount % Amount % Amount %
Number of establishments—family farming 21,094 74.52 7214 25.48 28,308 100
Number of establishments—Non-family farming 5259 74.54 1796 25.46 7055 100
Quantity produced (L)—Family farming 375,064 79.09 99,170 20,.1 474,234 100
Quantity produced (L)—Non-family farming 131,171 76.01 41,394 23.99 172,565 100
GV* of Milk production—Family farming 298,579 74.47 102,362 25.53 400,941 100
GV* of Milk production—Non-family farming 107,880 69.77 46,750 30.23 154,630 100

Source: Prepared by the author with data from the 2017 Agricultural Census, IBGE [16]. Note: GV* = Gross value
of milk production.

Specialized micro-regions have the majority of production and value of milk produc-
tion, regardless of classification (family farming or not). The gross value of production
indicates that the largest economic movement of dairy activity occurs in the six locations,
with 74.47% from family farming and 69.77% from non-family farming (total state income).

The sale of dairy products is greater in the six micro-regions, and the highest percent-
age of establishments that sell raw milk is observed in specialized micro-regions (77.03%),
and in non-specialized regions only 22.97% (Table 6). Likewise, there is a predominance of
the six locations in relation to the raw milk sold (80.63%), accompanied by a production
value of 77.10%.

Table 6. Distribution of the number of establishments indicating the sale of raw milk, quantity and
value of raw milk sold, according to specialized and non-specialized micro-regions in the state of
Para—2017.

Non-Specialized

Variables Specialized Micro-Regions Micro-Regions Total
Amount % Amount % Amount %
Establishments selling raw milk 15,633 77.03 4662 22.97 20,295 100
Raw milk sold (Thousand L) 399,592 80.63 95,989 19.37 495,581 100
Value of raw milk sold (Thousand R$) 314,281 77.10 93,357 229 407,638 100

Source: Prepared by the author with data from the 2017 Agricultural Census, IBGE [16].

It should be noted that not all raw milk produced in the country, and especially in the
state of Par4, is purchased by dairy companies under sanitary inspection. Informal milk is
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sold clandestinely in open-air markets, bakeries, and grocery stores and supplied to dairies.
According to the Municipal Livestock Survey [18], the quantity of raw milk purchased
by authorized dairies was 24.3 billion liters; however, total production was estimated at
33.5 billion liters.

The sale of raw milk must follow the rules established by the Ministry of Agriculture,
Livestock and Supply (MAPA), referring to the new standards, IN 76 and 77, published
on 30 November 2018, with criteria for obtaining quality and safe milk for the consumer,
involving aspects ranging from the production process on rural properties to the way raw
materials are processed in industry.

3.3. Sources of Growth in Dairy Farming in Pard

The application of the shift-share method made it possible to identify and decompose
the growth of milk production in the state of Para and micro-regions, presented and
discussed in a given period and sub-periods, starting the analyses in the period from 1990
to 2020, subsequently the 10-year sub-periods (1990-2000; 2000-2010; and 2010-2020), in
order to detect possible differences.

Between 1990 and 2020, milk production in Para grew by 3.23% per year, growth due
to gains in herd productivity, explained by the productivity effect (PE) of 2.85% per year,
complemented by the herd expansion effect (HEE), recording a value of 0.38% per year.
Thus, 88.24% is linked to the increase in animal productivity and 11.76% to the increase in
the number of cows milked in the herd.

Table 7 shows the average annual growth rates of production of milk in the 22 micro-
regions of Para. It is possible to observe that of the total micro-regions analyzed, ten
presented negative average annual growth rates, portraying the decrease in production,
and despite that most of these had a negative HEE, the productivity effect (PE) was positive;
however, this was not enough to overcome the reduction in the dairy herd. Arari showed a
retraction in both effects, and Cametd showed an increase in the expansion of cows and a
decline in productivity. This behavior reflects the low participation of these micro-regions
in the share of the total amount of milk produced in the state of Pard, which was only 4.75%.

The other micro-regions, totaling 12, showed a positive average growth rate. Of these,
nine recorded an average above the state, being Parauapebas, Almeirim, Sao Félix do Xingu,
Itaituba, Tucurui, Obidos, Marab4, Santarém, and Redengao, and the remaining three that
showed a lower average growth, compared to the state average, were Altamira, Concei¢ao
do Araguaia, and Paragominas. This result highlights the heterogeneity of primary dairy
production in the state of Para, portrayed in the rates: twelve with satisfactory growth, and
among these, nine with growth above the state average rate and three below the average,
followed by ten with negative rates, but some with gains of cow productivity.

The micro-regions that show the highest growth rates are located in Southeast Para
(Parauapebas, Sao Félix do Xingu, Tucurui, Maraba, Redencao), Baixo Amazonas (Almeirim,
Obidos, Santarém), and Southwest Para (Itaituba), contributing 72% of the total milk
produced in the state of Para in 2020. The importance of Paragominas, Altamira, and
Conceigao do Araguaia is highlighted, which despite showing growth rates below the
state average, are responsible for 10.74%, 8.52%, and 4.43%, together representing 23.69%
of production.

In relation to the productivity effect, twenty micro-regions of Pard showed gains over
the thirty years of the analysis, ranging from 0.07% to 7.56% of growth, with the state’s
annual average productivity being 2.85%, with only two micro-regions with a negative
productivity effect (Cameta and Arari). In relation to the herd expansion effect, nine micro-
regions increased, and thirteen showed a decline in the number of cows, with a sharper
drop in Salgado, with an HEE of —7.88% per year.
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Table 7. Average annual growth rates in milk production in the state of Pard and micro-regions, from
1990 to 2020.

Micro-Regions TACP HEE PE Greater Participation
Obidos 6.87 3.96 2.92 HEE
Santarém 5.68 0.47 5.20 PE
Almeirim 8.73 3.45 5.27 PE

Portel —4.37 —4.75 0.38 Retraction
Furos de Breves -1.71 —1.81 0.10 Retraction
Arari —3.43 —3.31 —-0.13 Retraction
Belém —5.00 —5.59 0.6 Retraction
Castanhal —1.52 —1.54 0.03 Retraction
Salgado —7.76 —7.88 0.12 Retraction
Bragantina —2.00 —2.07 0.07 Retraction
Cameta —3.65 0.25 -39 Retraction
Tomé-Acgu —1.51 —1.90 0.39 Retraction
Guama —1.78 —1.98 0.2 Retraction
Itaituba 8.14 0.57 7.56 PE
Altamira 1.85 —-0.79 2.64 PE
Tucurui 6.88 4.54 2.33 ERR
Paragominas 0.40 —0.81 1.21 PE

Sao Félix do Xingu 8.63 1.18 7.45 PE
Parauapebas 8.97 3.72 5.25 PE
Maraba 6.59 4.56 2.03 HEE
Redencao 4.78 —0.46 5.24 PE
Conceicao do Araguaia 1.06 —2.06 3.11 PE

Para 3.23 0.38 2.85 PE

Note: AAPGR = average annual production growth rate; HEE = herd expansion effect; PE = productivity effect.
Source: Prepared by the author with data from IBGE [2].

The Arari micro-region was the only one that showed a decline in milk production, a
decrease in the number of milked cows, and a reduction in animal performance (1990 to
2020). The highest average annual growth rate was in Parauapebas (8.97% per year), with a
PE of 5.25% per year and an HEE of 3.72%. Maraba recorded the biggest herd expansion
(HEE of 4.56% per year) and Itaituba the biggest increase in the productivity effect (PE of
7.56% per year).

In general, the ten drops in production are located in the Northeast of Para, Marajo, and
the Metropolitan Region of Belém. The biggest increases occurred in regions with strong
livestock farming or in intense development of dairy activity, including the intensification
of the system (Santarém, Almeirim, Itaituba, Altamira, Paragominas, Sao Félix do Xingu,
Parauapebas, Redengao, and Conceigao do Araguaia) and three linked to the increase in
the extensive system (Obidos, Tucurui and Maraba).

The period from 1990 to 2020 is disaggregated into three sub-periods: 1990-2000,
2000-2010, and 2010-2020 (Table 8). It is noted that in the first sub-period (1990-2000), the
average annual growth rate of state production was higher than the period as a whole, with
a rate of 5.09%; much of it comes from a PE of 3.8% per year, filled by an HEE of 1.29% per
year, with growth in this period in fourteen micro-regions, and eight with negative rates.
The highest growth rate was in Sao Félix do Xingu, with 31.82% per year (PE of 17.11% per
year, and HEE of 14.71% per year), and the most intense retraction was 18.47% per year,
(HEE of -18.01% per year, and PE of —0.46% per year in Salgado. It is also observed that,
among the fourteen locations, in nine, the productivity effect predominated, and in five,
the herd expansion effect prevailed.
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Table 8. Average annual growth rates in milk production in the subperiods 1990-2000, 2000-2010,
and 2010-2020 in the state of Para and Micro-regions.

: . 1990-2000 20002010 20102020
Micro-Regions

AAPGR EE PE AAPGR HEE PE AAPGR HEE PE
Obidos 6.86 3.79 3.07 9.68 7.92 1.76 4.14 3.01 113
Santarém 4.70 ~0.75 5.44 6.08 ~137 7.46 6.25 6.16 0.10
Almeirim 8.79 1.28 7.52 11.34 13.50 —2.17 6.11 297 3.14
Portel —3.44 -3.83 0.39 ~8.18 —9.25 1.08 ~137 ~1.71 0.34
Furos de Breves ~0.28 2.58 ~2.86 ~0.52 ~2.95 2.43 —4.29 —4.35 0.06
Arari —4.14 —4.96 0.82 292 —2.68 —0.24 —3.24 ~191 ~1.33
Belém —4.57 413 —0.44 -8.10 ~11.07 2.97 —222 ~1.88 —0.34
Castanhal —4.78 ~5.88 1.10 9.18 8.04 1.13 ~8.12 —6.61 ~1.51
Salgado ~1847  —1801  —0.46 8.46 7.28 1.18 1125 -1233 1.08
Bragantina 1.94 0.85 1.09 ~0.63 0.53 ~1.17 ~7.07 ~7.34 0.27
Cametd ~1136  —9.02  —2.34 0.13 2.19 ~2.06 0.77 8.98 -8.21
Tomé-Acu 7.75 7.72 0.03 -3.13 ~3.36 0.22 ~8.46 ~9.20 0.74
Guama 1.66 ~0.66 231 —226 ~1.71 —0.55 ~4.63 —3.87 ~0.76
Itaituba 17.61 1.39 16.22 1.86 ~0.15 2.01 5.55 22 3.36
Altamira ~1.60 —437 276 0.20 —0.94 1.14 7.16 2.00 5.16
Tucurui 5.21 417 1.04 15.89 13.01 2.89 0.12 —0.95 1.08
Paragominas 0.24 404 429 2.59 2.26 0.32 ~1.58 0.01 ~1.59
Sao Félix do 31.82 14.71 17.11 0.87 —6.29 7.16 ~3.59 ~0.90 ~2.70
Xingu
Parauapebas 15.21 15.42 ~0.1 10.07 0.35 9.72 2.03 3.41 ~1.38
Maraba 475 5.10 ~035 11.16 6.19 497 4.01 4.16 ~0.14
Redencdo 12.02 1.88 10.4 3,2 ~3.26 7.08 ~11 ~143 0.33
Conceigao do 2.89 —467 756 0.46 —0.63 1.09 —0.15 —3.66 3.51
Araguaia
Para 5.09 1.29 3.8 401 ~0.39 4.40 0.64 0.69 ~0.05

Note: AAPGR = average annual production growth rate; HEE = herd expansion effect; PE= productivity effect.
Source: Prepared by the author with data from IBGE [2].

In the second sub-period (2000 to 2010), production expanded by 4.01% per year, and
the largest part of the growth occurred due to animal productivity (4.4% per year), with a
decrease in the number of herds (—0.39% per year). When analyzing only the micro-regions,
fifteen were positive; among these, eight had a significant portion of extensive growth, and
seven were linked to the productivity effect and growth of the intensive system.

In relation to the average annual negative rates, seven micro-regions showed a drop.
Negative rates ranged from —0.52% to —8.18% per year (Portel, Furos de Breves, Arari,
Belém, Tomé-Agu, and Guama). The drop in production is associated, above all, with the
decrease in the number of herds, with the exception of Bragantina, which increased the
number of cows by 0.53%, but there was a drop in productivity (—1.17% per year). In this
sub-period, the micro-regions of Guama and Arari showed a reduction in three segments:
quantity of milk produced, number of cows milked, and productivity. Tucurui, Almeirim,
Marab4, Parauapebas, Obidos, Castanhal, Salgado, and Santarém stood out for their best
performances, with a rate above the state rate (4.01%), a fact linked to the effect of herd
expansion and productivity gains. It is noteworthy that this sub-period was the only one
with a drop in the number of animals (—0.39% per year).

In the last sub-period (2010 to 2020), the average annual growth rate was lower than
the others (0.64%), with a drop of approximately 3.37 percentage points, compared to
the previous sub-period. A notable moment, too, as part of the production is linked to
the expansion of the herd and the drop in the productivity effect (HEE of 0.64%; PE of
—0.05% per year).

Among the twenty-two micro-regions analyzed, thirteen showed negative perfor-
mance, representing the decade with the smallest advances, both in the number of animals
and herd productivity. The regions that showed growth were Lower Amazonas (Santarém,
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Almeirim, and Obidos), Southwest Para (Altamira and Itaituba); Southeast (Marab4, Pa-
rauapebas, and Tucurui) and Northeast (Cametd). Altamira had the highest percentage in
the productivity effect (5.16%), and Cameta in the herd expansion effect (8.98%). However,
the biggest decline in productivity was also in this location (—8.21% per year). Arari, Belém,
Castanhal, Guama, and Sao Félix do Xingu saw a decline in production, milked cows,
and productivity.

When analyzing the period and sub-periods, changes are noticed that only with this
analysis become clear, such as the greatest retraction in growth at the state level that
occurred in sub-period three (2010-2020) due to thirteen micro-regions presenting negative
average rates. The ten years referring to sub-period two (2000-2010) were those with
the greatest reduction in the herd of milked cows in Para, but did not affect production
growth due to the increase in the animals’ productive performance. Satisfactory advances
were recorded in fifteen regions, both in terms of livestock and productivity. The first
sub-period (1990-2000) presented the best average annual growth rate (5.09% per year of
the entire period evaluated, referring to state progress (higher effect on productivity, lower
on herd expansion).

The average annual growth rates (Southwest and Lower Amazonas) showed positive
percentages in all sub-periods, and those in the Southeast showed some reductions: between
the years 1990 and 2020, only in Altamira, and in 2010 to 2020, in Sao Félix do Xingu,
Paragominas, Redengao, and Conceicao do Araguaia. The micro-regions of the Northeast
of Para, Marajo, and the Metropolitan Region of Belém presented a low percentage, for
the most part, with negative rates over the thirty years. The intense decline, throughout
this historical series, of the Arari micro-region stands out, with a reduction in the three
indicators analyzed.

4. Discussion

According to Valdo et al. [19], micro-regions that obtain high Gini coefficient results
exhibit a greater geographic concentration of dairy activity, indicating greater chances of
production systems being more specialized. Marion Filho et al. [20] emphasize that greater
regional centralization of production favors increased specialization. However, the results
found in this research were the opposite of the authors’ statement, as there was an increase
in the spatial concentration of activity in the state of Para; however, there was a decline in
micro-regions specialized in milk production.

The decrease in specialization in dairy activity in the Arari and Furos de Breves micro-
regions, both located in the Maraj6é mesoregion, is linked to the gradual decrease in the
cattle herd and the increase in buffaloes, given that, in this region, there is a predominance
of buffalo farming, especially by edaphoclimatic conditions in the Maraj6 region, with the
economy revolving around buffalo farming.

In the Paragominas micro-region, dairy farming has been losing space to other agricul-
tural activities, such as soybean, corn, and eucalyptus crops. In general, the agriculture and
forestry sectors cause a decrease in the specialization of dairy farming. A similar situation
occurred in the Santarém micro-region, which is one of the main expansions of agricultural
frontiers in the Amazon, intensifying grain production, driven by the BR-163 highway,
connecting the municipalities of Santarém /Para to Cuiaba/Mato Grosso and the waterway
port of Santarém, assists in the flow of production, affecting the reduction of improvement
in the dairy sector [21,22].

On the other hand, the inclusion of the Sao Félix do Xingu micro-region among those
specialized in dairy activity is related to the predominance of large cattle properties in
the region, conditioned by policies and programs for the colonization of the Amazon in
previous decades, making the agriculture-livestock system of the main economic activities
in the region [23], contributing to the formation of the main dairy basin in the state of
Pard located in the Southeast Para mesoregion, in which the micro-regions of Redencao,
Parauapebas, Paragominas, Marabd, Tucurui are located, Sao Félix do Xingu and Conceigao
do Araguaia. The concentration of production in the mesoregion of Southeastern Para is
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linked to productivity gains, rather than to the effect of the herd of milked cows, referring
to the years 1990 to 2008 [6].

With the existence of the activity in all micro-regions of Para and the low productive
capacity portrayed by the studied micro-regions, it is of fundamental importance to evaluate
in more detail the productive structure of each region, to encourage improvements in credit
policies for the sector [6], since instruments to support the development of the dairy sector,
such as rural credit from the Northern Constitutional Financing Fund (FNO), being one of
the main sources of availability of rural financial resources destined for the states in the
Northern region of Brazil, which can result positively in improving dairy production.

Bearing in mind that the credit is directed to several smaller-scale producers, with
a focus on family farming, companies that use local labor and raw materials, focused on
the production of basic foods and projects designed for environmental sustainability [6],
dairy farming corresponds to this context, with peculiarities that favor growth without
expanding new agricultural frontiers, through deforestation.

Dairy farming in Para is developed, for the most part, on small family properties, with
alow degree of organization; that is, each farmer negotiates their products individually, thus
obstructing the obtaining of better prices for milk, a value that varies between harvest and
off-season, ending with a suboptimal amount paid [24]. Consequently, the specialization of
micro-regions is affected, resulting from the majority of small producers due to the lack of
organization and structuring, mainly generating difficulties in introducing technologies
and acquiring specialized dairy herds.

In this circumstance, the results of the last decade are worrying, with the need to
seek alternatives for milk production to return to significant growth, highlighting the
productivity effect in relation to the expansion of the herd. Therefore, obtaining better
results requires actions based on the transfer of technologies, which must be carried
out according to the reality of producers, with the aim of increasing the production and
quality of milk while at the same time improving the economic, social, and environmental
indicators of production in Pard [25].

5. Conclusions

Given the regional aspects highlighted in this research, dairy activity in Para is perform-
ing below its productive potential, failing to meet the state’s demand. Despite significant
growth over the decades of the study, the changes achieved are still far from the inten-
sive production systems practiced in the country’s main dairy basins. In this way, the
information and particularities of properties are fundamental to guide public and private
institutions in relation to the reality and existing problems, enabling the readjustment of
financial and technical support policies, with the objective of enhancing growth, associated
with the reduction of intra- and inter-regional imbalance.

The work clearly highlights the fluctuations that occur within the milk production
chain in the state of Para; the difficulties encountered by family farming, which is the
majority in the state, and the need for public and/or private policies with the aim of
enhancing productive growth, but aligned with science. In this way, growth would be in
fair accordance with current laws, environmental respect, and sustainability. There are
many examples inside and outside the country, where there is a reduction in herds and a
reduction in grazing areas, in line with the increase in animal productivity. This is possible
with the work of genetic improvement of herds and intensification of systems, which can
even use co-products from the agony industry to supplement animals.
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