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Abstract: 
The growth of the tea market is based on its characteristics of being natural and healthy. Mate is widely 

consumed in Brazil, Argentina, Uruguay, Chile, Bolivia and is being disseminated in other countries, especially 

in the United States and Europe. The product has beneficial health properties such as antioxidant, anti-

inflammatory, antimutagenic, antiobesity and cardioprotective functions. Considering the yerba mate agro-

industrial complex in the state of Parana (Brazil), the main world producer, the general objective of the present 

study was to estimate economic, social and environmental indicators based on the input-output matrix of the two 

yerba mate production systems (extractive and cultivated) and agribusiness aiming to measure its sustainability. 

Assessing the economic, social and environmental impacts, the greater sustainability of the extractive 

production system was proven by the analysis of the indicators. For the production chain to obtain the 

advantages arising from the greater sustainability of the yerba mate extractive system with an increase in the 

price paid to the producer and generation of employment and income, there is a need to implement a product 

traceability system to obtain expansion of the consumer market, mainly abroad. For consumers, there will be 

the benefit of consuming a natural, high-quality product with beneficial properties for health. 
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I. Introduction 
The current growth of the tea market is based on its characteristics of being natural and healthy. Mate is 

widely consumed in Brazil, Argentina, Uruguay, Chile and Bolivia, being consumed in different hot and cold 

forms [1]. Yerba mate is being spread in other countries, especially in the United States and Europe. The wide 

range of by-products based on yerba mate makes it possible to expand consumption2. In addition to traditional 

yerba mate drinks, concentrated extracts are used in the pharmaceutical, cosmetic and food industries3. 

Yerba mate has beneficial health properties such as antioxidant, anti-inflammatory, antimutagenic, anti-

obesity and cardioprotective functions4. These benefits are related to its chemical composition, which includes 

alkaloids, polyphenols, terpenes and essential oils, among other substances capable of improving people's 

health5, 6. 

Brazil was the world's largest producer of yerba mate in 2022, followed by Argentina and Paraguay. In 

Brazil, most of the production occurs in the South Region, made up of the states of Parana, Santa Catarina and 

Rio Grande do Sul. Parana had more than 80% of Brazilian production in 20217. 

The production of yerba mate in its extractive form is possible in the rainforest, or Araucarias Forest, 

which occurs predominantly in the Southern Region of Brazil and is composed of pine trees where perennial 

yerba mate plants grow naturally in the shade. The traditional type of cultivation is extractivism, where 

producers use native yerba mate plants. The second type of cultivation is that where the number of plants in the 

remaining forest is increased through planting. These two forms of production, extractive and densification, are 

most common in Parana (around 60% of state production). The third type of cultivation is called full sun, in 

which yerba mate is a monoculture or can be produced in conjunction with other plants or even animals. This 
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type of cultivation in full sun is common in the states of Santa Catarina and Rio Grande do Sul, as well as 

Argentina and Paraguay. It is important to note that yerba mate grown in full sun normally has lower quality 

leaves than that grown in the shade of the forest and results in a different quality of drink7, 8, 9. 

It is significant to note that Brazil’s official data are divided into two types of yerba mate production, 

extractive system (traditional or dense) and cultivated (monoculture or intercropped with other crops and 

animals). In this way, the extractive and dense systems are computed as a single system, extractivism. Producers 

call production in the forest “shade production” and the cultivation of yerba mate “full sun production”. 

Extractive production in the dense or traditional format is considered organic (without the use of agrochemicals) 

and predominant in the state of Parana (Brazil), as producers cannot use chemical products such as fertilizers 

and pesticides within the native forest. Pest control is carried out exclusively through biological control. The 

industrialization process of yerba mate leaves, whether extractive or planted, does not use chemical substances 

and is based on the use of fire, heat and grinding. Most of the product is sold in the country itself with exports 

mainly to Argentina, the United States, Uruguay and Europe7, 8, 9. 

Considering the agro-industrial complex of yerba mate, the general objective of the present study was 

to estimate economic, social and environmental indicators based on the input-output matrix Parana – Rest of 

Brazil of the production systems of extractive yerba mate, cultivated yerba mate and agroindustry to assess 

economic, social and environmental sustainability.  

 

II. Material And Methods 
Initially, the descriptive analysis of the yerba mate agro-industrial complex and the geographic location of 

the largest producing state and municipalities (Parana – Brazil) are carried out to understand the characteristics 

of the production, processing and distribution systems. Subsequently, the calculations of economic, social and 

environmental indicators based on the inter-regional input-output matrix Parana – Rest of Brazil are detailed so 

that the results can be subsequently analysed. 

 

Yerba mate agro-industrial complex in the state of Parana – Brazil 

Figure 1 illustrates the components of the yerba mate agro-industrial complex. Agricultural inputs, 

whether for extractive (shaded) or cultivated (full sun) production, correspond to fertilizers, seedling production, 

chemical products such as agricultural pesticides, fuel, financial services (insurance, financing), machines and 

implements and other intermediate goods and services necessary for the production process. Green leaf 

production encompasses agricultural (full sun) and extractive (shaded) production, with extractive yerba mate 

being considered of higher quality due to its development in the shade, with a drink with a milder and less bitter 

flavor and providing a price higher than the value of the planted yerba mate7, 10, 11. 

Observing Figure 1, the industry covers the production of cancheed (fragmented) yerba mate to 

produce drinks, whether chimarrão, tereré or tea, being the main agroindustry. There are other industrial 

processes that use the raw material to obtain an extract that will serve as the base for various drinks, the main 

one being iced mate tea. There is the possibility of extracting chlorophyll, which is used in the agri-food 

industry as a natural coloring and preservative. The pharmaceutical industry can use by-products such as 

caffeine extract, theobromine, and flavonoids with various effects on the body (nervous system stimulant, 

compound for treating hypertension, bronchitis and pneumonia). The industrialization of yerba mate also has the 

possibility of obtaining by-products such as saporin and essential oil, the first compound is used as an emulsifier 

and the second as a bactericide and sterilant7, 10, 11. 

The existence of many by-products that can be obtained from yerba mate shows the versatility of its 

use. However, its main use is the production of beverages. Considering the production of yerba mate cancheed 

(named “cancheada”), the industrial units called yerba mates are those whose process consists of drying and 

grinding the yerba mate to obtain the base for preparing drinks. The industrial process for preparing the product 

for “chimarrão” and “tereré” basically consists of drying and crushing the green leaf from cultivation areas (full 

sun) or extractivism (shaded). The different desired characteristics of the product depend on procedures in 

relation to storage time, amount of water to be removed, crushing (fine, medium or coarse) and which can be 

different to meet markets that have specific demands10, 11. 
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Figure 1: Yerba mate agro-industrial complex in the state of Parana – Brazil, adapted from [10, 11]. 

 

The first step in processing is the reception and weighing of the green leaf, which receives which is 

called “sapeco”, which consists of an initial process of contact of the green leaves with the heat of the fire and 

loss of water. These leaves after “sapeco” are then fragmented into smaller particles. Subsequently, a new 

drying procedure reduces the moisture content. At this point in the process, the leaves are separated from the 

impurities, which are transformed into sticks10, 11. Yerba mate sticks can be used in furnaces, returned to the 

field to be incorporated into the soil or even other uses such as plywood for civil construction. The dried and 

crushed leaves go through storage and will be separated into two parts: coarsely ground yerba mate and finely 

ground yerba mate. “Soque” is the name of a new crushing process. In the case of coarsely ground yerba mate, 

storage, mixing and packaging take place after crushing. For finely ground yerba mate, after crushing and 

storage, there will be two possible products: Traditional line and Soft line. The distinction between the two 

depends on the type of mixing to be carried out and will apply to packaging and baling10, 11. The basic 

production process is similar for other types of products that serve different markets, which determine the type 

of product to be obtained. The native yerba mate with a milder and less bitter flavor has specificities, but the 

drying, crushing and storage processes are common to all. The products from this industry that obtains 

cancheada yerba mate can be used for other processes, such as the production of toasted yerba mate for tea and 

yerba mate-based drinks. The number of final goods shows the versatility of the use of raw materials. Different 

markets present definitions of quality that involve the color, bitterness and intensity of the drink’s flavor. Export 

is a possibility with growing demand and which is important in the current upward trend in prices10, 11.  

Figure 2 was prepared with data obtained from the Parana Institute of Economic and Social 

Development12, which illustrates the participation of yerba mate producing states in Brazil, the largest producing 

state is Parana with around 82% (Figure 2A). Figures 2B and 2C respectively illustrate the production of 

extractive and cultivated yerba mate in the municipalities of the state of Parana in tons. It can be noted that 

production is concentrated in the southern region of Parana and that there are 5 municipalities with annual 

production above 24, 5 tons of shaded yerba mate (extractive), they are in the southern region of the state and 

represented more than 50% of state production. In relation to the production of cultivated yerba mate, there were 

6 locations that produced over 6 tons annually and represented more than 60% of the state total. 
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Figure 2: Geographic location and participation of Brazilian states in yerba mate production in percentage 

values (Figure A), extractive production of yerba mate (Figure B) and cultivated production of yerba mate in the 

municipalities of Parana (Figure C), year 2020. Values in tons. 

Source: elaboration by the authors with data obtained from [12]. 

 

Considering the total production of yerba mate in 2020, around 60% came from extractivism (shaded 

production) and another 40% from production in cultivation (called full sun). Extractive production depends on 

the existence of the rainforest, present predominantly in the southern region of the state of Parana, as can be 

seen in Figure 3. Full sun production (cultivated) is located nearby, considering the climate and knowledge 

acquired by producers with extractive production. It can be seen in Figure 3 that in the yerba mate producing 

region there are 6 municipalities that had between 24.8 thousand hectares and 78.9 thousand hectares of 

preservation areas of the Atlantic Forest, in which the Araucarias Forest subsystem is inserted. 

 

 
Figure 3: Conservation area of the Atlantic Forest of the Municipalities of the state of Parana, 2018. Values in 

hectares. 

Source: elaboration by the authors based on data from [12]. 

 

The extractive production of yerba mate sustainably uses the remaining forest and helps in its 

preservation, as there is an economic interest in maintaining the proper environment for the development of 

yerba mate as a drink of greater value and quality. 
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Input-output matrix 

The input-output matrix method was originally developed to analyse and evaluate the relationships 

between the various production and consumption sectors of a national economy. It can be applied to the study of 

smaller economic systems, such as states, municipalities, or a set of municipalities13. In the case of the present 

study, we work with the inter-regional model Parana – rest of Brazil, which is illustrated in Figure 4, which 

summarizes the relationships within the inter-regional input-output system for two regions: (E) State of Parana 

and (RBr) Rest of Brazil. 
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Figure 4: Interregional input-output system with two regions. 

Source: Adapted from [14]. 

 

The interregional input-output model, also called the Isard Model15, requires a large mass of real or 

estimated data, especially regarding information on intersectoral and interregional flows. Complementing the 

regional system, the inter-regional system shows the exchange relationships between regions, exports and 

imports, which are expressed through the flow of goods and services that are intended for both intermediate 

consumption and final demand. In a synthetic way we have the relations between two regions, the model can be 

presented based on the intersectoral and interregional flows of goods and services between the State (E) and the 

Rest of Brazil (RBr), with n sectors, where 𝑍𝐸𝐸 is the monetary flow from sector i to sector j of the State itself 

(E), 𝑍𝑅𝐵𝑟𝑅𝐵𝑟  is the monetary flow from sector i to sector j of the Rest of Brazil (RBr) to itself, 𝑍𝑅𝐵𝑟𝐸 is the 

monetary flow from sector i of the Rest of Brazil (RBr) to sector j of State (E) and 𝑍𝐸𝑅𝐵𝑟is the monetary flow 

from sector i of State (E) to sector j of the Rest of Brazil (RBr) [16]. In matrix form, these flows would be 

represented by Equation (1): 

 

 𝑍 = [ 𝑍𝐸𝐸 𝑍𝐸𝑅𝐵𝑟

𝑍𝑅𝐵𝑟𝐸 𝑍𝑅𝐵𝑟𝑅𝐵𝑟] (1) 

 
 

 

In Equation (1), 𝑍𝐸𝐸  and 𝑍𝑅𝐵𝑟𝑅𝐵𝑟  represent matrices of intra-regional monetary flows, and 𝑍𝐸𝑅𝐵𝑟  and 

𝑍𝑅𝐵𝑟𝐸represent matrices of inter-regional monetary flows. The final demands are also displeased by region. 

Therefore, according to 𝐴 = 𝑍(�̂�)
−1

, the matrix for the n sectors is constructed, where A represents the matrix 

of intra-regional technical production coefficients (Equation 2), Z is the matrix of intermediate inputs (Equation 

1) and Equation (4) shows regional final demand. 

 

 𝐴 = [ 𝐴𝐸𝐸 𝐴𝐸𝑅𝐵𝑟

𝐴𝑅𝐵𝑟𝐸 𝐴𝑅𝐵𝑟𝑅𝐵𝑟] (2) 

 

 𝑋 = [ 𝑋𝐸

𝑋𝑅𝐵𝑟] (3) 

 

 𝑌 = [ 𝑌𝐸

𝑌𝑅𝐵𝑟] (4) 

 

The complete interregional input-output system is represented by: 

 

 (𝐼 − 𝐴)𝑋 = 𝑌 (5) 
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In Equation (5), I is the identity matrix (the diagonal is formed by ones and the remaining zeros) and 

the other terms were described previously. Equation (5) can be rewritten in the form of regionalized matrices: 

 

 {[
𝐼 0
0 𝐼

] − [ 𝐴𝐸𝐸 𝐴𝐸𝑅𝐵𝑟

𝐴𝑅𝐵𝑟𝐸 𝐴𝑅𝐵𝑟𝑅𝐵𝑟]} [ 𝑋𝐸

𝑋𝑅𝐵𝑟] = [ 𝑌𝐸

𝑌𝑅𝐵𝑟] (6) 

 

 

By carrying out these operations, the basic model necessary for the inter-regional analysis proposed by 

[15] is obtained, resulting in the inter-regional Leontief system of the form: 

 

 𝑋 = (𝐼 − 𝐴)−1𝑌 (7) 

 

In Equation (7), we have that the matrix (𝐼 − 𝐴)−1is the inverse of Leontief called B with bij elements, 

and the equation can be written as: 

 

 [ 𝑋𝐸

𝑋𝑅𝐵𝑟] = [ 𝐵𝐸𝐸 𝐵𝐸𝑅𝐵𝑟

𝐵𝑅𝐵𝑟𝐸 𝐵𝑅𝐵𝑟𝑅𝐵𝑟] [ 𝑌𝐸

𝑌𝑅𝐵𝑟] (8) 

 

It is possible to estimate indicators for each sector of the economy based on direct technical coefficients 

and the inter-regional inverse Leontief matrix (Miller and Blair, 2009). 

 

 Indicators based on the input-output matrix 

 

Using the direct coefficients and the inverse Leontief matrix, it is possible to estimate, for each sector 

of the economy, how much employment is generated directly and indirectly in total and by education for each 

monetary unit produced for final demand14, that is: 

 

 𝐺𝑉𝑗 = ∑ 𝑏𝑖𝑗𝑣𝑖
𝑛
𝑖=1  (9) 

 

In equation (9), 𝐺𝑉𝑗 is the value of the multiplier, that is, total impact, direct and indirect, on the 

variable in question; 𝑏𝑖𝑗  is the ijth element of the inverse Leontief matrix and v_i is the direct coefficient of the 

variable of interest 𝑣𝑖 =
𝑉𝑖

𝑋𝑖
) which is the relationship between the variable of interest (Vi)  per unit of sectoral 

production (Xi). 

The production multiplier shows how much is produced for each monetary unit of final demand, 

defined by Equation (10): 

 𝑀𝑃𝑗 = ∑ 𝑏𝑖𝑗
𝑛
𝑖=1  (10) 

 

In Equation (10), 𝑀𝑃𝑗  is the production multiplier of the j-th sector of the Leontief matrix and the other 

variables were previously defined. 𝑀𝑃𝑗  represents the total impact, direct and indirect, of the variable in 

question for a variation of one unit in final demand. 

To estimate the spillover of multipliers it is necessary to decompose the indicators based on the input-

output matrix (total effect) into regional and inter-regional effects, this will allow analyzing the impact of the 

variation in sectoral final demand on the variable of interest inside and outside the region of origin of the 

sector14. The total effect represents the total impact on the economy, which is required to meet the variation of 

one unit in the final demand of sector j. Subsequently, the relationship between the inter-regional effect and the 

total effect is estimated, normally calculated as a percentage. 

To estimate the direct local impacts in each municipality in the state of Parana, the direct coefficient 

value of the variable of interest (𝑣𝑖) is multiplied by the municipal final demand values obtained in the input-

output matrix. In this way, it is possible to obtain direct impacts on yerba mate producing municipalities to 

assess economic and social sustainability within each location. The results are preferably presented on maps due 

to the large set of results. 

The Parana – Rest of Brazil input-output matrix was estimated based on studies that detail the 

preparation of inter-regional matrix estimates17,18, 19. The sectors of interest for the present study were 

disaggregated from activities that originally existed in the input-output matrix, in this way, the Yerba Mate 

Extraction sector was disaggregated from the original Forestry Production and Extractivism sector, just as the 

Yerba Mate Cultivation sector was disaggregated. based on data from the original sector Agriculture and the 

Agro-industry of yerba mate, it was disaggregated from the original sector called Other food products. The data 
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and information to disaggregate the sectors of the yerba mate agro-industrial complex were obtained from the 

National Supply Company, which provides the costs of yerba mate production and the costs of the yerba mate 

agro-industry11, 20. 

 

III. Result 
The results of the economic, social and environmental sustainability indicators of the links in the yerba 

mate agro-industrial complex in the state of Parana are divided into two levels, state and municipal, as the 

impacts are different in the localities due to the concentration of production in the southern region. At the state 

level, multipliers of employment, production, income, taxes and carbon dioxide emissions from the burning of 

fossil fuels were estimated for the sectors that belong to the yerba mate agro-industrial complex and compared 

to the economy average. At the municipal level, the direct impacts of job and income generation were estimated 

to verify the relative importance of cultivated and extractive yerba mate production in the local economy. 

Furthermore, the relative impact of the tax incentive called Tax on the Circulation of Ecological Goods and 

Services was analysed, a tax benefit program for municipalities that preserve water sources and native forest 

areas. Within this program, 5% of the amount collected in the state is divided between the localities that 

preserve water sources and native forests. In the case of industry, the large number of companies, processing 

capacity and interdependence of raw materials between municipalities, including exports to other states, made it 

difficult to estimate the local impact of yerba mate processing. 

 

Economic, social and environmental indicators of the yerba mate agro-industrial complex sectors in the 

state of Parana - Brazil 

The results of the multipliers of employment, production, income, taxes and carbon dioxide due to the 

burning of fossil fuels in the sectors of the yerba mate agro-industrial complex were tabulated and compared 

with the economic averages. The values obtained allow carrying out an economic, social and environmental 

analysis of the economic activities (sectors) directly involved in the production and processing of yerba mate. 

In Table 1, the values refer to the capacity to generate jobs (employment multiplier) for the variation in 

sectoral final demand of one million reais. For cultivated Yerba Mate, 17.58 jobs were generated in the 

economy as a total effect in 2018, with 14.83 jobs being generated in the field (agriculture), 1.38 jobs in Parana 

and 1.38 in the Rest of Brazil. Brazil. The indirect effect occurs through the purchase of inputs to feed the 

production system, whether in the state or in the rest of Brazil. The results for job creation for extractive Yerba 

Mate were 14.39 total jobs, of which 12.36 were direct, 1.26 in the state of Parana and 0.76 in the Rest of Brazil. 

The values obtained are lower than for cultivated Yerba Mate, as extractivism uses fewer inputs. The processing 

of yerba mate (Agro-industry) had 15.17 total jobs, with 4.09 direct, 6.21 indirect in Parana and 4.87 in the Rest 

of Brazil. 

 

Table 1: Employment multiplier in the sectors of the yerba mate agro-industrial complex in the state of Parana, 

2018. Jobs generated from the increase of one million reais in sectoral final demand. 

Sectors 

Effects 

Spillover Direct 

Parana 

Indirect 

Parana 

Indirect 

Rest of Brazil Total 

Cultivated yerba mate 14.83 1.38 1.38 17.58 8% 

Extractive yerba mate 12.36 1.26 0.76 14.39 5% 

Yerba mate agro-

industry 

4.09 6.21 4.87 15.17 32% 

Average state 
economy 

9.43 3.11 2.30 14.85 16% 

 

It is important to note that the employment generation capacity values of the sectors of the yerba mate 

agro-industrial complex in total values are close to or above the economy average, which was 14.85. The 

spillover effect concerns the share of the inter-regional effect in relation to the total and shows the dependence 

on inputs from outside the region to feed the production system of the analysed sector. The average Spillover of 

sectors of the state economy, 16%, is greater than to produce yerba mate (cultivated or extractive), which varies 

from 5% to 8%. The 32% spillover from the yerba mate agro-industry is twice the average for the economy. The 

results show that around a third of the jobs generated by the industrialization of yerba mate appeared outside the 

state of Parana. Studies could be carried out to reduce this dependence, which is related to raw materials, 

energy, packaging, transport, financial services and other inputs from outside Parana to move the regional agro-

industry. 

The results for the production multiplier of the sectors of the yerba mate agro-industrial complex 

(Table 2) show that processing stands out for this indicator, despite the greater spillover effect. Agro-industry 

generated 2.29 million reais in the economy for a million reais increase in final demand, of which R$0.64 
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million outside Parana. The cultivated yerba mate sector generated R$ 1.56 million and the extractive yerba 

mate around R$ 1.25 million for the same variation in final demand, but with spillovers of less than 20% and 

8%, respectively. 

 

Table 2: Production multiplier of sectors of the yerba mate agro-industrial complex in the state of Parana, 2018. 

Values in millions of reais generated from the increase of one million reais in sectoral final demand. 

Sectors 

Effects 

Spillover Direct 

Parana 

Indirect 

Parana 

Indirect 

Rest of Brazil Total 

Cultivated yerba mate 1.00 0.25 0.31 1.56 20% 

Extractive yerba mate 1.00 0.16 0.10 1.25 8% 

Yerba mate agro-

industry 

1.00 0.66 0.64 2.29 28% 

Average state 
economy 

1.00 0.41 0.39 1.80 22% 

 

The Gross Domestic Product (GDP) comprises remuneration for work, payment to capital and tax 

collection on production. The results of the GDP multiplier of the links of the yerba mate agro-industrial 

complex in Parana are in Table 3. The highest value obtained was for the extractive yerba mate sector with R$ 

952 thousand for the increase of R$ 1 million of final demand, with a Spillover of 5%. Next, Yerba Mate 

cultivated with R$ 826 thousand (13% spillover) and processing (Agro-industry) with R$ 772 thousand (33% 

spillover). The production of yerba mate, whether extractive or cultivated, generated a higher GDP than the 

average for the state economy, with the advantage of less spillover. The smaller inter-regional effect and 

spillover of extractivism is explained by the smaller need for inputs to move the production process. The 

relatively high indirect effect of GDP generation in the yerba mate agro-industry sector shows the greater 

acquisition of inputs, including those from other regions. The results of the GDP multiplier show the economic 

sustainability of yerba mate production, especially extractive production. 

 

Table 3: Income multiplier (Gross Domestic Product) of the sectors of the yerba mate agro-industrial complex 

in the state of Parana, 2018. Values in thousand reais generated from the increase of one million reais in sectoral 

final demand. 

Sectors 

Effects 

Spillover Direct 

Parana 

Indirect 

Parana 

Indirect 

Rest of Brazil Total 

Cultivated yerba mate 633 86 106 826 13% 

Extractive yerba mate 835 72 44 952 5% 

Yerba mate agro-

industry 

200 315 257 772 33% 

Average state economy 463 189 155 808 19% 

 

Table 4 contains the values of the tax multiplier for the sectors of the yerba mate agro-industrial 

complex in the state of Parana. The highlight for the generation of taxes is the processing (yerba mate agro-

industry), because despite the spillover effect of 34%, the total value of R$ 88 thousand for the increase in final 

demand by R$ 1 million is greater than for the agricultural or extractive production (56 and 22 thousand reais, 

respectively) and the economy average (R$ 70 thousand). The regional effects (in Parana) of the generation of 

taxes show that processing is an important link for the indicator and that the increase in state processing 

capacity, with a decrease in the sending of raw materials to other regions of the country, could increase the tax 

generation. 

Considering the spillover effect of the links in the yerba mate agro-industrial complex, the extractive 

yerba mate sector has a lower percentage value than the average for the economy and other links, but the total 

impact of R$ 21.92 thousand is relatively smaller. In this sense, cultivated Yerba Mate generates an advantage 

in relation to tax generation. 

 

Table 4: Tax multiplier for sectors of the yerba mate agro-industrial complex in the state of Parana, 2018. 

Values in thousand reais generated from the increase of one million reais in sectoral final demand. 

Sectors 

Effects 

Spillover Direct 

Parana 

Indirect 

Parana 

Indirect 

Rest of Brazil 
Total 

Cultivated yerba mate 28.59 10.46 16.95 55.99 30% 

Extractive yerba mate 12.18 5.32 4.42 21.92 20% 

Yerba mate agro-industry 36.65 21.54 30.12 88.31 34% 

Average state economy 36.96 14.27 19.20 70.43 27% 
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Table 5 shows the results for the generation of carbon dioxide for a variation of one million reais in the 

final sectoral demand of the sectors of the yerba mate agro-industrial complex. The total values are lower than 

the economy average (74 tons per year), with the extractive (native) yerba mate sector having a lower 

environmental impact according to the indicator (28 tons per year). Furthermore, it must be considered that 

extractivism seeks to conserve areas for economic use and that causes important social impacts. The largest 

direct impact occurs for cultivated Yerba Mate (34 tons) and the most important inter-regional impact occurs 

through processing (26 tons of CO2 in the rest of Brazil). The estimated values show that the yerba mate agro-

industrial complex is more environmentally sustainable than the average economy, with contributions in terms 

of job and income generation. 

 

Table 5: Carbon dioxide multiplier due to the burning of fossil fuels in the sectors of the yerba mate agro-

industrial complex in the state of Parana, 2018. Values in tons generated from the increase of one million reais 

in sectoral final demand. 

Sectors 

Effects 

Spillover Direct 

Parana 

Indirect 

Parana 

Indirect 

Rest of Brazil Total 

Cultivated yerba mate 34.32 11.19 14.46 59.97 24.11% 

Extractive yerba mate 17.02 6.35 4.17 27.54 15.14% 

Yerba mate agro-
industry 

10.20 22.98 26.15 59.32 44.08% 

Average state economy 39.94 14.39 19.62 73.95 38.33% 

 

Impacts on municipalities in the state of Parana of yerba mate production 

Based on the results of the economic indicators that multiply Gross Domestic Product (GDP) and 

employment in the sectors of the yerba mate agro-industrial complex, it is possible to estimate the impacts 

(direct effect) in the municipalities of the state of Parana. Figure 5 presents two maps with the results of the 

Gross Domestic Product (Figure 5A) and the share of GDP generated by the production of yerba mate in the 

Agricultural GDP generated by the production of yerba mate (cultivated and extracted) in the Agricultural GDP 

of the Municipalities of the state of Parana (Figure 5B) in 2018. Absolute values refer to millions of reais of 

Gross Domestic Product and participation in percentage values. 

Figure 5A shows that there were 6 municipalities with GDP generation from yerba mate production 

greater than R$ 18.5 million in 2018. Considering the relative impact of income generation from yerba mate, 

there were four municipalities for which around one third of the municipal Gross Domestic Product was 

represented by the production of cultivated and extractive yerba mate. The seven Municipalities with the 

greatest impact on income were Cruz Machado (R$ 59 million in income), São Mateus do Sul (R$ 57 million in 

income), Bituruna (R$ 32 million in income), General Carneiro (R$ 22 million in income), Paula Freitas (R$20 

million), Inácio Martins (R$19 million in income) and Prudentópolis (R$14 million). The results show that 

around a third of the Agricultural Gross Domestic Product depends on the production of yerba mate, whether 

extractive or cultivated, in the localities of Cruz Machado (36%), Bituruna (35%) and Inácio Martins (33%). 

Other municipalities with important impacts were Porto Vitória (30%), General Carneiro (22%), São Mateus do 

Sul (21%) and União da Vitória (21%). 

The results show that there are seven locations with at least 20% of the Agricultural GDP dependent on 

the production of yerba mate. If processing is carried out in the region, this implies that the generation of income 

and employment will have significant impacts and the agro-industrial complex will be one of the most important 

for the municipalities identified in the analysis. 
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Figure 5: Direct impacts on the generation of Gross Domestic Product in municipalities in the state of Parana 

due to the production of yerba mate (cultivated and extracted) in absolute values in millions of reais (Figure A) 

and percentage participation in the Municipal Agricultural Gross Domestic Product (Figure B), 2018. 

Source: research results. 

 

Figure 6 shows the impacts of job creation through yerba mate production and participation in relation 

to the total population in municipalities in the state of Parana in 2018. The maps and tables can be analysed 

together. The seven locations with the greatest impact are Cruz Machado (992 jobs), São Mateus do Sul (956 

jobs), Bituruna (539 jobs), General Carneiro (297 jobs), Paula Freitas (312 jobs), Inácio Martins (232 jobs) and 

Prudentópolis (255 jobs). 

The main social contribution of the yerba mate agro-industrial complex is the generation of local jobs, 

as cultivated and extractive production is based on family farming. Therefore, the emergence of new rural jobs 

helps to keep the population in the countryside while encouraging the preservation of native forests.  

 

 
Figure 6: Direct impacts on the generation of jobs in municipalities in the state of Parana due to the production 

of yerba mate (cultivated and extractive) in absolute values in jobs (Figure A) and percentage share in the total 

inhabitants of the municipality (Figure B), 2018. 

Source: research results. 

 

In relation to the generation of direct jobs in the field for the production of yerba mate, the participation 

values (%) of these jobs in the total municipal population are in Figure 6B. Greater relative importance is noted 

in the municipalities of Paula Freitas 5.41%), Cruz Machado (5.35%), Bituruna (3.31%), Porto Vitória (2.69%), 

General Carneiro (2.13%), São Mateus do Sul (2.10 %) and Inácio Martins (2.10%). It is important to note that 

the higher values of income generation and employment in yerba mate production in municipalities do not 

coincide with the ranking of relative importance (percentage share) of variables in municipal economies. 

Therefore, encouraging yerba mate cultivation, whether in field production or local industrialization, will have 

different impacts on municipalities and will be relatively greater where participation in the economy is more 

important. 

Figure 7 illustrates, respectively, the values of Tax on the Circulation of Ecological Goods and Services 

(Ecological ICMS) received by municipalities in the State of Parana (reserve area and water sources) in Figure 

7A in millions of reais annually and the share participation of the total ICMS values received by the locations in 

percentage terms in Figure 7B. 

 

(A) (B) 

(A) (B) 
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Figure 7: Value of Ecological ICMS received by municipalities in the State of Parana (A) 

Source: research results. 

 

In Figure 7A, it is noted that the values of the tax benefit for forest preservation represented values 

between less than one million reais for 309 municipalities. However, for seven municipalities the values were 

higher than 8.2 million reais. Considering that most municipalities are relatively small in economic terms, the 

relative impact of Ecological ICMS receipts must be assessed, therefore, Figure 8B shows the percentage values 

relative to the total ICMS. Preservation tax incentives represented doubling the value of taxes received from the 

state for four municipalities, according to Figure 7B. The results show that the transfer of the Ecological ICMS 

is important for relatively small municipalities in the state economy, however, it represents insignificant 

percentage values for the largest municipal economies. 

 

IV. Discussion 
The research results showed that from the sustainability point of view, the yerba mate agro-industrial 

complex present-ed a production multiplier for the Agro-industry that was greater than the average for the 

economy, the income multi-plier for extractive yerba mate was greater than the average for all sectors and the 

job creation capacity (job multiplier) of the complex's links are close to or above average. Considering carbon 

dioxide emissions, the extractive yerba mate pro-duction system is the best option to meet new environmental 

requirements and leverage new markets whose consumers are environmentally conscious. The indicators 

showed the economic, social and environmental sustainability of the yerba mate agro-industrial complex, mainly 

based on extractive raw materials. 

The impact on production, employment, income, taxes and carbon dioxide emissions is different 

depending on the economic agents involved in the agro-industrial complex, such as producers, grass growers 

and governments (municipal and state). Furthermore, the sustainable production of extractive yerba mate has 

impacts on society with positive externalities on the environment. Increasing yerba mate productivity at the 

producer level with the adoption of new technologies involves access to technical assistance. The predominance 

of family farming with traditional cultivation methods is a characteristic of yerba mate production. Units with 

greater productivity can acquire new techniques with improved varieties, pest control and new methods21. 

The development of the yerba mate agro-industrial complex includes obtaining better prices for 

producers and opening new markets. Producer prices present greater volatility, which contributes to the 

instability of their income22. Price formation shows that downward variations impact the industry less than the 

producer. The industrial process, which includes sapeco, drying and crushing of yerba mate, presents the highest 

trade margin values. The industry's strategy is to cover the entire transformation process with vertical integration 

until it has its own herbs, with guaranteed quality and quantity of raw materials23. 

As verified in the results of the present study, extractive yerba mate is of organic origin, without the use 

of pesticides or other chemical inputs. For the producer, product differentiation is an alternative to guaranteeing 

better prices. However, producers are unaware of the certification processes because there is a lack of 

information and external support, however, they want to adapt their properties to possible economic and 

environmental gains24. There is a need to develop marketing actions to inform the strong ecological 

characteristics present in the product, little noticed by consumers. Therefore, the different certifications, 

especially organic production, are little known in the agro-industrial complex while internal consumers are not 

aware of the sustainable process of the yerba mate agro-industrial complex25. 

For the yerba mate agro-industrial complex to benefit from greater sustainability, mainly with 

extractive yerba mate as demonstrated in the present study, the traceability process must be implemented so that 

the consumer can be sure of the origin and transit of the product. Certification can be a part of this process. This 

will lead to better prices for the product and raw materials and the opening of new markets. 

Because of the better quality and sustainability of extractive yerba mate, there is a price premium for 

yerba mate produced in the shade compared to cultivated, however, this difference is decreasing over time. 

Furthermore, the possibility of certifying the raw material can be a strategy for obtaining a higher sales price, 

(B) (A) 
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however, the process is relatively ex-pensive for small producers. Producer prices present greater volatility, 

which contributes to income instability22. Price formation shows that downward price variations impact the 

industry less than the producer23. 

Herb producers seek to acquire raw materials in the quantity and quality necessary for the good 

development of the business, opening new markets, especially exports and certification. The results of actions to 

achieve industry objectives imply obtaining higher product quality, increased sales and customer trust in its 

quality. The greater need for raw mate-rials for export can boost producer prices, in addition to generating 

employment, income and taxes throughout the agro-industrial complex. 

Society benefits from maintaining the forest in the shaded production of yerba mate, which is capable 

of mitigating car-bon dioxide emissions. The planting of new Araucaria plants and other plant species that 

contribute to the sustainable production of yerba mate. Mate presents characteristics of sustainability and 

healthy appeal that are still little explored among consumers. Corporate socio-environmental responsibility is a 

recurring theme and used as a green institutional marketing strategy to boost sales. The use of green marketing 

would be a powerful tool to raise awareness among consumers and identify challenges within the agro-industrial 

complex, which could not go unnoticed26. The social im-pacts resulting from stimulating final demand for 

healthy product characteristics and sustainable production are the improvement of the population's health and 

environmental awareness. 

Certification is a part of a product's traceability system, as a traceability system makes it possible to 

identify problems in the production process, control risks, improve and guarantee product quality, comply with 

marketing requirements and know all stages of production to ensure transparency. The author states that in the 

yerba mate production chain there is no homogeneity in the product standard, which makes the necessary 

expansion of the consumer market difficult27. 

 

V. Conclusion 

The methodology proved to be suitable for analyzing the proposed problem of measuring the 

economic, social and environmental sustainability of the yerba mate production chain in its largest producer in 

the world, the state of Parana, in Brazil. The results showed that the input-output tool made it possible to 

estimate several indicators to com-pare different production systems and local impacts (state and municipal), 

which constitutes an important methodological and empirical contribution in assessing the sustainability of 

production chains. 

The results of the indicators based on the input-output matrix of the sectors of the yerba mate agro-

industrial complex in the state of Parana showed that the links present different characteristics and economic, 

social and environmental impacts. Compared to the average values of the state economy, the yerba mate agro-

industrial complex is considered more sustainable, as it presented lower relative values of carbon dioxide 

emissions due to the burning of fossil fuels in all links, greater generation of jobs in production cultivated, 

greater income generation from extractive yerba mate and greater generation of total taxes from Agro-industry, 

in addition to contributing to increased production and preservation of the mixed rainforest. 

The sustainable production of yerba mate through the extractive system was proven by the analysis of 

economic, social and environmental indicators based on the input-output matrix. To explore the marketing 

benefits arising from production sustainability, it is necessary to implement a traceability system, as currently 

raw materials of different origins and types are processed together without identification. 

The traceability and expansion of the consumer market will make it possible to increase producer 

prices and generate jobs and income in municipalities in the state of Parana where the extractive system is 

important. The agro-industry will benefit from market expansion, especially exports to countries where 

consumers are more demanding in quality and sustainability. Local governments will receive the tax benefits 

arising from the preservation of the native forest. For consumers, there will be access to a natural, high-quality 

product with beneficial health properties. 

New studies can be developed to overcome the challenges for producers and the herb industry to obtain 

organic certification and others necessary to reach more demanding markets from an environmental point of 

view and to increase links with importing countries. 
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