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Abstract 

The paper aims to analyse the impacts on social upgrading in the two main fruit-produc-

ing areas of the Brazilian Northeast – Açú-Mossoró and Petrolina-Juazeiro. The concept 

of decent work deficit was elected as a guideline for the theoretical background, as many 

authors have applied it to address social upgrading in a more objective way. The paper 

has adopted the time series econometric analysis to identify possible structural breaks 

in the formal workers’ demand per hectare for the two regions. The main results indicate 

some structural breaks in the formal labour market in both regions. This corroborates 

with the literature that some institutional changes impact working conditions. However, 

the intensity and direction of these impacts differed in each researched area. With the 

results is possible to affirm that a decrease in the decent work deficit resulted from the 

enforcement of the labour laws since the emergence of a new institutional environment.

Keywords: Agrifood value chains; Decent work deficit; Social upgrading; Time series 

analysis. 
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1  Introduction 

At the beginning of the 2000s, Brazil consolidated itself as an important player in the 

international fruit market, especially in mangoes, melons, and grapes. This was possible 

as the semi-arid region in the Brazilian northeastern region attained good irrigation 

facilities. Since the mid-1990s these regions specialized in the production of high-quality 

fruits (Penha, 2018; Hespanhol, 2015; Buanain and Garcia, 2015).

As Penha (2018) points out, developing countries entered world trade owing to the con-

vergence of certain aspects that changed the geopolitical scenario in the agrifood system. 

While technological innovations made it possible to increase the shelf life of perishable 

fresh produce, there has been an increasing demand for products that have high nutri-

tional value and are sustainable and safe. Moreover, a new global pattern has emerged 

in agricultural policies, as a result of which lesser subsidies are granted to producers. 

With the growing competitiveness of international trade, economies have opened up in 

favour of increasing imports of agricultural goods. These changes have created room 

for the inclusion of the northeast irrigated areas in the global agricultural value chains.

Global agricultural chains are complex systems that involve producers from different 

parts of the world, offering them substitute products as well. These products require 

high-quality standards and specific attributes that are guaranteed by certification 

schemes, which, in turn, can be attained through coordination, monitoring, and control. 

This process is headed by the supermarket and retail chains of developed countries as 

they are the final point of the chain and is the space of interaction with the consumers 

of such products (Lee et al., 2012).

Global value chains are a phenomenon that emerges from the breaking down of the 

productive process into tasks spread across several countries in the world. Because 

of this, the literature has sought to analyse, to a large extent, the economic and social 

impacts in the countries that are part of these chains. In terms of economic upgrading, 

the studies seek to analyse the behaviour of agents or countries within the chain to 

understand whether their positions have improved or not, as detailed by Marcato and 

Baltar (2017). However, the analysis of social upgrading is complicated, since measuring 

welfare in a country owing to it being included in value chains is difficult as it is hard 

to identify and isolate the effect. As Marcato and Baltar (2017) observe, the analysis of 

the concept of decent work in workers involved in the chain has been a path adopted by 

some researchers and allows for addressing an important aspect of the process.
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The concept of decent work was developed by the ILO and addresses four central aspects: 

job creation; social protection; social dialogue; and guaranteeing workers’ rights (Ferraro 

et al. 2016). In agriculture, although the ILO has included rural workers in its agenda since 

1921, the document titled Decent Work in Rural Economy (2017) points out the need for a 

deeper analysis, since about one-third of the workforce is employed in rural areas and it 

is also the sector that has great deficits in relation to the institution’s concept of decent 

work (Scherrer and Verma, 2018). Thus, the ILO with FAO has developed a decent work 

agenda considering the specificities of rural occupations.

Therefore, understanding that the rural areas hold a large contingent of workers and that 

historically these are in more vulnerable working conditions, this paper aims to analyse 

the impact of global agrifood chains on decent work deficit in the fruits production in 

the Brazilian Northeast. Although there have been extensive discussions in the literature 

about the condition of labour involved in fruit production in the Brazilian Northeast, 

studies linking the transformations in terms of governance of global value chains of 

fresh fruits and their impacts on the labour market, i.e., the extent of influence that 

global value chains of fruit production have on social upgrading, are inadequate. This 

paper starts from the hypothesis raised in the works of Mehdi et al.(2021) on mango 

production in the Petrolina-Juazeiro Region and of Apolinário et al. (2018) on melon 

production in the Açú-Mossoró Area, both of which point out that the confluence of the 

enforcement of the Brazilian labour legislation in the rural areas, together with new forms 

of certification, as well as the presence of rural workers’ unions, had led to improvements 

in the working conditions of employees in the production of fresh fruits in the Brazilian 

semi-arid regions.

Thus, the paper focuses on the analysis of the evolution of formal agricultural employment 

in the two main regions of fresh fruit production in the Brazilian northeastern semi-arid 

region – the Açú-Mossoró and Petrolina-Juazeiro regions. In methodological terms, this 

work adopts both a qualitative and quantitative approach to analyse the labour market 

associated with fresh fruit production in these two regions. The data collection of the study 

combines bibliographical and documental research thereby merging specialized bibliog-

raphies about the subject to interpret the results obtained from the analysis of descriptive 

statistics of the data of the labour market, as well as from the application procedure of 

structural break of time series. The analysed data were collected from public databases 

regarding the labour market (RAIS 1996-2019) and Agricultural Censuses (1996, 2006 and 

2017). The methodological procedures adopted will be detailed in a specific section.
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2   The evolution of the organization of 
 fruit production in the Northeast and its 
 impact on the formal labour market 

In the last three decades, Brazil has become one of the most important players in the 

international market of fresh tropical fruits. This prominence is largely due to the consoli-

dation of the irrigated areas in the northeast region, especially the Açú-Mossoró territory 

for melon production and the Petrolina-Juazeiro territory for grapes and mango produc-

tion. However, the path of these two territories is permeated by constant adjustments 

in the relationships between the agents due to changes in the panorama in which they 

are included. One of the main points that have changed over the last decades was the 

labour market, due to general changes in Brazilian agriculture and consequently its labour 

relations as highlighted by Sakamoto and Maia (2022). In addition, local changes have 

also had an important impact on it (Apolinário et al. 2018; Penha, 2018; Selwyn, 2014).

According to Sakamoto and Maia (2022) the changes in the Brazilian labour market is a 

result of two elements productive changes and institutional aspects. For the authors, 

the process of modernization of Brazilian agriculture since the 1960s had an impact on 

labour productivity, increasing the demand for more qualified workers, which had an 

impact on labour relations. On the other hand, institutional changes, especially at the 

end of the twentieth century, with new policies aimed at family farm agriculture, as well 

as the enforcement of labour laws, created room for new labour relations (Sakamoto 

and Maia, 2022).

As argued by Sakamoto and Maia (2022), the production structure and productivity 

gains in the agricultural sector are reflected in the labour relations established. In this 

regard, Santos and Viera Filho (2012) point out that the process of productivity gains in 

Brazilian agriculture has happened over the years in a very unequal way, generating a 

profound inequality in labour productivity and consequently in the labour market. The 

authors highlight the northeast region, which has lower labour productivity than other 

Brazilian regions, and this implies greater informality of labour in the region. Corrobo-

rating this last argument, Da Silva and Vian (2021) point out that the northeast, together 

with the north, are the regions that have the lowest degrees of modernization in Brazil. 

However, the same authors point out that it is possible to see “islands” of modernity in 

the northeast region, especially when analysing the capital-labour relationship, in which 

it is possible to observe higher productivity of agricultural production.
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As Silva (2001) points out, the two most important areas of irrigated fruit production in 

the northeast have undergone an important restructuring process that delineated the 

path for each one of them. The Petrolina-Juazeiro region underwent significant changes 

in the productive process and in labour relations. These transformations have been a 

result of technological intensification and new forms of relationships in the organization 

of labour with the emergence of outsourcing of certain activities, new specific tasks and 

partnership contract regimes. These movements resulted in a drop in the quantity of 

workers per area in the Petrolina-Juazeiro region. The Açú-Mossoró area went through 

a similar pathway (Silva, 2001). Hence, recognizing these productive and institutional 

transformations, as defined by Sakamoto and Maia (2022), is the key to understanding 

labour relations.

Changes in the production process 

The starting point for the consolidation of the Northeast fresh fruit-producing areas was 

the water infrastructure that began to be built in the 1960s. Since the region historically 

suffers from water shortage, this infrastructure allowed the rise of several irrigated areas 

in the semi-arid regions of Brazil that boosted agricultural production (Buainain and 

Garcia, 2015). However, as Silva (2001) points out, the great turning point in irrigated areas 

occurred in the mid-1980s, a period in which irrigated fruit farming began to stand out. 

The rising of the fresh fruit-producing areas in the Brazilian Northeast, as identified by 

Silva (2001), stems in part from the serious economic crisis that the Brazilian state faced in 

the 1980s. This crisis changed the perspective of Brazilian economic development policy, 

due to the need for foreign exchange to stabilize the balance of payment. So, the promo-

tion of agricultural production directed to the international market was boosted which 

included the tropical fruits that were appearing in the irrigated areas. This new trend, on 

the other hand, is also the result of paradigmatic transformations in the Agrifood System, 

which resulted from gradual changes that have led to the transition from a production 

model concentrated on a few large-scale crops to supply the food industry inside the 

countries that had practised strong protectionism policies for agricultural goods, to a 

new regime in which there is a diversification of products with distinct attributes linked 
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to the new desires of consumers in a globalized world with fewer trade barriers. This 

rupture has allowed the insertion of new products and producers in different regions. 

This environment created room for the consolidation of the Northeast fresh fruit chains 

in the international market structured in global value chains (Penha, 2018).

Silva (2001) also mentions an important local aspect in the Petrolina-Juazeiro path is 

that the production is based on large companies. This fact allowed the consolidation of 

private governance through associations that enabled their insertion in the global value 

chains. This process can also be observed in the Açú-Mossoró area, as corroborated 

by Nunes (2009). These global value chains that had set up in the irrigated areas of the 

semi-arid Northeast, in the mid-1990s, demanded specific attributes of the fruits and 

modern inputs and agricultural techniques in the production process that were unviable 

at that time for small producers (Penha, 2018; Nunes, 2009; Silva, 2001). Although over 

time the knowledge has spread to small and medium producers, allowing them also to 

integrate into these global value chains, it is important to highlight that in the first years 

of fruit production in the hubs it is the large firms that were the key players and they 

consolidated the region as an important fruit-producing area for international markets 

(Selwyn, 2008). 

As the expansion was based on large companies, the labour market was consolidated, 

with regular demand in the region, as argued by Silva (2016), when analysing the region 

of Petrolina-Juazeiro. However, even though fruit production has had an impact on job 

creation, it should be noted that in the early years of the fruit-producing areas, labour 

relations were far from the ILO’s concept of decent work. As Apolinário et al. (2018) and 

Silva (2016) analysed, much of the work in fruit production in the hubs at the beginning 

of their trajectory was informal. Apolinário et al. (2018) are even more assertive about the 

working conditions, stating that the workers did not use adequate protective equipment 

and had no decent housing or food.

In this way, the workers employed in fruit production during the initial period found 

themselves in extremely vulnerable work situations. They were even outside the labour 

legislation, which was in force for urban workers. Thus, the labour relations established 

showed a large deficit of decent work. However, the region went through important 

changes from the late 1990s and early 2000s that culminates in a new institutional envi-

ronment with important impacts on the labour market.
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The new institutional environment: the relationship between  
labour legislation, certifications and rural unions 

One key aspect when dealing with the labour market in Brazilian rural areas is to highlight 

the struggle that rural workers had in relation to the regulation of working conditions. 

This is because, since 1943, with the Consolidation of Labour Laws (CLT), the legislation 

that regulated workers, though the basic rights such as minimum wage and maximum 

weekly working hours, were established, the institutionalization of the labour rules was 

applied exclusively to urban workers; the rural workers were left out of the regulation in 

the enactment of Law 5.452 / 1943. It was only in 1963 that the Statute of the Rural Worker 

was created to cover specific aspects of the rural workers, and only in 1973 the CLT was 

“ruralized” through Law 5.889 / 1973 with the extension of the rights of urban workers 

to all rural workers including the category of temporary worker that appeared in this 

period during the modernization process of Brazilian agriculture. The 1988 Constitution 

ratified the full extension of labour rights to urban and rural workers, considering some 

specificities (Krein and Stravinski, 2008; Sakamoto and Maia, 2022).

However, the point that Krein and Stravinski (2008) highlight is the enforcement power 

of the laws. For the authors, the existence of legislation and its enforcement depends 

on an institutional relationship between the state and union organizations so that the 

legislation can be enforced without violations. It was this absence of synergy that led to 

the intense informality in the labour market of the irrigated areas in the Northeast region 

during the beginning of the 1990s. Although legislation with minimum guarantees for 

rural workers exist since the 1970s, according to Apolinário et al. (2018), it was possible to 

identify violations in melon production in the 1990s. This fact was due to an institutional 

environment with no capacity to enforce labour laws.

It was only after the promulgation of the 1988 Constitution that the Brazilian state, as well 

as civil society, managed to have a legal apparel to deal with consolidated political power 

forces in the rural areas, such as the oligarchies in the Northeast. Despite important rural 

union movements at the turn of the 1970s into the 1980s, as Krein and Stravinski (2008) 

elucidate, the capacity for union organization was difficult; the same authors show that 

the number of union members did not exceed 15 % in 1992. In addition, Apolinário et al. 

(2018) describe the difficulty faced by trade unions in Rio Grande do Norte state, where 

there were boycotts by workers of producing farms who participated in the unions.
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However, since the mid-1990s, this environment changed as the labour inspection state 

agencies, under the umbrella of the Labour Justice, began to act in the rural areas apply-

ing the current labour laws. This action put pressure on the fruit-producing farms in the 

Northeast region, which began to be punished for not complying with the legislation. This 

impulse allowed a better atmosphere for the unions; that had allowed the rural unions 

of the two regions to act in the coordination of labour relations with the fruit-producing 

companies and execute collective bargaining agreements (Apolinário et al., 2018; Selwyn, 

2008).

Another aspect that had consequences in the design of the new institutional environment 

for the fruit-producing area in the Brazilian Northeast was the changes that occurred 

globally in the geopolitical scene as evident in the way the process of integration of agri-

cultural markets intensified in the dawn of the World Trade Organization (WTO) in 1995 

as a result of negotiations for fewer protectionism policies of countries (Penha, 2018). 

However, it is important to highlight that together with the greater integration of the 

global agrifood chains, Europe faced a crisis in these chains, in terms of traceability and 

safety issues due to food contaminations, such as the case of the ‘mad cow disease’ and 

salmonella. According to Penha and Belik (2019), these two events combined were deci-

sive for the increased private role and emergence of third-party certifications (TPC). The 

authors emphasize the important difference between TPCs and Standards such as Codex 

Alimentarius, as also in the national guidelines of the health authorities. This distinction 

is the role played by the TPCs in chain governance since these certifications allow for 

broader coordination among the various agents involved in the global chain, but in a 

flexible manner, without the costs of integration. This fact materializes to the extent that 

the specific standards are established by major global retailers, at the same time, using 

agencies (public or private) to monitor producers around the world (Penha and Belik, 2019).

The greatest example of TPC certification is the Global Gap, which is a protocol to produce 

agrifood products created in 1997. This label was first created under the name EurepGap 

and was the result of the articulation of large European retailers. The GlobalGap protocol 

includes four main topics – food safety, environmental preservation, occupational health 

and safety and animal welfare (Asfaw et al., 2010). The consolidation of the GlobalGap 

hallmark marks the beginning of a new era in certification standards, which requires 

governance, involving quality and regulation criteria, among the agents of the global 

chain. This is done by private agents themselves, which places the public sector of the 

countries in second place in the decision-making process (Hatanaka et al., 2005). This 

greater enforcement capacity of private agents on agrifood chains is even more evident 

in developing countries that have consolidated themselves as important suppliers of 

global chains (Penha and Belik, 2019).
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Given this, Hatanaka et al. (2005) argue that these TPC certifications are not just impartial 

ways of coordinating trade, as their wide-scale adoption has caused repercussions on the 

economic and social environment and on the operation of agents within the global agri-

cultural chains. Certifications organize, reorganize and discipline those involved in asym-

metric power relations (Penha and Belik, 2019). In this sense, one of the consequences of 

this new pattern of coordination of global agrifood chains driven by TPC certifications has 

made the labour market flexible, especially in developing countries. This process is an 

outcome of seasonal production to meet export windows. Therefore, the labour market 

is characterized by a lower level of employment with a great oscillation of temporary 

workers (Bain, 2010). Penha et al. (2018) underline this last point by analysing the global 

melon chain in the Brazilian Northeast. The authors identified a strong oscillation in the 

labour market, with peaks of admissions in the months of June to August in contrast to 

the large volume of layoffs in the months of December to March, which coincides with the 

export window. Therefore, this volatility has repercussions on income instability which, 

depending on the labour legislation and social protection mechanisms of the countries, 

downgrades the condition of workers (Penha and Belik, 2019).

For Bain (2010), certifications, particularly GlobalGAP, have a limited effect due to the 

greater flexibility of labour relations that obscures certain information, as is the case of 

subcontracting (Bain, 2010). The intensification of capital which allowed to have tasks 

with low demand for labour and others with higher demand, as shown by Penha et al. 

(2018), lead to this major labour flexibility.

Although in the GlobalGap criteria, responsibility for direct labour relations and sub-

contractors are also subject to inspections, this tangle of contracts makes monitoring 

narrow and difficult (Penha and Belik, 2019). Thus, certifications alone do not guarantee 

the reduction of the decent work deficit as already pointed out by Bain (2010). However, 

as Mehdi et al. (2021) observe, the improvement in working conditions in fruit produc-

tion in the Brazilian Northeast was largely due to the confluence of factors, such as 

changes in the trade process with the participation of certifications that incorporate 

social responsibility, together with the progressive and enforced labour legislation that 

allowed the Labour Auditing Offices to better monitor the achievement of labour laws, 

as also mentioned by Apolinário et al. (2018). This political support for the workers also 

let rural unions have a strong presence in the regions of fruit production, which enabled 

the settlement of collective labour agreements in the second half of the 1990s, thereby 

improving working conditions (Apolinário et al. 2018; Selwyn, 2014; Selwyn, 2008).

The subsequent sections present the methodological procedures and analysis of the 

results that seek to identify whether these changes have caused structural changes in 

the labour market, as well as to locate the period in which they occurred.
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3   Methodological procedures 

General methodological aspects 

The methodological procedures used in this article were based on some important 

assumptions to make it possible to judge the hypothesis presented in the introduction, 

as well as to answer the research question. Thus, this section will detail all the methods 

developed in the research. 

First, it must be made clear that as to the type of research adopted, this is an empirical 

study that adopts qualitative and quantitative methods to seek evidence on the topic 

under analysis. To reach the objective explained in the introduction, the bibliographi-

cal and documental procedures were combined. The analysis model used descriptive 

statistics of the data collected, as well as the method of analysis of structural break of 

time series. The results obtained were interpreted based on the consulted bibliography.

Procedures adopted in the construction of the analysis variables 

As explained earlier, this study sought to verify to what extent there was social upgrading 

in fruit production in the semi-arid region of north-eastern Brazil. However, due to the 

complexity to define and measure a broad topic such as social upgrading as pointed 

out by Marcato and Baltar (2017), the decent work deficit for farm workers as social 

upgrading was adopted.

Thus, although it is understood that the concept of decent work in the production chain 

goes beyond the number of formal workers, this assumption was adopted here since there 

are no long-time series that incorporate other forms of occupation in fruit production in 

the region, in the detail required for the analysis. Furthermore, it is important to consider 

that formal employment under Brazilian labour law assures rights linked with some of the 

11 aspects of decent work pointed out by the ILO. In general, the Brazilian Institutional 

Framework already guarantee some fundamental rights of the decent work agenda for all 

citizens, especially in terms of social dialogue, which guarantees to all Brazilian citizens the 
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right of free association, collective bargaining, promoting strikes and protection against 

gender discrimination. However, despite the changes in some points of the labour law in 

Brazil in 2017, the formal labour contracts protect the workers in a wider way that drives 

the workers to a minor decent work deficit. In terms of promoting better jobs, the Brazilian 

labour law assures that i) minimum wage is defined each year by the central government; 

ii) working time is fair (maximum 44 hours per week) and extra hours regulated; iii) there 

is unemployment wage; iv) there are paid vacations. For the pillar of rights at work, the 

formal workers benefit from norms that regulate safe workplaces. But the main gain is 

in terms of social protection because it allows the workers access to a safety net which 

includes pensions for retirement and death pension for the family, also the support of 

maternity leave of four months with full salary and some short allowances in case of 

sickness or work injury. So, it is possible to affirm that workers under a formal contract 

have a minor decent work deficit. Thus, the increase in formalization was adopted as a 

good proxy to measure a reduction in the decent work deficit.

In this way, a long-time series of the evolution of the number of formal workers was 

built so that it would be possible to see performance based on the insights pointed 

out in the consulted literature. The data on formal workers was collected from RAIS’ 

database. However, it is important to mention that due to methodological alterations in 

the database, it is not possible to isolate the quantity of workers for specific crops for 

years less than 2002. However, the second half of the 1990s is a relevant period to analyse, 

since important transformations occurred in the regions as pointed out by Apolinário 

et al. (2018) and Mehdi et al. (2021). Thus, it is only possible to have a historical series 

that encompasses the 1990s for the two regions that are focused on in this paper and 

considering only the distinction between temporary and permanent crops. However, as 

will be shown in the next paragraphs some strategies to minimize the bias was adopted.

The Açú-Mossoró Area is formed by 11 municipalities, as shown in Figure 1. However, 

to minimize the selection bias of municipalities that have formal workers in temporary 

crops other than melon, only the most relevant municipalities in the production of melon 

in the region was selected throughout the series that goes from 1996 to 2019.
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Figure 1: Location of the Açú-Mossoró Area
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That said, over the period (1996-2019), the main municipalities with melon plantations 

in the Açú-Mossoró Area were: Açú, Mossoró, Baraúna and Ipanguaçu, as illustrated in 

Figure 2, showing the total comparative planted area of these four municipalities in the 

state of Rio Grande do Norte. On average, over the period analysed, these four selected 

municipalities extended over more than 80 % of the planted area.

Figure 2: Evolution of the planted area of melon between melon producers of the 

Açú-Mossoró Area and the other municipalities of Rio Grande do Norte. 
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Hence, the quantity of formal workers employed in temporary farming in these municipal-

ities was collected, since in the period analysed the melon crop was the main temporary 

farming demand, according to the union of workers of the region. So, it is possible to 

conclude that the formal workers of these municipalities were surely almost all employed 

in melon production (Apolinário et al. 2018). 

Similar procedures were adopted for the Petrolina-Juazeiro area; this region is made 

up of eight municipalities (illustrated in Figure 3), belonging to the states of Bahia and 

Pernambuco.

Figure 3: Location of the   Area

BAHIA

PERNAMBUCO Lagos Grande

Sta. Maria da Boa Vista

Orocó

Curaçá

Juazeiro

Orocó

Curaçá

Juazeiro

Source: Sobel and Ortega (2010)

However, when the main grape and mango-producing municipalities were studied for 

this research work in the period 1996 to 2019, it was observed that the municipalities 

of Petrolina, Juazeiro, Curaçá, Santa Maria da Boa Vista, Lagoa Grande and Casa Nova 

were the largest producers of these two permanent crops, as illustrated in Figure 4. 

Thus, the data from Sobradinho and Orocó were excluded to avoid the bias of workers 

in permanent crops other than mango or grape.
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Figure 4: Evolution of the planted area of mangos and grapes in the Petrolina-Juaziero 

Area and the other municipalities
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In their research about mango production in the region, Mehdi et al. (2021) pointed out 

that according to the rural workers’ union of Petrolina, most of the formal workers in 

the region during the period analysed have been in the mango and grape fields. Based 

on this information, it was considered prudent to conclude that it was in the production 

of the grape and mango fields that agricultural workers were formally and permanently 

employed in these municipalities.
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Model of Analysis 

This paper adopted the method of structural breaks analysis. So through the techniques 

of structural breaks it would be possible to identify whether there have been sudden 

changes in the performance of formal employment in the areas analysed, and, if so, 

when had it occurred. In this way, it makes it possible to shed light on the hypothesis 

adopted in this work.

The analysis of structural breaks in time series is used to indicate whether there are 

changes in the level of the series, of slope or both (Da Silveira Bueno, 2008). Structural 

breaks affect the estimation of time series models by violating two basic assumptions 

that are the stationarity of the series in terms of mean and variance, which leads to bias 

in the estimated parameters. This, in turn, can cause an error in the interpretation of unit 

root tests, which is the second basic principle that can be impacted because of structural 

breaks (Shikida et al. 2016). Hence, the analysis of structural breaks is important for the 

accuracy of the specification of econometric models. However, as Enders (2008) points 

out, the growth of interest in understanding economic dynamics broadened the scope 

of these econometric models for interpreting data, as well as for testing hypotheses. 

It is from this broad perspective that this work has chosen to use the structural breaks 

approach, to judge the hypothesis stated in the introduction, as well as to understand 

the trend of the formal labour market of tropical fruit in the Brazilian Northeast. There-

fore, this paper adopted the structural breaks approach to identify whether there are 

significant changes in the evolution of employment, and, in case there are breaks, in 

which period they occur.

For this, some procedures were adopted, since there are tests that seek to identify whether 

there are structural breaks in the time series and to determine the moment of the break. 

Thus, as Kleiber and Zeileis (2008) point out, there are two ways to identify whether there 

are structural breaks, which are the fluctuation tests and the tests based on the F statistic. 

On the other hand, the tests to determine the moments of breakage are derived from 

the works of Bai and Perron (1998; 2003). The gain of the adoption of this methodology 

is that the structural break analysis provides strong evidence of important disturbances 

that change deeply the time series analysed. This kind of finding is meaningful to a better 

understanding of complex variables that suffers a lot of different interferences during the 

time. However, it is important to highlight that this method identifies the possible breaks 

only and does not explain the causes. So once the breaks are found, the key procedure 

to be adopted is to explain what causes the breaks to progress further in the research.
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4   Model Specifications and 
 Analysis of Results 

This section explains the econometric procedures adopted in this paper in more detail 

and analyses the findings for each procedure.

Structural break test I: OLS-COSUM fluctuation test

To perform structural break tests, it is started with a standard linear regression of the 

type:

𝑌𝑌# = 𝑋𝑋#$𝛽𝛽# + 𝑢𝑢#(𝑖𝑖 = 1,… , 𝑛𝑛)          (1)

Where,

𝑖 = time

𝑌𝑖  = dependent variables

𝑋𝑖 
𝑐 = independent variable

𝛽𝑖  = estimated coefficient

u = residuals

However, in the case of the existence of structural breaks, the assumption should be 

made that there may be more breaks in the period. Thus, the model should adopt the 

following structure.

𝑌𝑌# = 𝑋𝑋#$𝛽𝛽# + 𝑢𝑢#.𝑖𝑖 = 𝑖𝑖%&' + 1,… , 𝑖𝑖%𝑗𝑗 = 1,… ,𝑚𝑚 + 11          (2)

Where,

j = is the segment index

𝐼𝑚,𝑛 = {𝑖 1,…,𝑖 𝑚} = set of breaks

So, the OLS-CUSUM fluctuation test uses the cumulative and moving sum of the resid-

uals from Ordinary Least Square (OLS) estimation, û = 𝑌𝑌# − 𝑋𝑋#$𝛽𝛽(7  (Shikida et al. 2016). 

Therefore, 

𝑒𝑒𝑒𝑒𝑒𝑒(𝑠𝑠) =
1

𝜎𝜎=√𝑛𝑛
?û#

)*

+,'

, 0 ≤ 𝑠𝑠 ≤ 1          (3)
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Thus, the test is made considering under the null hypothesis that the accumulated sum 

of the residuals follows the Brownian pattern and, therefore, the violation of this behav-

iour would lead to the rejection of the null hypothesis of no structural break. In this 

paper, such procedure was carried out for the series of the quantity of formal jobs per 

hectare for each of the two researched areas. As mentioned by Shikida et al. (2016), the 

regression of the series was estimated against a constant. In this way, the model does 

not incorporate any other explanation variable. The aim is only to analyse the behaviour 

of the explained variable (formal worker per hectare) during the time. Although the test 

allows for statistical analysis, it is the graphic visualization of the empirical fluctuation of 

the process (efp) that let not only the evaluation of structural breaks observed, but also 

to have an insight of which period(s) this fact(s) occurred.

Cusum test in Açú-Mossoró area

The Cusum test reveals that the series exceeded the critical values at a significance level 

of 5 % during the first half of the decade of the 2000s in the Açú-Mossoró Area. Also, 

around 2014, the values touched the critical limit. In this way, from Figure 5 of the test 

presented below there are evidences of breaks along the series.

Figure 5: Cusum Test in the Açú-Mossoró Area
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Cusum test in Petrolina-Juazeiro area

About the Petrolina-Juazeiro area the estimation presented a significant p-value only at 

10 % level and reached close to the critical value at the turn of the 1990s to 2000. Thus, 

the result indicates a possibility of structural break in the series.

Figure 6: Cusum Test in the Petrolina-Juazeiro Area
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Structural break test II: SUP-Wald test

Besides the Ols-Cusum fluctuation tests, the SUP-Wald test, based on F statistic was also 

performed. The test uses the residuals estimated by OLS from segments and compares 

them with the residuals estimated without segmentation as follows.

𝐹𝐹# =	
û$û − û(𝑖𝑖)$û(𝑖𝑖)

û(#)!û(#)
)&01

 
         

(4)

Where,

𝑖 = indicates the residuals of the segmented estimation.

û = indicates the residuals of the non-segmented estimation.

The F statistic was computed and analysed from the supremum function (SUP-Wald 

test). It was analysed to see if the results obtained exceed the critical values (Shikida, 

et al., 2016).
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SUP-Wald test in Açú-Mossoró area

The Sup-Wald test supports the evidence of breakdown showed in the Cusum test in the 

Açú-Mossoró area, as can be seen in the graphical analysis of Figure 7. The curve crosses 

the critical line indicating changes in the overall average of the series 

Figure 7: Sup-Wald in the Açú-Mossoró Area.
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SUP-Wald test in Açú-Mossoró area

The Sup-Wald test applied for the Petrolina-Juazeiro Area is more conclusive than the 

OLS-Cusum test and indicates, as Figure 8 shows, that there must be some structural 

break for the series.

Figure 8: Sup-Wald in the Petrolina-Juazeiro Area.
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Structural break test III: Bai-Perron test

Finally, it was analysed in the time series the period(s) that occurred the possible(s) 

structural break(s). For this, the Bai-Perron endogenous break test was used. As Shikida 

et al. (2016) point out, the test employs a dynamic algorithm based on Bellman’s optimi-

zation principle to find the breaks that minimize the Residual Sum of Squares (RSS) in 

a segmented model. However, a minimum segment size must be determined, which is 

the “h” parameter that the literature points to as a value between 0.1 and 0.15. Then it is 

possible to compute the number of breaks and the periods in which they occur (Kleiber 

and Zeileis, 2008). The test is performed by incorporating a segment split (𝑖 1,…,𝑖 𝑚) in 

equation 2. Therefore, it is estimated by OLS with the smallest RSS value obtained 

through the following equation. 

𝑅𝑅𝑅𝑅𝑅𝑅(𝑖𝑖', … , 𝑖𝑖2) = ? 𝑅𝑅𝑅𝑅𝑅𝑅.𝑖𝑖%&' + 1, 𝑖𝑖%1
23'

%,'

          (5)

Where RSS (𝑖 j–1 + 1, 𝑖 j) represents the RSSj-th segment. From that to estimate the dates 

of the breaks we determine the points that minimize the following function.

(î1,…,î𝑚𝑚)=𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑖𝑖1,…,𝑖𝑖𝑚𝑚)RSS(𝑎𝑎1,…,	𝑎𝑎𝑚𝑚)	       (6)

Considering all segments (𝑖 1,…,𝑖 𝑚) with 𝑖𝑖𝑗𝑗−𝑖𝑖𝑗𝑗−1≥𝑛𝑛ℎ≥𝑘𝑘 .

Thus, acknowledging the presence of structural breaks in the series of formal employ-

ment in the two regions, this paper also sought to infer in which periods these changes 

occurred. This was determined by how many breaks occurred along the series, using the 

Bayesian Information Criteria (BIC) selection criterion, as suggested by Bai and Perron 

(2003), adopting the segment cut-off as h=0.1, as also indicated in the literature on the 

method (Shikida et al, 2016).
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Bai-Perron test for Açú-Mossoró area

Analysing the results of the calculation of the BIC statistic came to light that the Açú- 

Mossoró area presented three structural breaks in the series, as shown in Figure 9.

Figure 9: Minimization of the RSS and the BIC selection criterion in the Açú-Mossoró Area
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Hence, knowing the quantity of segments in the series it is possible to determine the dates 

when the average of the series changes producing structural alterations in the quantity 

of formal workers per hectare in the Açú-Mossoró area. Figure 10 highlights the optimal 

segments and the dates of the breaks in the series which are: 1998, 2003 and 2015.

Figure 10: Formal employment per hectare in the Açú-Mossoró area with breakpoints
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Bai-Perron test for Petrolina-Juazeiro area

Running the BIC selection criterion for the series of formal workers in permanent crops in 

the Petrolina-Juazeiro Area, the statistics pointed to only one structural break, as can be 

seen in Figure 11, with the BIC statistics curve reaching the lowest value with 1 breakpoint.

Figure 11: Minimization of the RSS and the BIC selection criterion in the Petrolina-Juazeiro Area
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So, knowing the quantity of structural breaks and applying the Bai and Perron test it was 

possible to achieve that the break date is in 1998 and thus produces two segments in the 

Petrolina-Juazeiro area series, as can be seen in Figure 12.

Figure 12: Formal employment per hectare in the Petrolina-Juazeiro Area with breakpoints

em
p

re
g

o
_t

o
ta

l_
h

a

2000 2005 2010 2015

4

3

2

5

6

7

Time



ICDD | Social Upgrading in Global Agricultural Value Chains: What impacts labour relations in fruit production in the Brazilian Northeast?

25

Analysis of the results 

So after doing the tests, it was possible to identify the exact period(s) during which the 

change(s) occurred in the demand for workers per hectare. 

Table 1 groups the periods derived from the structural breaks in the series of formal 

workers per hectare in the researched areas, showing the change in the intercept in each 

respective break.

Table 1: Periods determined by the Bai-Perron method and their respective intercepts 

in theAçú-Mossoró and Petrolina-JuazeiroAreas

POLO PERIOD INTERCEPT

Açú-Mossoró

1996–1998 0.05322647

1999–2003 0.70115783

2004–2015 1.11221306

2016–2019 2.02705976

Petrolina-Juazeiro
1996–1998 5.009129

1999–2019 2.330310

One intriguing aspect that arose while analysing the evolution of the time series for 

demand of workers per hectare in the researched areas is that despite being in similar 

agrifood value chains they showed different trends over the last decades. While the 

Petrolina-Juazeiro Area presented a decrease in the number of workers per hectare 

from 1999 onwards, the Açú-Mossoró Area had three structural changes, and all of these 

increasing the quantity for formal workers per hectare. This fact calls our attention to the 

intrinsic aspects of each area, such as the kind of crop, spatial distribution, and features 

of the farms. In this sense, the Açú-Mossoró area concentrates on the production in one 

temporary crop (melon), on the other hand, the Petrolina-Juazeiro area produces mango 

and grape as its main crops, and both are permanent crops. This distinction in terms of 

kind of crop could impact the demand for workers, once temporary crops involve some 

recurrent tasks that the permanent crop does not, such as plantation. Furthermore, it is 

important to note that a striking difference between these areas that can affect the labour 

market is the land concentration once this can determine the capital-labour relation, in a 

way that bigger players may intensify in the adoption of capital rather than labour. Table 

2 is taken from the field research of Penha (2018) who conducted questionnaires with 

producers in the regions analysed in this paper in 2014.
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Table 2: Farm Size in the producing areas of Açú-Mossoró and Petrolina-Juazeiro

MEASURES PETROLINA-JUAZEIROPOLE AÇÚ-MOSSORÓPOLE

Quantity of Farms 3.376 44

Average 26,37 (ha) 2,690.37 (ha)

Median 8 (ha) 470 (ha)

Minimum Size 1.5 (ha) 0.5 (ha)

Maximum Size 600 (ha) 22,000 (ha)

Standard Deviation 73,00 6.217,22

Coefficient of Variation 2,77 2,31

Ginicoefficient 0,70 0,79

Source: Adapted from Penha (2018).

As can be seen from the data summarized in the table there is a big difference in terms of 

land tenure structure between the two researched areas. The Petrolina-Juazeiro area has 

more farms, as well as the land tenure is less concentrate, resulting in a greater amount 

of small and medium farmers. In the case of the Açú-Mossoró area has proportionally 

more large farmers, comparing with Petrolina-Juazeiro area.

However, it is interesting to note that despite these differences that may have led to 

different movements in the demand for formal workers per hectare in the two researched 

areas, there is a common date of break in the series which is 1998. In both series, this 

date was a landmark of change in the pattern, even though it produced different routes, 

an increase in demand in the Açú-Mossoró Area and a decline in the case of the Petro-

lina-Juazeiro Area.

Nevertheless, pondering the results obtained until now in terms of the formal labour 

market in the two areas researched, it is important always to keep in mind that there is 

relevant quantity of people engaged in rural activities outside of formal work regulations. 

The forms of not formal workers have many angles which comprise family farmers, as 

also includes people who work in the farms of relatives, but also involves a series of work 

relations without kinship ties with the landowner under a less protective position. None-

theless, the data about wider work relations can only be obtained from the agricultural 

census which is only carried out in each 10 years which create some difficulties to time 

series econometric analysis. But the census data can be used to face the estimations 

obtained in the formal workers time series regression and support some achievements. 

Table 3 compares the total people under some work relations and the ones under formal 

contracts.
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Table 3: Workers in the Agriculture (1995, 2006 and 2017)

YEAR REGION FORMAL  
WORKERS

TOTAL QUANTITY 
OF WORKERS

PROPORTION OF 
 FORMAL EMPLOYMENT

1995 Açú-Mossoró 9,276 27,163 34%

Rio GrandedoNorte* 3,145 187,59 1.7%

Petrolina-Juazeiro 10,946 90,928 12%

Bahia and Pernambuco** 96,150 2,585,001 3.7%

2006 Açú-Mossoró 8,669 24,582 35%

Rio GrandedoNorte* 9,129 191,353 4.8%

Petrolina-Juazeiro 24,034 276,787 8.7%

Bahia and Pernambuco** 116,82 4,850,594 2.4%

2017 Açú-Mossoró 7,147 18,218 39%

RioGrandedoNorte* 7,603 156,463 4.9%

Polo Petrolina-Juazeiro 28,836 136,142 21%

Bahia and Pernambuco** 117,04 2,537,091 4.6%

*The data for Rio Grande do Norte excludes data from municipalities that integrates the Açú-Mossoró Area.
**The data from Bahia and Pernambuco excludes data from municipalities that integrates 
 Petrolina-Juazeiro Area.

Analysing the data in the table is relevant highlighting three aspects. First, the areas have 

always had a larger quantity of formal rural workers than the average of their states. 

Second, there was a generalized increase in the percentage of formal workers when 

comparing 2017 with 1995 which entails a possibility of wide transition beyond of the 

global chains, such as the enforcement of the labour legislation in all Brazilian territory. 

Third, it is possible to perceive a reduction in the number of both formal and occupied 

workers over the years in the Açú-Mossoró Area. In turn, this process is not so evident 

in the Petrolina-Juazeiro Area, since there is an increase in the number of formal workers 

insofar as the occupied workers oscillated, presenting an increase in 2006 compared to 

1995, but presented a reduction in 2017. Thus, the dynamics of the labour market of the 

regions has particularities of the type of product, as well as socioeconomic factors that 

have an impact on the labour market.
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5   Conclusion 

This paper intended to analyse the impact on social upgrading by the insertion of the 

areas of Petrolina-Juazeiro and Açú-Mossoró in the fruit agrifood value chains. These two 

regions became important players in international trade and consolidated themselves 

in the middle of important changes in the institutional environment, as pointed out by 

the literature presented in previous sections. 

Adopting the theoretical background of the decent work deficit to measure the social 

upgrading in value chains, this paper analysed the hypothesis presented by Mehdi et al. 

(2021) that the improvement in working conditions in the two areas here investigated has 

been possible due to the enforcement of the labour legislation together with certifications 

demanding a better work environment, and the larger presence of the trade unions. 

Applying the methodological approach of structural breaks analysis for time series it 

was found that indeed there is relevant evidence that during the period (1996-2019) some 

transformations happened in the two regions which changed the trend of the demand 

for the formal workers in the fruit production.

Also, using the Bai and Perron test, the exact point of the breaks in the series was com-

puted. The Petrolina-Juazeiro area presented one structural change in the year of 1998. 

On other hand, the Açú-Mossoró area had three structural breaks. Also, it is important 

to highlight the opposite trends, once the demand for worker per hectare in Petroli-

na-Juazeiro area decreases. Otherwise, the Açú-Mossoró area showed an increase in 

the quantity of workers per hectare. This result implies two important points of analysis. 

First, besides different quantities of breaks in the two series analysed, the specific year 

of 1998 is a common point of a break for both regions, which could be related to some 

generalized fact that impacted the region regardless of the direction of the change. 

Second, despite these two regions being under a similar value chain, probably some 

intrinsic aspects of the crops and also the features of the farms have effects on the 

demand for formal workers.
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This paper attempted to affirm that there is some evidence to show that the insertion 

in the global value chains impacted the trend of formal workers in the respective areas, 

since the percentage of formal workers in the areas is higher than in other places in the 

same region; also, in contrast with the census data it is evident that the percentage of 

formal workers generally have increased. Therefore, considering the information of a 

common break point that indicates a general process, which affected the two regions, 

and the increase of formal workers though in a less intensity than the fruit-producing 

areas analysed here, it is possible to support the hypothesis by Mehdi et al. (2021) that 

the confluence of factors had impacted the performance of the formal labour market 

in the Brazilian Northeast. However, further work needs to be undertaken considering 

comparisons with different countries that had different labour legislations and deeper 

studies are necessary to evaluate the precise aspects that influenced the structural breaks 

in the series. Finally, it is important to consider the limitation of this work as it analysed 

the formal labour market with the long time series due to inexistent database, which did 

not encompass formal workers. So other methodologies need to be developed to reach 

this side of the labour market in the regions.
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