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Abstract 

The use of ROA (Return on Assets) as a profitability indicator is widespread in financial literature; however, there is no 
agreement on the economic result to be used as a basis for calculation. In the agricultural sector, where financing and 
land costs are high, the problem takes on great relevance to interpret the economic reality of the farm companies. The 
study has two objectives: a) to discuss the relevance of using operating ROA —based on economic results without de-
ducting financial and land leasing costs— and financial ROA —which does deduct them— in measuring the evolution of 
agricultural business profitability; and b) to verify if there are groups of companies that regardless of how their profitability 
is measured present clear similarities in their evolution. The theoretical framework supporting the use of these indicators 
is analyzed first, attempting to discern which aspects of profitability they attempt to measure. Then, the results of both 
indicators are compared in a dynamic analysis using longitudinal cluster methodology on a database composed of the 
Financial Statements of 713 Uruguayan agricultural companies in the 2010-2017 period. It is concluded, first of all, that 
there are no relevant differences in the way firms' profitability evolves, whether measured by operating or financial ROA. 
Secondly, the evidence shows that most firms can be classified into three groups where internal profitability has evolved 
similarly, regardless of how it is measured, two of them with notable differences in the rate of profitability and some differ-
ences in the speed of change of that rate. 

Keywords: longitudinal clusters, agricultural companies, profitability (ROA) 

 

Resumen 

El uso del ROA (Retorno sobre Activos) como indicador de rentabilidad está generalizado en la literatura financiera, sin 
embargo, no hay acuerdo en el resultado económico a tomar como base de cálculo. En el ámbito agropecuario, donde el 
financiamiento y el costo de la tierra son elevados, el problema asume alta relevancia para interpretar la realidad econó-
mica de las empresas. El trabajo tiene dos objetivos: a) discutir la pertinencia del uso del ROA operativo —basado en el 
resultado económico sin deducir los costos financieros y de arrendamiento de la tierra— y el ROA financiero —que sí los 
deduce— en la medición de la evolución de la rentabilidad empresarial agropecuaria, y b) verificar si existen grupos de 
empresas que, independientemente de la forma de medir su rentabilidad, presenten similitudes claras en su evolución. 
Se comienza analizando el marco teórico que respalda el uso de estos indicadores tratando de discernir qué aspectos de 
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la rentabilidad intentan medir. A continuación, se comparan los resultados de uno y otro indicador en un análisis dinámico 
utilizando la metodología de clústeres longitudinales sobre una base de datos compuesta por los estados contables de 
713 empresas agropecuarias uruguayas en el período 2010-2017. Se concluye, en primer lugar, que no hay diferencias 
relevantes en la forma como evoluciona la rentabilidad de las firmas, ya sea medida por el ROA operativo o financiero. 
Luego, la evidencia muestra que la mayoría de las firmas se pueden clasificar en tres grupos donde a la interna la renta-
bilidad ha evolucionado en forma similar, cualquiera sea la forma de medirla, dos de ellos con notoria diferencia en la tasa 
de rentabilidad y algunas diferencias en la velocidad de cambio de dicha tasa. 

Palabras clave: clústeres longitudinales, empresas agropecuarias, rentabilidad (ROA) 

 

Resumo 

O uso do ROA (Retorno sobre Ativos) como indicador de rentabilidade é amplamente utilizado na literatura financeira, no 
entanto, não há acordo sobre o resultado econômico a ser usado como base de cálculo. No setor agropecuário, onde o 
financiamento e o custo da terra são elevados, o problema assume alta relevância para interpretar a realidade econômica 
das empresas. O trabalho tem dois objetivos: a) discutir a pertinência do uso do ROA operacional - baseado no resultado 
econômico sem deduzir os custos financeiros e de arrendamento da terra - e do ROA financeiro - que os deduz - na 
medição da evolução da rentabilidade empresarial agropecuária, e b) verificar se existem grupos de empresas que, inde-
pendentemente da forma de medir sua rentabilidade, apresentem similaridades claras em sua evolução. Começa-se ana-
lisando o quadro teórico que respalda o uso desses indicadores, tentando discernir quais aspectos da rentabilidade se 
pretende medir. Em seguida, são comparados os resultados de um e outro indicador em uma análise dinâmica utilizando 
a metodologia de clusters longitudinais em uma base de dados composta pelos estados contábeis de 713 empresas 
agropecuárias uruguaias no período de 2010 a 2017. Conclui-se, em primeiro lugar, que não há diferenças relevante na 
forma como a rentabilidade das empresas evolui, seja medida pelo ROA operacional ou financeiro. Em seguida, a evi-
dência mostra que a maioria das empresas pode ser classificada em três grupos, onde internamente a rentabilidade 
evoluiu de forma semelhante, independentemente da forma como foi medida, dois deles com uma notável diferença na 
taxa de rentabilidade e algumas diferenças na velocidade de mudança dessa taxa. 

Palavras-chave: clusters longitudinais, empresas agropecuárias, rentabilidade (ROA) 

 

1. Introduction 

In the conceptual framework of the theory of the firm 
and the theory of agricultural economy, a series of 
variables representative of profitability and others 
acting as its determinants are proposed(1). In this 
framework, the analysis of corporate profitability 
based on accounting data is a consolidated re-
search line. Many studies point to the relationship 
between size and profitability, business failure, or 
the impact of balance sheet results on the value of 
shares, generally targeting the industrial or service 
sector, but there are relatively few studies focusing 
on the agricultural sector. 

The literature collects various ways of measuring 
and explaining the profitability contained in certain 
tensions that are not entirely resolved. One of these 
cases is the alternative use of ROAI and ROEII, two 
well-known indicators, apparently not contradictory, 
but scarcely questioned in their descriptive poten-
tial. The ROA is obtained by dividing the Economic 
Result (Revenue minus Costs) by the Total Assets 
(set of the company’s assets and rights) and 
measures the profit-generating power of the 

 
IROA, “Return on Assets”. 

invested asset. On the other hand, the ROE divides 
the Economic Result (net of costs for the use of ex-
ternal capital) by the Net Equity (Assets minus Lia-
bilities), aiming to measure the profit-generating 
power of equity or shareholding. Both indicators re-
sult in an annual rate. The calculation of the eco-
nomic result of the firm adds to this problem. In-
deed, there is no agreement in the literature on how 
to measure the absolute result that constitutes the 
numerator and the basis for calculating the two 
mentioned ratios. Some studies are inclined by the 
final net result, while others by an intermediate re-
sult —called "operating"— without taxes, deprecia-
tion, rent and interest. As an example, if a firm 
makes a profit (Revenue minus Costs Considered) 
of USD 100,000 with land, animals and other assets 
of USD 1,000,000, the ROA will be 10% per year. 

On the other hand, the longitudinal cluster method-
ology has already been used(2) to describe the evo-
lution of the corporate results of a group of agricul-
tural companies in Uruguay for the period 2009-
2017, but the results were not compared with differ-
ent ways of measuring profitability. 

IIROE, "Return on Equity". 
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This study is motivated, then, by three aspects: 

• Contributing to knowledge about the ways of 
measuring companies’ profitability: using the oper-
ating result or the net financial result, minus the 
costs for leasing, depreciation, interest and taxes. 

• Comparing the results of the longitudinal cluster 
study using different models for calculating ROA. 

• Contributing to the knowledge of the economic 
performance of companies in the agricultural sector 
and its evolutionary dynamics in recent years. 

 

2. Theoretical framework and background 

2.1 Indicators of corporate profitability 

The field of financial indicators is within the frame-
work of the theory of the firm, which tries to explain 
and predict business behavior. Depending on the 
emphasis on each explanatory factor, several de-
rived theories emerged: economic, behavioral, con-
tractual and others, each group supported by its em-
pirical evidence. All these theories are taken into ac-
count to determine the explanatory variables fre-
quently used in business performance research(3-4). 

Within the firm theories, and particularly the tradi-
tional neoclassical economic theory, profitability is 
one of the most analyzed elements. The approach 
and variables considered as determinants will de-
pend on the type of theory on which they are based. 
For example, economic theory will focus on profita-
bility represented by indicators such as ROA or 
ROE(1)(3)(5-8). 

In other cases, in parallel with profitability, the level 
of indebtedness is also analyzed. The company’s 
behavior towards the form of financing with third-
party funds is explained by the agency's theory, in 
which tensions between managers and owners can 
generate cost overruns due to debts, impairments in 
the reinvestment of profits, loss of business oppor-
tunities and other problems that attack profitability in 
the medium and long term(9). 

When profitability is focused on innovation, potential 
of human resources or capital, theories called Re-
sourced Based View are referenced. This purely 
qualitative approach(10-11) affirms that competitive 
advantages and better performance result from the 
combination of resources and capabilities available 
to the company, for example, quantity and quality of 
its employees(6)(12).  

Instead, economic theories focus on the monetary 
values of certain equity items such as assets or 

debts, or in other cases, on the monetary values of 
sales revenue or cost structures.  

In terms of indicators, to work with data from the an-
nual financial statements, the Dupont system is 
widely used, where the ratios Return On Assets 
(ROA) and Return On Equity (ROE) are calculated 
for each company. To standardize the results and 
make them comparable, it is common to previously 
use EBITDA (Earnings Before Interest Taxes De-
preciation and Amortization) as a measure of the re-
sult in monetary units, instead of the final re-
sult(1314). 

The use of EBITDA aims to work with the operating 
result of the company, without considering its tax sit-
uation —clearly dependent on the country of resi-
dence— nor the form of financing, often also de-
pendent on the country and the vertical integration 
of the meso-economic chains in which the company 
is located. On several occasions, companies are 
part of economic groups that cover the primary, sec-
ondary and financial sectors. This study finds its 
core problem precisely on this point or tension. The 
literature presents an ambiguous treatment regard-
ing this dichotomy and it is difficult to find back-
grounds that pose the problem as a dilemma. 

Methodologically, profitability is the most widely 
used indicator to measure business performance. 
Moreover, studies based on accounting results or 
cost structure are scarce. Limitations in the use of 
accounting bases, usually highlighted by the litera-
ture, are: the impact of the accounting practices of 
the company on the variables, the different interna-
tional accounting standards and the risk of manipu-
lation that owners can perform in the accounting 
data. In the case of this study, given Uruguayan le-
gal regulations, the database is composed of au-
dited Financial Statements and supported by an af-
fidavit by the owners, which provides a certainty 
framework(15-16). 

Several similar studies have been carried out in 
many countries, but, in general, they deal with the 
industrial and commercial sectors. In any case, they 
constitute a starting point as long as they identify 
variables with an impact on profitability, such as in-
debtedness, number of employees, size of assets 
or level of activity, which will be used in this 
case(1722). 

The best-known explanatory variables are the size 
given by the assets, the revenue or the number of 
employees. The debt-to-investment ratio, age of the 
firm, inventory levels, ratio of fixed assets to total 
assets and capital turnover are also analyzed. But 
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there is no paradigm on the impact of these factors 
on the profitability of the company. The ROA is the 
dependent variable most used to measure profita-
bility and, therefore, the variable that will be consid-
ered as the central axis of this discussion, but that 
does not imply that there is agreement on the causal 
relationships with the independent variables. It is 
also considered that it involves and combines vari-
ous aspects of the company's economy, such as as-
sets, revenues, costs and results(1)(23-27).  

Therefore, the ways of measuring the absolute eco-
nomic result and also the relative result are very di-
verse in the literature. Sometimes the Net Result, 
derived from the Result Statement, is used; in oth-
ers, the EBITDA, and in others certain intermediate 
results. In terms of relative profitability, the ROA is 
mostly used, but in other circumstances, the ROE is 
used. 

2.2 Conceptual framework for measuring profit-
ability 

Taking into account this background, this study will 
consider the following definitions: 

• Operating ROA 1: profit before taxesIII, interest 
and leases relative to total assets. Hereinafter, ROA 1. 

• Operating ROA 2: profit before taxes and inter-
est relative to total assets. Hereinafter, ROA 2. 

• Financial ROA: profit before taxes relative to to-
tal assets. Hereinafter, ROA 3. 

The value of the total of Assets (common denomi-
nator in the calculation of the three analyzed profit-
ability ratios) is taken from the balance sheet pre-
sented in the declaration for the payment of taxes 
on Income on Economic Activities and Net Worth, 
form 1006 (version 3)(28), which constitutes the da-
tabase used in this paper.  

Variables are constructed in this way:  

- ROA 1: Profit Before Taxes, Interest and Leases: 
Income minus Total Costs (not including payments 
for the use of external capital, interest on credits and 
leases) relative to the total Assets of the Statement 
of Equity of each company. For the economic ap-
proach of the agricultural literature, under conditions 
of complete information, the value of the leased as-
sets should be added to the total assets of the bal-
ance sheet, since this approach evaluates the prof-
itability of the resources used, regardless of their 
ownership. As such information is not available, 

 
IIIBoth the payment of IMEBA (code 311, page 4, Item 5 Tax Settle-
ment, IRAE) and the payment of VAT (code 343, page 4, Item 5 Tax 
Settlement, IRAE) are considered advances to be deducted from the 
final payment of the IRAE(28). 

ROA 1 overstates —in this perspective— the meas-
ure of economic profitability. For the accounting ap-
proach, this is equivalent to considering as its own 
assets land that is not owned by the company; a 
contradiction to the definition of assets.  

- ROA 2: Income Before Taxes and Interest: Income 
minus Total Costs (payments for the use of leased 
assets are included, interest payments are not in-
cluded) relative to total Assets. Given the infor-
mation available, this way of estimating economic 
profitability can be considered balanced. 

- ROA 3: Profit Before Tax: Income minus Total 
Costs (including all costs but Income Tax on Eco-
nomic Activities and Net Worth) relative to total As-
sets in the Statement of Position. This way of meas-
uring profitability focuses on the surplus appropri-
ated by the business owner and, secondly, by the 
State, in taxes. 

In all cases, the Income is made up of the genuine 
income from sales, plus —in the case of livestock 
companies— the Gross Agricultural Product, which 
is obtained, for each unit of analysis, directly as 
base data, since it is declared by each taxpayer. 

Conceptually, the financial ROA (ROA 3) represents 
the final economic wealth appropriated by the pro-
ducer, either in the form of cash or goods (assets), 
or reduction of their liabilities. In the case of compa-
nies that do not own the land, but lease it, as has 
happened with Argentine firms in Uruguay, the ROA 
may be higher than that of a land-owner company, 
since it is calculated exclusively based on movable 
assets (animals, seeds, working capital). That does 
not necessarily mean that the result is inaccurate, 
since it is the economic reality: they are more finan-
cially profitable since their fixed investment is lower. 
The exception would be a very high lease due to 
high land demand(29). 

ROA 1 (operating) focuses on a more primitive, pri-
mary or operating profitability. It measures the result 
of agricultural operations. It is not an inadequate in-
dicator in itself, but it is partial. The problem arises 
when, by not considering leasing, the ROA of the 
firms that lease is distorted, as in the case of the 
mentioned Argentine investments. 

ROA 2 (operating) is an intermediate state between 
operating ROA 1 and financial ROA. Lease costs 
have been included, but the interest payment 
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associated with the use of external capital remains 
in the surplus. 

These operating (1 and 2) and financial ROA meas-
urements are complementary if analyzed together, 
they can indicate where the firm's weaknesses and 
strengths are. A company can be profitable from an 
operating point of view (positive operating ROA), 
but with a financial situation that makes its final re-
sult negative; for example, evaluated through ROE. 
The interpretation of such a situation is very deli-
cate. It is not possible to affirm that the company is 
operationally profitable without considering that its 
operating profitability is perhaps too low to with-
stand the financial constraints. 

As for the ROA or the ROE option, if the intention is 
to link size with profitability, ROA is an ideal indica-
tor —or more consistent—, since it is determined 
according to the asset, which is one of the most re-
liable indicators of size. Note that the asset includes 
cash, rights, goods, equipment and facilities,but 
also intangible assets, such as brand equity. On the 
other hand, ROE presents a more complex view, 
which is not always easy to interpret. This index is 
measured based on wealth. If a firm is very large, 
but simultaneously presents a high level of indebt-
edness, its equity will be small and will not represent 
its economic relevance, therefore not being a good 
indicator of size. Business profitability understood 
as the profitability of the company as a whole must 
be measured in regard to its assets and not on eq-
uity. ROE is designed to assess shareholder profita-
bility —which is ultimately an external investor—, but 
it is not an indicator to analyze business performance 
in isolation. In general, its use is widespread in coun-
tries with developed and long-standing stock ex-
changes, a case that does not correspond to Uru-
guay, where these forms of financing are still incipi-
ent. 

As for the calculation basis for the indicators in gen-
eral terms, EBITDA or the net result can be used. 
EBITDA belongs to the group of indicators called fi-
nancial. It is considered a good indicator of operat-
ing efficiency, but also incomplete, since it does not 
measure the ability to obtain good sources of financ-
ing and good tax structures, elements that affect the 
competitiveness of the company(1). 

EBITDA could be used to compare companies and 
visualize their problem areas (commercial, opera-
tional, logistics), at least comparatively, or the ad-
vantages with respect to other companies in their 
sector, but it should not be used to measure and ex-
plain economic performance. Its use spread in the 
United States in the 1990s among financial analysts 

because there was a need to show positive results 
in companies that were growing based on debt, 
since it was an intense period in terms of mergers 
and acquisitions. It is considered a highly pernicious 
indicator and its use is correlated with deviations in 
accounting standards(30). 

According to Bejar-León and Jijón-Gordillo(31), 
EBITDA is an inadvisable ratio, since it ignores the 
cost of depreciation and was used to show partial 
results; so it is a ratio criticized not only for its bias 
but for the opportunism of its practical implications. 

In summary, the use of ROA based on business re-
sult is postulated, instead of ROE, due to its con-
sistency with the measure of business size, given 
by assets. It is suggested to compare the results of 
the study of 713 Uruguayan agricultural companies 
according to their size and profitability, measured by 
the operating ROA and the financial ROA, in order 
to obtain a conclusion based on empirical evidence. 
In this way, it is expected to observe whether there 
are noticeable differences in the evolution of profit-
ability measured by one or the other indicator. 

 

3. Methodology 

The longitudinal cluster method was used for the 
purpose of discussing the relevance of the operat-
ing ROA and the financial ROA in measuring the 
evolution of the profitability of agricultural compa-
nies and finding a group structure of companies that 
may reflect common characteristics in terms of dy-
namics during the period, i. e. between companies 
in the same cluster/group. 

It is a multivariate descriptive statistics tool that is 
framed within machine learning techniques as an 
unsupervised classification method(32) to explore 
groups within a dataset. In most studies, the 
groups/clusters/conglomerates are estimated, max-
imizing the similarity within the groups and minimiz-
ing the similarity between the groups, as will be 
done in the present study. However, no agreed cri-
terion determines which grouping is best. While 
there are different criteria based on cut-off thresh-
olds for certain test statisticians that guide the 
choice, the study purpose must also be taken into 
account; in this way, the optimal statistical partition 
may not coincide with the chosen one. This happens 
when the optimal is not the best from the point of 
view of the problem posed, which in this case is the 
ability to differentiate groups of companies with sim-
ilar ROA trajectories. 
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Non-parametric stop criteria that consider the de-
composition of the intra- and intergroup variance 
and that guide the choice of the cluster number (k), 
where n is the number of observations/firms: 

 

Figure 1. Evaluation criteria for partitions in number of 
clusters 

 

This methodology was carried out with the software 
R(33), through the kml3d(34) library, which consists of 
an implementation of the k-means method, specifi-
cally designed to group joint trajectories (longitudi-
nal data in several variable trajectories). The K-
means clustering method is a non-hierarchical 
method for grouping objects, partitioning the dataset 
into K clusters/groups that are disjoint, and together 
they represent all observations, meaning that no ob-
servation can belong to more than one cluster. 

In this particular study, since data are longitudinal 
(observations recorded of the same individuals, in 
this case companies, over time), for the cluster-
ing/grouping of the companies a variant of the k-
means clustering technique called KML is used, de-
veloped by Genolini and Falissard(35) and Genolini 
and others(36). K-means is an algorithm that belongs 
to the EM class, i. e. expectation-maximization(37). 
These algorithms (EM) work as follows: to begin, 
each observation is assigned to a group; then, the 
optimal grouping is reached by alternating two 
phases: in the expectation phase, the centers of the 
different groups (known as seeds) are calculated, 
and in the maximization phase each observation is 
assigned to its "closest group". This algorithm is re-
peated iteratively alternating the two phases until 
there are no more changes in the groups, i. e. the 
algorithm converges(36). 

In order to compare the different trajectories of the 
evolution of profitability —understanding by trajec-
tory the different values that this indicator takes over 

the 8-year analysis for each company—, it is de-
cided to estimate the clusters using the three differ-
ent ways of measuring the ROA indicated above 
and observe the results, therefore: 

i.  clusters are determined only according to the 
evolution of ROA 1 of each company; 

ii.  then, depending on the ROA 2 variable; 

iii.  finally, considering the ROA 3. 

However, despite being three different estimates, 
there is a small set of companies that are always 
notoriously separated from the rest by the ROA out-
liers, not managing to obtain a balanced and profit-
able partition, and losing quality in the characteriza-
tion of the core of companies. In an attempt to solve 
this problem, the ROA range of the analysis compa-
nies was limited between -100 and 100%. Compa-
nies that do not meet this condition are studied sep-
arately, using another methodological approach. 

Measuring profitability through the ROE indicator 
(income minus Total Costs —before income tax—
relative to equity —total assets of the situation state-
ment minus liabilities—) focuses on the surplus ap-
propriated by the business owner and, secondly, the 
State, as taxes, regarding the personal capital in-
vested. It is an indicator that firms with a high level 
of indebtedness and positive profitability will result 
in very high values, which should be interpreted with 
caution. This is why the ROE was discarded as a 
way of measuring the profitability of companies. 
Moreover, it was not possible to obtain a balanced 
and fruitful partition based on this ratio; practically 
all companies were located in the same clus-
ter/group, reflecting that the algorithm fails to differ-
entiate companies based on this ratio and, there-
fore, it was not possible to perform the proposed 
conglomeration analysis. 

It should be noted that some cases were found with-
out available data to determine the ROA (for exam-
ple, without data on Assets or Income) in some of 
the years of analysis, or the variable Productive 
Specialization when studying the companies. Both 
cases correspond to firms that are, therefore, not 
considered when making the clusters and no out-
standing pattern or characteristic was found. That 
is, by excluding them, no data is lost from any agri-
cultural subsector or group of companies in particu-
lar. Their aggregate characteristics match the ag-
gregate characteristics of companies with complete 
data. 

The data of the used companies were provided by 
the tax authority under a confidentiality clause, so 
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they are not publicly available or part of an interin-
stitutional agreement. 

 

4. Results 

4.1 Choosing the number of clusters 

From the analysis of the aforementioned stop crite-
ria, the decision was to study three clusters or 
groups of companies. The graph of the index of the 
first stop index (Calinski and Harabatz’s) for the es-
timation of the clusters with definition 1 of the ROA 
is presented below to support the decision. It can be 
seen that the best partition is two groups since it 
reaches the highest value of the index in the 10 iter-
ations performed by the algorithm (the clusters are 
estimated 10 times in order to observe the stability 
of the results). Moreover, using three clusters is the 
second-best option and, given the problem in ques-
tion —to analyze the trajectories of the companies 
based on the profitability measured by the ROA—, 
it is considered more appropriate to increase the 
number of groups and work with K=3. Something 
similar was observed when estimating the groups 
with definitions 2 and 3, so it is reasonable to work 
with three clusters. It is worth clarifying that the 
value of the index is not interpreted, but used for 
comparative purposes. 

 

Graph 1. Calinsky and Harabatz index in 10 iterations 
(times it estimates clusters)

 

 

 

4.2 Analyzing the evolution of ROA 

Graphs 2 to 4 present the evolution of the values of 
ROAs 1, 2 and 3 for the 713 companies in the data-
base during the period 2009/10 to 2016/17, without 
cluster separation, to describe the evolution of the 
profitability of the Uruguayan agricultural sector. 
They were arranged into four strata: 

1. Equal to or lower than 0. 

2. Greater than 0 and lower than 5%. 

3. Greater than 5% and lower than 15%. 

4. Equal to or greater than 15%. 

The pattern of evolution is similar, regardless of the 
way of measuring the ROA.Therefore, it cannot be 
speculated that the cost per lease or interest acted 
disruptively in the analyzed period, causing ups and 
downs in the measurement of profitability. There is 
an increase in the number of firms in the positive 
securities strata between the initial period (2009/10) 
and the 2013/14 financial year. Between this year 
and the next, but especially in the 2015/16 financial 
year, there is a sharp deterioration in the strata with 
positive values, reaching a maximum percentage of 
companies with null or negative results. The last fi-
nancial year shows similar values to the previous or 
slightly improved. 

With different percentage values, the same path is 
observed in the three ways of calculating ROA. As 
we include costs (lease and interest), although the 
denominator is maintained (total assets), the nu-
merator decreases, so the economic profitability de-
teriorates. 

 

Graph 2. Percentage of companies according to ROA 1 
value ranges 

 

 

Graph 3. Percentage of companies according to ROA 2 
value ranges
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Graph 4. Percentage of companies according to 
ROA 3 value ranges

 

 

So, from the perspective of describing the evolution 
of corporate profitability, there is no evidence to con-
clude that financial ROA is the most appropriate in-
dicator to describe profitability. 

4.3 General evolution of ROA according to its 
three measuring models, from longitudinal 
cluster analysis 

Given the limits between -100 and 100% of the ROA 
values, 645 companies were analyzed according to 
the first model of measuring ROA, 656 companies 
according to model 2, and 654 companies accord-
ing to model 3. By adding leasing costs (model 2) 
and leasing and interest (model 3), some compa-
nies with values greater than 100% in the ROA fall 
within the range of analysis. The full detail of the 
structure of each model is presented below. It is 
worth clarifying that the effect of interest and lease 
is a by-product that could arise from the present re-
search. 

This section pretends to answer the question of 
whether the evolution of the general profitability of 
the sector varies according to the way it is meas-
ured. Graph 5 shows the evolution of profitability (%) 
measured by the average ROA (1, 2 and 3) for all 
companies included in the partition of the three clus-
ters (excluding out-of-range cases, companies with 
ROA under -100% and over 100%). A similar be-
havior is observed in the three measuring models. 
Notoriously, the sector reaches peak performance 
in the biennium 2013-2014 and then falls and begins 
recovery in 2017. 

The use of average ROA values per year absorbs 
intra-annual variation (attributable to scale, produc-
tive specialization and other components that define 
production processes). On the other hand, the inter-
annual variation, for each ROA measuring model, 

 
IVThese differences are mainly related to the different definitions of 
profitability indicators. 

reflects changes in prices and system productivity, 
which in the short term are associated with climatic 
circumstances.  

 

Graph 5. Average values of ROA 1, 2 and 3 (in %) for 
the study period, excluding out-of-range values (ROA 

under -100% and over 100%)

 

 

ROA 1 has a simple average for the three clusters 
of 8.45% (including the eight financial years), from 
a minimum of 6% in 2010 (repeated in 2016) to a 
peak of 12% in 2014. ROA 2 has a value of 6.55%, 
and ROA 3 a value of 4.78.IV 

On the other hand, it is observed that, although the 
absolute gaps are maintained, the relative gaps are 
not. Using the levels of profitability in the first defini-
tion as a reference, ROA 1, in 2010 it is observed 
that the average ROA decreases by 17% when us-
ing definition 2 and 35% when comparing definition 
1 with 3 (which is consistent with the definitions). 
Meanwhile, in 2015 the decreases are greater, 60 
and 80%, respectively (from ROA 1 to ROA 2 and 3). 

Finally, in the last studied period (2017) the de-
creases are, again, less pronounced between each 
definition of the ROA, 33 and 54% when taking def-
initions 2 and 3,respectively, instead of 1. 

As mentioned when explaining the calculation for-
mulas for the different ROAs, while model 1 de-
scribes the operating income of agriculture, ignoring 
the cost of land and credit, model 3 describes the 
final available profitability for the rural business 
owner, corresponding to model 2 an intermediate 
value and, according to certain authors, more bal-
anced when the denominator considers the total as-
sets of the statement of position of each company. 
If the results of this study are used to define public 
policies or make investment decisions, all three in-
dicators are useful. If the value of ROA 1 is high and 
that of ROA 3 is very low, it indicates that the coun-
try has a problem with financial costs and difficulty 
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of access to credit. If there is a large gap between 
ROA 1 and ROA 2, there is a problem with cost and 
access to the land factor. 

With this evidence available, institutions can pro-
mote accessible lines of credit. According to the in-
vestor's approach, ROA 3 is indicated, since it is the 
one that best approximates the return on the capital 
invested by the business owner. In this sense, the 
financial ROA would be the most relevant indicator 
to describe profitability, since it shows significantly 
lower profitability than the other two ratios, and 
therefore more functional to the decision-making. 

Similar to the observed when analyzing the previ-
ous graphs (see the three graphs by profitability 
stratum, graphs 2 to 4), there is a period of ROA 
growth between the financial years 2009-10 and 
2012-13, a plateau between the financial years 
2012-13 and 2013-14, then a sharp fall between 
the financial years 2013-14 and 2014-15, another 
plateau between financial years 2014-15 and 
2015-16, to end the period with a ROA recovery 
between financial years 2015-16 and 2016-17. The 
three measuring models show the same trend pat-
tern. Hence, it can be deduced that, during the pe-
riod under review, changes in the landmarket and 
financial market conditions —which determine 
lease and interest payments— have little or no im-
pact on the evolution of profitability.V 

4.4 Evolution of ROA across longitudinal 
clusters, excluding companies with ROA val-
ues over 100% and under -100%  

According to the stated in the methodology chapter, 
longitudinal clusters were estimated based on the 
trajectory of three similar definitions, but different 
from ROA: ROA 1, 2 and 3. On each occasion, it 
was decided to work with three groups called A, B 
and C,VI, but it should be clarified that the internal 
conformation of each group is not the same in each 
sequence due to the definition of the ROA consid-
ered. That is, a firm can be included in cluster A ac-
cording to ROA 1 and then in cluster B according to 
ROA 2. 

Graphs 6, 7 and 8 show the evolution of ROA per 
cluster. 

 

 
VThe amount of interest basically has two variables, the level of in-
debtedness and the interest rate. Similarly, the payment for leases 
also has two components: the relationship between the value of the 
leased assets and the equity of the company (which we could call the 
level or ratio of lease), and the rental rate, which is measured as the 
ratio between the amount of the lease and the value of the leased 
assets. As no information is available to estimate the value of leased 
assets, neither of these two relationships can be calculated. On the 

Graph 6. Evolution of ROA 1 values (%) for clusters A, 
B and C

 

 

Graph 7. Evolution of ROA 2 values (%) for clusters A, 
B and C

 

 

Graph 8. Evolution of ROA 3 values (%) for clusters A, 
B and C

 

 

The summary can be observed in Graph 9. 

 

other hand, and given the residual nature of agricultural leasing, we 
can infer that these values tend to accompany the evolution of agri-
cultural profitability. The use of contracts, with two or three years of 
validity, may imply a certain gap between the income values and the 
evolution of profitability. 
VIThe labeling of the clusters generated by the cluster-forming pro-
gram was maintained (elaborated in C language). 
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