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estimator is used to assess profit persistence, including all
significant lagged profit rates explaining the adjustment
of abnormal profits over time. Moreover, the dynamic of
farms' economic performance is analyzed considering the
return on assets as a dependent variable (i.e., measuring
farms' profitability), as well as an alternative indicator that
also accounts for opportunity costs (i.e., measuring farms'
viability). The results show that profit and viability persist-
ence in the farming sector are complex dynamic processes
that depend on several lags of the aforementioned
dependent variables (between 2 and 5 years), with high
abnormal profit and viability persistence being widespread.

In any case, heterogeneous persistence results are achieved
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depending on the type of farming. The differences found
can be explained by disparities in several explanatory
variables contributing to above- or below-average perform-
ance. The conclusions reached could lead to sounder
decision-making regarding agricultural policy (i.e., farm
subsidies) and competition policy (i.e., exceptions to
competition law). [EconLit Citations: D41; L13; L22; L25;
Q12; C23].
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1 | INTRODUCTION

The analysis of the competitive dynamics of industries is an important area of research in economics, as it provides
insights into how companies interact with each other within a given market. According to economic theory, the
existence of competitive markets leads to an efficient allocation of all resources in the economy. Under this optimal
state of the economy, where prices are equal to marginal social costs of production and every firm obtains a
“normal” profit (i.e., it makes just enough profit to cover the cost of capital), social welfare is maximized (Jehle &
Reny, 2011, p. 179). This explains why policymakers worldwide seek to ensure a competition-based economic
system to promote consumer welfare and economic growth. Understanding the competitive dynamics of an
industry can help them design policies that facilitate economic growth and innovation (Davis & Garcés, 2010). More
specifically, the intensity of competition in the agricultural sector is a particularly important field of interest, given
the critical role agriculture plays in providing food security and the need to identify new technologies and practices
that can improve productivity and foster sustainable agriculture (Latruffe, 2010).

To support sound policymaking, competition authorities and other policymakers need reliable measurements of
the competitive intensity of the markets. The most common way to assess the intensity of market competition has
been by analyzing firms' profitability, as profits indicate the deviation of prices from the marginal costs of
production (Eklund & Lappi, 2019). According to this approach, the commonly occurring “abnormal” profits (i.e.,
above or below the norm) are explained by dynamic and complex rivalry processes between firms (Mathews, 2002).
Successful entrepreneurs introduce innovations in products, production processes, marketing techniques, or
organizational structures that create temporary monopolistic advantages over their competitors, which consumers
reward with profits above the norm. Conversely, less innovative entrepreneurial firms are penalized by consumers
(profits below the norm), and are then prompted to imitate successful market initiatives, or are replaced by more
efficient market entrants. As a result, monopolistic advantages tend to disappear over time as other firms imitate
and improve on the innovations that have been introduced, driving profits back to the norm. Considering this
dynamic process, the competitive process can be seen as a constant succession of disequilibria (deviations from the
equilibrium where firms obtain “abnormal”—above or below the norm—profits) evolving over time, although market
competition prevents substantial and permanent welfare losses from price-cost deviations. Thus, differential profit
performance by firms is mainly determined by their internal resources and capabilities, which allow them to achieve
competitive advantages. These advantages leading to profit above the norm can only persist over time while firms'
internal resources and capabilities remain scarce (i.e., irreproducible or inimitable) and nonsubstitutable. In this
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sense, a market is considered competitive if profits above the norm are successfully and quickly eroded, with all
economic rents generated by internal resources tending toward zero in the long run.

There is a large and growing literature focused on the persistence of profits (PoP), with analyses conducted at
both the sector and country levels (for recent reviews of the literature, see Eklund & Lappi, 2019; Hirsch, 2018).
However, studies focused on the agricultural sector are almost entirely lacking. Therefore, the first objective of this
paper is to bridge the existing knowledge gap regarding the PoP and the intensity of competition in the agricultural
sector. The proposed analyses will yield valuable and necessary results, pointing to relevant policy implications for
the agricultural sector. In fact, they could play a key role in supporting more efficient decision-making regarding
agricultural policy (e.g., designing agricultural subsidies and incentives) and competition policy (e.g., establishing
agricultural exceptions to competition law).

However, while profitability is an essential aspect of farms' economic performance and a key indicator of
market competition, other economic performance indicators, such as productivity, efficiency, viability, or resilience,
are also pertinent for agricultural policymakers. This is particularly true for the case of the European Common
Agriculture Policy (CAP), which specifically establishes the objective of supporting viable farm income in its
guidelines for the period 2023-2027. Hence, the second objective of this paper and its main contribution is the
proposal to analyze an alternative economic performance indicator measuring farm viability dynamics that
complements the traditional assessment of the PoP based on profit dynamics. Therefore, this paper explores the
persistence of farms' viability, considering their ability to obtain enough income to cover both their fixed and
variable costs as well as to remunerate the factors provided by the farmer (mainly labor and capital inputs) for
agricultural production. This analysis of viability persistence will provide information related to farms' potential for
long-term survival.

In addition to the main contribution noted above, this paper also contributes to the existing literature with two
methodological innovations in the empirical analyses performed. First, it is worth noting the heterogeneity of
national agricultural sectors, which include a wide variety of subsectors facing different competitive conditions,
where we would expect to find varying degrees of profit or viability persistence. As such, it makes little sense to
assess the PoP for the whole agricultural sector, as has been done in the past (e.g., Eklund & Lappi, 2019). The same
applies equally to the analysis of viability persistence. Therefore, the empirical analysis conducted here explores the
heterogeneity in the profit and viability persistence within the farming sector. For this purpose, the Spanish
agricultural sector has been taken as a case study, and this paper estimates the degree of profit and viability
persistence for different types of farming, each one considered as a distinct agricultural subsector. These analyses
rely on dynamic panel modeling with microeconomic data from a large representative sample of Spanish farms over
a 12-year period, using the generalized method of moments (GMM) estimator developed by Blundell and Bond
(1998).

Second, almost all studies that have empirically analyzed the PoP examine the variation of firm-level profit rates
over time, modeling profit dynamics by regressing individual profit rates in one period (r; ;) on the profit rates in the
previous period (1; ;—1). However, there is evidence that profit dynamics can be better described by adding further
profit lags (m;¢-;) to the analysis (Gschwandtner, 2005, 2012). Thus, the second methodological contribution of this
paper is to systematically consider all significant lags as the best way to model farms' profitability and viability
dynamics and obtain more accurate estimates for both economic performance measures.

Our findings show that profit and viability persistence in the farming sector are complex dynamic processes in
which abnormal results are highly dependent on farm performance over the preceding 2-5 years. Furthermore,
heterogeneous results are achieved depending on the type of farming (TF). The differences found can be explained
by disparities in several explanatory variables contributing to above- or below-average profit or viability measures.
The conclusions reached could lead to sounder decision-making regarding agricultural policy (i.e., changes in the
subsidies and incentives granted to farmers) and competition policy (i.e., exceptions to competition law and removal
of barriers to entry).

85UBD17 SUOWILLIOD dAIERID 3|qedl|dde auy Aq pausenoh afe sapiie YO ‘asn Jo sajni o) AreiqiT auljuQ A8|IAA UO (SUONIPUOD-pUe-SWB)WO0D A8 1M AReid 1 BUlUO//:SdNY) SUOIIPUOD Pue SWB | aU) 89S *[7202/20/T0] Uo AriqiauliuQ AB|IA ‘Seaslol|qig a@ oliosuod-end) Aq zzgTe 16e/z00T 0T/10p/wod A3 Im Aeiqpuljuo//sdny wolj pepeojumod ‘v ‘€202 ‘2629025T



GOMEZ-LIMON T AL.

Agribusiness Wiy
2 | RESEARCH BACKGROUND
2.1 | PoP in the food and agricultural sectors

The PoP literature includes a wide range of empirical studies that have provided strong evidence for rejecting the
hypothesis of fully competitive markets. However, most of these studies have focused on the manufacturing and
service sectors (Eklund & Lappi, 2019; Hirsch, 2018), and some have analyzed the dynamic of profits within the
food sector. Schumacher and Boland (2005) analyzed the four major industries in the US food sector (food
processing, wholesale grocery, retail supermarket, and restaurant), evidencing the persistence of abnormal profits in
all of them. Hirsch and Gschwandtner (2013) focused on the food industry in five European countries (Belgium,
France, Italy, Spain, and the UK), finding that the PoP varies significantly across countries (i.e., differences in market
competition), with Belgium registering the lowest value (0.110) and the UK the highest (0.304). Alarcén and Sanchez
(2013) examined the PoP in the Spanish food industry, reporting that profits remain more stable in SMEs than in
larger food firms. Hirsch and Hartmann (2014) studied the dairy processing industry in the European Union (EU),
considering firms from Belgium, France, Italy, Spain, and the UK, and the results pointed to a high level of
competition as profit persistence is low (0.173). Gschwandtner and Hirsch (2018) compared the food processing
firms in the EU and the United States and found that profit persistence is similar in both cases and is lower than in
other manufacturing sectors, indicating highly competitive food markets. Moreover, they reported that the food
industry is a fairly crisis-proof sector since profit persistence remained stable despite the economic crisis. Hirsch
et al. (2021) investigated the PoP in EU food retailing, considering firms from France, Spain, and Sweden. They
found a high degree of profit persistence, presumably caused by the imbalance in bargaining power in the food
value chains. Finally, Opstad et al. (2022) focused on the dynamics of profits in the Norwegian restaurant industry,
finding significant profit persistence (around 0.25), which they explained as being due to isolation mechanisms
preventing competitors from replicating a product.

From a theoretical point of view, there are conflicting reasons for the assumptions that the agricultural sector
can operate under both intense and moderate levels of market competitiveness. On the one hand, some
characteristics of this sector suggest that generalized intense competition (i.e., low profit persistence) should be
expected: first, increasing free international trade in a globalized economy, which leads to lower market entry
barriers (Josling et al., 2010); second, agricultural production is based on biological processes that are highly
dependent on the weather, leading to a price-inelastic supply in the short-run and high price volatility (Assefa
et al., 2015); and third, farmers face high concentration in the food industry and retail sectors, reducing their market
and bargaining power (Bonanno et al., 2018). On the other hand, other characteristic features of the agricultural
sector might lead us to expect that farms face a weak competitive environment (i.e., high profit persistence): first,
government policies providing subsidies and economic incentives to farmers, which contribute to improved and
steady levels of profitability (Guyomard et al., 2004); second, the heterogeneous quality of agricultural resources
(mainly land and water), which creates differentiated permanent rents for the landowners (Eklund & Lappi, 2019);
third, entry barriers for new domestic farmers, especially those related to the high capital requirements to start a
farm business (Hartarska et al., 2022); and fourth, the use of multiple risk management instruments, such as
insurance or future contracts, which stabilize agricultural profits (Sanchez-Canizares et al., 2021).

In sum, profit persistence in the agricultural sector is determined by a complex interplay of various factors,
many of which are local and time specific. Under these circumstances, it is difficult to foresee the level of
competition faced by the farming sector. Thus, any valid assessment needs to rely on specific data analysis, as is
done in this paper.

Moreover, as pointed out in Section 1, studies focused on the PoP in the agricultural sector are scarce,
providing little guidance about the actual strength of the competition within the sector. To the best of our
knowledge, there are only three papers in the literature that empirically assess the PoP in the farming sector. First,

Eklund and Lappi (2019) analyzed the PoP across countries and industries in the EU, including agriculture as a
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separate industry. They found that European agriculture is one of the industries with the lowest profit persistence
(0.217 vs. an average across sectors of 0.271). Nevertheless, the analysis was based on only 37 firms included in the
Compustat Global Database, which only contains large corporate farms. Thus, the sample cannot be considered
representative of the agricultural sector in the EU. Another shortcoming of the estimation is that the PoP was
assessed at the industry level (i.e., agriculture), without accounting for the fact that the farming sector is made up of
a wide range of heterogeneous farms with different types of farming (i.e., assets required for production) or labor
and land ownership structures (i.e., opportunity costs).

The second paper is by Tamirat et al. (2018), who analyzed the PoP in four types of farming in the Netherlands
(dairy, livestock, field crop, and horticulture farms) using data from the Dutch Farm Accountancy Data Network
(FADN) (1796 farms). Accounting for single farms' characteristics, they reported significant profit persistence
(0.304) in the dairy farms, very low values in horticulture and field crop types of farming (0.071 and 0.039,
respectively), and zero abnormal profits in the case of livestock farming. The third and last study focused on the PoP
within the agricultural sector is by Vigani and Dwyer (2020). On the basis of the microdata provided by the Farm
Business Survey (the former English branch of the FADN), these authors focused their analysis on hill and upland
farms, evidencing a very high profit persistence (0.768) in this case study. However, in these two research papers,
the measures used to estimate the PoP are based only on the profit rates in the previous period (m;;-1). Moreover,
farm profitability is just measured through the return on assets (ROA), as is standard when analyzing large firms.
This paper aims to overcome both limitations by including further profit lags (m;;-;) in the analysis when examining
the profit persistence, and complementing the assessment with an alternative indicator which measures viability

persistence.

2.2 | Assessing the PoP

Considering the dynamic view of competition mentioned above, Mueller (1977, 1986) was the first to propose an
empirical model to estimate the PoP based on a simple first-order autoregressive (AR(1)) equation:

Tt =0+ AlGp-1 + &g, (1)

where m;; is the abnormal profit rate of firmi at a given point in time (year) t, ;-1 is the abnormal profit rate in the
previous period, A is the short-run profit persistence parameter, and ¢;; is the error term. This coefficient A
quantifies the average degree of profit persistence across firms in the sample considered (i.e., for all i), indicating the
speed of convergence to the normal level of profit rate in the industry or sector analyzed (McMillan &
Wohar, 2011). Its value usually varies between 0 and 1. A value of A close to zero (i.e., low degree of persistence)
implies that the competition process reduces abnormal profits from period to period, indicating strong market
competition (i.e., homogeneous products, good market information, and ease of entry/exit). On the contrary, a value
of A close to 1 (i.e,, high degree of persistence) implies a slow adjustment to the competitive profit over time and,
thus, a low level of market competition. According to the resource-based view of the firm, the latter situation is
mainly caused by “isolation mechanisms” (i.e., knowledge, physical, or legal barriers) preventing competitors from
replicating a product (Mazur & Kulczyk, 2013).

Glen et al. (2001) and Callen and Morel (2001) showed that AR(2) regressions (i.e., considering two lags of profit
—;¢-1 and m; s_p—as independent variables) are more suitable for modeling the PoP. Biagini et al. (2020) reached the
same conclusion when modeling Italian farms' profit dynamics. Gschwandtner (2005, 2012) extended the standard

approach mentioned above by estimating autoregressive processes of higher orders:

L
Te=a+ ) AT+ &, (2)
=1
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where L indicates the number of lags of the autoregressive process and A = 214:1 Aj is the parameter measuring the
overall profit persistence (Gschwandtner, 2012). This extension is appropriate as the adjustment of abnormal profits
over time is likely more complex than AR(1) and can be better characterized by higher-order autoregressive processes.

Although this standard approach based on autoregressions has been widely used in the past to model the PoP
(e.g., Crespo Cuaresma & Gschwandtner, 2008; Schumacher & Boland, 2005), it has a serious shortcoming (Hirsch &
Gschwandtner, 2013). Due to the presence of the lagged dependent variables, there are critical endogeneity issues
(i.e., endogenous variables are correlated with the error term), meaning that the ordinary least squares estimator
implemented on Equation (1) or (2) results in biased and inconsistent estimates (Baltagi, 2021). More recent studies
use GMM estimators to avoid this drawback, as alternatives specifically created for dynamic panel modeling that
ensures consistent and unbiased estimates of the autoregressive parameters (A;). Moreover, it is worth noting that
GMM estimators are particularly suitable for analyzing dynamic data panels with relatively short time series (T) and
a large number of firms (N) (Arellano & Bond, 1991; Blundell & Bond, 1998).

Arellano and Bond (1991) proposed the GMM-difference estimator, which transforms Equation (1) or (2)
through its first difference, thus eliminating the error component that caused the correlations with the dependent
variable. Goddard et al. (2005) were the first to use this estimator to assess the PoP. Notwithstanding, several
studies (Blundell & Bond, 1998; Moral-Benito et al., 2019) have pointed out that the GMM-difference estimator can
lead to inconsistent estimates, especially when the autoregressive parameters approach unity. To avoid this source
of bias, Arellano and Bover (1995) and Blundell and Bond (1998) developed the GMM-system estimator, which
combines the lagged level instruments for the differenced equation of the GMM-difference estimator with
differenced instruments for the level equation. Liu and Wilson (2010) were the first to implement the GMM system
to assess the PoP, with this econometric approach subsequently becoming the most used method for this purpose
to date. Therefore, most recent studies use this improved version of the dynamic panel data GMM estimator (e.g.,
Hirsch et al., 2021); in this study, its use is justified by the fact that it is the one that provides the most accurate

estimates of the autoregressive parameters measuring the PoP.

2.3 | Farm profitability and farm viability

Most of the previous profit persistence literature (e.g., Goddard et al., 2005; Hirsch, 2018) measures firms'
profitability by the ROA, calculated as the ratio of earnings before interest and taxes (EBIT) to total assets. This
measure of economic performance is widely used in the farm management literature, as it allows the comparison of
farms regardless of their size or capital structure (Mishra et al., 2009). This justifies the suitability of using ROA to
assess profit persistence in the farming sector.

However, the use of accounting measures to assess firms' profitability has been widely criticized because,
despite the regulatory reporting framework, accounting statements are not a fair portrayal of firms' financial
position and performance. Hirsch et al. (2021) summarize the various reasons for inaccurate accounting data, which
potentially jeopardize the reliability of any analysis based on them. That said, it is worth noting that the fraud,
systematic errors, and biases found elsewhere in accounting records are minimized when using the data provided by
the FADN. There are a number of facts that support this statement (Bradley & Hill, 2015). First, the firms analyzed
are farms (i.e., micro firms) whose accounting records are not biased by profit-smoothing and cross-subsidization, as
may be the case when considering large firms and the related holding companies. Second, the procedures
established by the EU for collecting and processing farms' data have been designed specifically for agricultural
holdings, and as such are based on sound accounting and technical criteria that minimize systematic errors (e.g.,
valuation of fixed assets and the corresponding depreciations). And third, the correct implementation of these
procedures is supervised by the national liaison agencies and the European Commission, which implement stringent
data quality controls. All of this suggests that the ROA used in our study, calculated based on the FADN data, is a

sufficiently accurate indicator to assess farming profitability across the agricultural subsectors.
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In any case, it is worth pointing out that profitability is just one of the multiple dimensions of farms' economic
performance. Profitability is one of the most extensively studied dimensions of economic performance since it
enables the assessment of whether farms generate higher or lower profits than alternative businesses (Coppola
et al., 2020). Furthermore, as explained above, it is a key indicator for assessing the strength of market competition.
However, other dimensions of farms' economic performance, such as productivity, efficiency, viability, or resilience,
are also relevant to support sound policymaking.

According to the Treaty on the Functioning of the EU, one objective of the CAP is to ensure a fair standard of living
for the agricultural community (see article 39), which is the basis for policy measures aiming at supporting farm income
(EC, 2018). This objective has been reinforced by Regulation (EU) 2021/2115, establishing the guidelines for the CAP
during the programming period 2023-2027, where it is pointed out that the first out of the nine specific objectives of
the CAP is “to support viable farm income and resilience of the agricultural sector across the Union.” This focus is
justified as farm viability is a requisite for the agricultural sector to provide a wide range of desired services, including
the provision of food as well as ecosystem and cultural goods and services (Finger & El Benni, 2021).

Although farm income support has always been an objective of the CAP, the EU has never specified what
should be understood as a “viable” income (Hill & Bradley, 2015). This lack of specificity means there is no
normative reference level with which to compare the income actually obtained by farms, leading to multiple
academic debates about the concept of farm viability, as evidenced by O'Donoghue et al. (2016) and Loughrey et al.
(2022). However, most authors (e.g., Argilés, 2001; Coppola et al., 2022; Spicka et al., 2019; Vrolijk et al., 2010)
conceptualize this term as the farms' capacity to generate sufficient income to cover all fixed and variable costs, as
well as to remunerate the factors of production provided by the farmer. According to this approach, the only farms
that have the potential to maintain their production activity over time are those whose income can cover all
accounting costs and properly remunerate all the opportunity costs incurred by the farmers due to the use of
internal resources (i.e., factors of production owned by the farmer) in his/her farming activities.

This paper aims to be the first to explore the persistence of farms' viability, mimicking the econometric approach
proposed for assessing profit persistence, but with the model focusing on the dynamics of a viability indicator v;;

denoting abnormal viability performance (i.e., above or below the norm) of farm i at a given point in time (year) t:

L
Vit=a t+ z )\J‘V,“t_j + &t (3)
j=1

Thus, while the analysis of profit persistence is suitable for assessing farms' ability to consistently generate abnormal
profits over time and the degree of competitiveness faced by these agricultural holdings, the proposed analysis of viability
persistence is useful for assessing farms' ability to maintain their income consistently above/below their opportunity costs
over time. In other words, the analysis of viability persistence provides information related to their potential for long-term
survival. Viability persistence is therefore a broader measure than profit persistence, as it encompasses not only market
competition but also factors related to other structural features (e.g., capital and labor structure) that may impact farms'
ability to survive and adapt to changing circumstances. This is especially relevant for those national agricultural sectors that
are mainly composed of small or family farms whose legal form is a sole proprietorship (i.e., the farmers themselves provide
a large share of the labor and capital inputs). Indeed, this is the case in Spain, where the assessment of viability persistence
would provide a useful complementary perspective to traditional PoP evaluations. In fact, the assessment of the
persistence of farms' viability would indicate which agricultural subsectors and farms face problems in surviving and
thriving over time (i.e., those whose viability indicator is consistently below the average). This information would help

policymakers to assess the achievement of CAP objectives related to farm viability.

1According to the Spanish Agrarian Census 2020, 94% of farms have sole proprietorship as the legal form, and together they
manage 77% of the country's utilized agricultural area. The EU's agricultural sector has a similar share of family farms, although there
are large differences among member states (Klikocka et al., 2021).
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3 | DATA, VARIABLES, AND ECONOMETRIC APPROACH
3.1 | Data

The FADN is the best source of farm-level microeconomic data for EU countries. For the case of Spain, these
microdata are provided by the Red Contable Agraria Nacional (RECAN), the Spanish branch of the FADN. The
RECAN annually collects structural, production, economic, and financial information on a representative sample of
Spanish commercial farms.2 The sample size of the RECAN annually exceeds 9000 farms. This large sample size and
the quota sampling from the farm census guarantee that the information collected by this accounting network is
representative of the population of commercial farms in Spain, adequately reflecting their heterogeneity both at the
level of the sector as a whole and at the subsector level (i.e., TF) (RECAN, 2022). For illustrative purposes, Table 1
shows the population of farms represented by the RECAN and the sample drawn for 2020 broken down by TF.
Although the total population of farms is split into 14 different TFs, the analysis implemented here focuses only on
the 10 most important TFs (i.e., agricultural subsectors) in terms of the percentage of farms and the agricultural area
covered. Only these TFs are included in Table 1.

We use the longitudinal dataset built from the farms participating in the RECAN sampling from 2009 to 2020.
This dataset included data from 14,577 farms, which stayed in the sample for an average of 7.1 years, accounting
for 102,994 observations (i.e., farm i-year t). Data regarding the farms included in the aggregate RECAN sample
2009-2020 and the number of available observations (farm-year) split into the TFs analyzed are also shown in
Table 1. In any case, the original database was cleaned up to remove outliers (i.e., erroneous observations or
implausible values). For this purpose, we used the blocked adaptive computationally efficient outlier nominators
(BACON) algorithm developed by Billor et al. (2000). This algorithm allows the identification of multivariate outliers
on the basis of Mahalanobis distances (Weber, 2010).° The observations identified as multivariate outliers and
removed from the sample are shown by TF in the last column of Table 1.

Finally, it is worth noting that the sampling and data-gathering procedures feeding the RECAN have remained
fairly stable over the last decade, since the basic regulation governing the network for collecting accountancy data
on the incomes and business operations of agricultural holdings in the EU (Council Regulation (EC) No. 1217/2009)
has not changed since 2009. Thus, data from the aggregate RECAN sample 2009-2020 are suitable as inputs for
our econometric models, as the variables measuring farm profits and characteristics are perfectly homogeneous

across the entire period.

3.2 | Variables

As explained above, farm profitability is measured by the ROA (EBIT/total assets). Departing from the RECAN data,

EBIT has been calculated as the farm net income plus interest and tax payments:

Farm net income;; + Interest paid;; + Taxes;

ROA;; =
it Total assets; s

2Accc)rding to the last farm census (2020), there are 914,871 farms in Spain. However, the population of farms considered by the
RECAN only includes those with an annual standard gross margin (SGM) greater than 8000 Euros (about 438,000 farms).
Nevertheless, it should be pointed out that the latter population of farms manages 90% of the farmland in Spain and accounts for
96% of national agricultural output (RECAN, 2022). For this reason, the data and results obtained using this source are useful for
policy analysis.

3The observations for which the deviation in the distance from the median of a variable lies within a certain limit determined by the
1 - a percentile of the x? distribution are kept in the sample, while observations beyond this limit are rejected (Billor et al., 2000). In
our case study, we use the generally recommended limit of a =0.15 for this purpose.
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TABLE 1 RECAN database feeding the econometric models.
RECAN 2020: population and

sample RECAN 2009-2020: aggregate sample

Population Farms Farms Observations Number of
Type of farming represented sampled sampled (farm-year) outliers
TF15. Cereals, oilseeds, and 77,967 1255 1924 15,128 73

protein crops (COP)

TF16. Other field crops 31,332 837 1052 8228 40
TF20. Horticulture 25,255 762 1700 9111 18
TF35. Wine 39,583 764 1019 7778 40
TF36. Orchards-fruits 61,430 919 1419 9188 59
TF37. Olives 55,863 435 611 4019 84
TF45. Dairy 14,042 843 1592 11,047 40
TF48. Sheep and goats 38,293 935 1404 11,113 57
TF49. Cattle 33,113 799 1143 8243 41
TF50. Granivores 17,261 722 1093 6974 11
All TFs 438,094 9215 14,577 102,994 463

Note: This table presents information about the number of farms and farm-year observations available in the RECAN
dataset and the observations removed as outliers. However, a smaller number of farms and observations are actually used
in the econometric models, as reported in Tables 4 and 5, because we include only the data that allow us to calculate the
lagged profits required in each model (see the section explaining the econometric approach implemented).

Abbreviations: RECAN, red contable agraria nacional; TF, type of farming.
Source: RECAN microdataset.

To account for the opportunity costs for the use of the labor and capital factors provided by the farmer, we

have also considered the following viability ratio (VR) as an alternative farm economic performance measure:

Farm net income; ¢
OCIabori,t + OCcapitaI;vt ’

VRt = (5)
where OCiaporit and OCcapita; are the farmer's opportunity costs of labor and capital, respectively. OCiabori ¢ is
computed by multiplying the average cost of paid labor in the region where the farm is located by the agricultural
work units provided by the farmer and his/her family, while OCcapital; ; is computed by multiplying the value of the
farm equity by the tax-free yield of 10-year government bonds (data published by the Spanish Ministry of Finance).
Both estimations are considered to be rather conservative since the wages used are mostly related to nonqualified
personnel and the alternative investment opportunity taken has a very low risk (Vrolijk et al., 2010).*

“In expression (3), OCiaborit or OCecapitalj ; Can take zero values in cases where farms do not use any of their own labor or own capital.
However, such cases are likely to be uncommon considering farmers' role in managing their farms. In fact, out of all the observations
in the initial database, only 1.29% have zero opportunity costs of capital and 0.18% have zero opportunity costs of labor (less than
0.05% of the observations have zero total opportunity costs). However, these extreme cases registering anomalously high values
that could lead to biased estimations were detected as outliers using the BACON algorithm explained above. Thus, the observations
with anomalous values in the VR indicator were removed from the database, and in the data feeding the econometric models the
values of VR ranged from -1.01 to 6.42.
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Considering VR as a farm economic performance indicator (v;), only farms with a value of VR greater than or
equal to one can be considered viable (i.e., farm incomes are enough to remunerate all the opportunity costs,
allowing the generation of an economic surplus). Accounting for this indicator enables the comparison of farms with
different labor and land ownership structures, and also provides a complete picture of entrepreneurial farm
profitability and viability.

According to the existing literature, average industry profit can be considered the industry competitive norm.
Thus, the abnormal profit of farm i at time t is defined as the deviation of the profit of farm i at time t from the
average profit of all other farms in the same agricultural subsector or TF at time t. Following this approach for the
two economic performance indicators mentioned above, the two dependent variables considered in the empirical
analysis are

7t = NROA, , = ROA;; - ROA,, (6)

Vit = NVR;, = VR;¢ = VRre s, (7)

where NROA;; and NVR;; are the normalized values of ROA and VR indicators for farm i at time t. This way of
normalizing farm profitability/viability assessment removes the impact of macroeconomic cycles.

The econometric models used also include farm characteristics as variables that can potentially explain the
profit and viability persistence. These variables, together with their descriptions and the descriptive statistics for the
aggregate sample, are included in Table 2. Table A1 shows the descriptive statistics for the different subsamples
by TF.

Moreover, we calculated correlation coefficients (Table A2 includes a table with Spearman correlation
coefficients between all pairs of variables)® and variance inflation factors (VIFs) among all the abovementioned
explanatory variables to check for potential multicollinearity problems in estimating the econometric models. This
analysis, as expected, confirmed that the pairs of variables TOUTPUT and TASSEST (proxies of farm size) and
LEVERAGE and GEAR (proxies of financial risk exposure) are highly correlated. A similar case was detected
regarding FAMLAB and OUTSOUR, although in this case indicating that family labor and outsourcing are
substitutive inputs in farming management. For this reason, we did not include the variables TASSEST, GEAR, and
OUTSOUR in our models. Following these omissions, it has been confirmed that multicollinearity is not present in
any of the models run (the set of explanatory variables considered had a VIF lower than 3, below the cut-off value
suggested by Hair et al., 2019).

3.3 | Econometric approach

Our empirical analysis is based on the following autoregressive models of order L (AR(L)):

L

Me=a+ ) AT+ > aXeie-1 + i (8)
=1 P
L

Vit = @+ D Avies + D oXie-1 + Ein (9)
i1 P

where m;+ and v;; are the abnormal farm profit and farm viability indicators, respectively, measured as NROA,; and
NVR;;, m¢-j and vj;-j are the abnormal profit and viability indicators lagged j periods, A; are the autoregressive

parameters measuring the adjustment of abnormal normalized return on assets (NROA) or normalized viability ratio

5Given the nonnormality of the variables, we use Spearman's rank correlation coefficient instead of Pearson's.
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TABLE 2 Variables included in the econometric models: Definition and descriptive statistics (farms from all
types of farming).

Variable Description Unit Average St. Dev.

ROA Return on assets (farm net income plus Ratio x 100 12.30 12.28
interest payment/total assets)

VR Viability ratio (farm net income/farmer's total Ratio 1.10 1.17
opportunity cost)

TOUTPUT Total farm output ,000 Euros 119.61 274.62

TASSEST Total farm assets ,000 Euros 434.61 706.40

GROWTHTA % Of increase in total farm assets Ratio x 100 2.73 44.96

LEVERAGE Total debt/total assets Ratio x 100 3.93 12.50

GEAR Total liability/owner's equity Ratio x 100 7.64 244.27

AGE Farmer's age Years 54.31 11.83

SEX Farmer's sex 0 =male; 1="female 0.07 0.25

AGTRAIN Farmer's practical experience or formal 0 = practical experience; 0.12 0.33
training 1 = training or degree

FAMLAB Family labor/total farm labor Ratio x 100 79.98 27.18

LANDOWN  Owned land/total farmland Ratio x 100 61.28 41.09

IRRIG Irrigated area/total farmland Ratio x 100 26.84 39.96

ALTITUDE Farm altitude location 0 = less than 300 m; 1 = more 0.65 0.48

than 300 m
LFA Farm location in less favored area 0 =not located in LFA; 0.69 0.46

1 =located in LFA

CAPINT Total assets/total output Ratio 6.92 38.47
LABINT Total labor in working hours/total output Ratio 0.07 0.64
ICINT Intermediate consumption/total output Ratio 0.61 1.48
OUTSOUR Cost of practices subcontracted/total costs Ratio x 100 15.80 16.40
ORGANIC Implementation of organic production 0 = no organic production; 0.07 0.25
1 = organic production
SUBSID Subsidy payments/total farm income Ratio x 100 20.40 1003.0
DIVERS Other farm output/total farm output Ratio x 100 5.89 17.58

Source: Authors' calculations based on RECAN microdataset.

(NVR) over time, Xy ;t-1 is the vector of variables capturing the influence of farms' characteristics explaining the
persistence of abnormal NROA or NVR, ay are the parameters reflecting their impact on profitability or viability, and
€+ is the error term. This modeling approach was implemented for each TF to obtain separate results for each
farming subsector.

It is worth explaining here that the profit/viability dynamics of individual farms were modeled considering all
significant profit/viability lags to allow for a more comprehensive adjustment process (Geroski & Jacquemin, 1988).
Once the number of significant lags was determined in each TF, the parameter A = ZJL-=1A,<J- was calculated as a

measurement of the profit/viability persistence at the TF level (Gschwandtner, 2012). In this way, we aim to add
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new insights to the existing literature, most of which relies on AR(1) processes, by assessing the number of periods
that influence the PoP in each TF analyzed.

As explained in Section 2, the Blundell and Bond (1998) GMM-system estimator was used to estimate our
dynamic panel models as it is the most efficient estimator available to date. However, the validation of the GMM-
system estimations requires meeting a series of assumptions about dynamic endogeneity issues and the use of the
instrumental variables (V) approach to cope with them. In this sense, we adopt an IV strategy to account for
potential endogeneity, including both lagged dependent and independent variables as instruments, as valid external
instruments were difficult to construct. More specifically, as explained above, we included up to L lagged profit and
viability indicators (m;:-; and vi;_j) as explanatory factors of profit/viability dynamics. Moreover, as suggested in
Hirsch et al. (2021), an IV strategy was adopted to consider the potential endogeneity of farms' specific drivers of
profitability and viability which could initially be treated as exogenous. Thus, we lagged all these independent
variables by 1year (Xk;¢-1) to reduce the risk that our results are driven by reverse causation (Kingsley &
Graham, 2017). The lagged values of all these variables satisfy the relevance and exogeneity conditions and,
therefore, can be assumed to be valid IV (Abdallah et al., 2015; Wintoki et al., 2012).

In any case, the following three tests were implemented to check the validity of the chosen IV (Li et al., 2021).
First, the validity of the instruments used requires that the error term ¢;; is not serially correlated. Then, first-order
differenced residuals Ag;; and Ag;¢-4 are correlated by construction and the AR(1) test statistic shows a statistically
significant p value. However, second-order differenced residuals (i.e., between Ag;; and Ag;;_,) should not be
correlated, and thus the AR(2) test statistic is expected to show no second-order serial correlation (p >0.05).
Second, the Hansen J overidentification test (Hansen, 1982) was applied to test the validity of instruments. The null
hypothesis for this test is that the instruments used are exogenous. Consequently, the p value of the Hansen test is
not expected to reject this null hypothesis. Finally, the difference-in-Hansen J test (Eichenbaum et al., 1988) was
implemented, as system GMM requires the assumption of additional exogeneity; that is, any potential correlation
between endogenous variables and possible unobserved fixed effects in the models should remain constant over
time. The null hypothesis in this test is that the subsets of instruments in the level equation are exogenous and,

consequently, the p value should be large enough that this null hypothesis cannot be rejected.

4 | PROFITABILITY AND VIABILITY OF THE SPANISH FARMS

Spain has a long history of agriculture, dating back to prehistoric times. Today, agriculture is still an important sector
in the Spanish economy, contributing around 3% of the country's gross domestic product and employing around 5%
of the workforce. However, it is not only because of its economic weight that the agricultural sector is strategically
important for Spain; it also plays a crucial social and environmental role in rural areas, being the backbone of the
Spanish territory and a cohesive element of Spanish society.

Spain is a major producer of a variety of agricultural products, including cereals and livestock products (dairy,
swine, and cattle) in the north and west of the country (the Atlantic area), and fruits, vegetables, wine, and olive oil
in the south and east (the Mediterranean area). Thanks to the location and the competitive advantages offered by
the climate, the latter products are the most profitable and viable (see sectoral ROA and VR indicator for 2020 in
Table 3). Indeed, these high-quality products represent the lion's share of Spanish agricultural exports, which all
together make Spain the eighth largest exporter of food in the world. In 2021, total food exports exceeded 60
billion euros, with a positive food trade balance of 19 billion euros (MAPA, 2022).

Table 3 provides general information about the current farm economic performance (ROA and VR indicators) in
the various TFs considered, accounting for average farm data in 2020. Moreover, this table also describes recent
trends across the different subsectors, showing the average annual percentage change for the period 2009-2020.
To properly understand these data, it is worth explaining that ROA values cannot be directly compared between TFs

since this indicator is shaped by the asset requirements in each type of agricultural production (i.e., to obtain one
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TABLE 3 Average economic performance by TF: current situation (2020) and recent trends (2009-2020).

Type of farming

Area (ha)

Total output (€)

Average for the current situation (2020)

TF15. COP crops

TF16. Other field
crops

TF20. Horticulture
TF35. Wine

TF36. Orchards-fruits
TF37. Olives

TF45. Dairy

TF48. Sheep and goats
TF49. Cattle

TF50. Granivores

All TFs

76.9
45.8

8.3
254
19.7
25.9
37.2
89.7
70.3
29.2

47.0

52,277
77,329

224,398
49,821
88,732
49,083

248,531
98,097
60,586

451,902

96,756

Average annual percentage change (2009-2020)

TF15. COP crops

TF16. Other field
crops

TF20. Horticulture
TF35. Wine

TF36. Orchards-fruits
TF37. Olives

TF45. Dairy

TF48. Sheep and goats
TF49. Cattle

TF50. Granivores

All TFs

Abbreviations: COP, cereals, oilseeds, and protein; RECAN, red contable agraria nacional; ROA, return on assets; TF, type of

0.08
-1.52

0.10
-0.03
219
0.16
3.68
3.31
0.22
1.13

0.55

farming; VR, viability ratio.

6.13
7.38

10.64
5.20
9.82
3.68
9.86
3.64
2.61

11.06

6.25

Total subsidies (€)

16,174
17,138

2992
6355
7598
11,280
22,201
18,951
17,108
6702

12,582

0.24
-2.10

4.54
12.11
6.13
2.52
4.80
1.86
-0.13
1.56
1.15

Source: Authors' calculations based on RECAN microdataset.

monetary unit of EBIT, different amounts of assets may be needed, depending on the technical characteristics of

the production). However, this is not the case with the VR indicator; since this is a relative measure of the economic

Farm net income (€)

25,008
30,179

74,942
24,604
42,008
27,510
68,298
42,800
27,636
148,624

39,706

5.30
2.85

10.70
6.24
9.80
3.95
4.35
0.60
0.69

14.28

4.84

ROA
(x100) VR
7.56 0.84
8.16 1.14
12.58 221
8.84 1.01
11.33 1.66
8.07 1.37
12.61 1.39
12.30 1.14
8.54 0.99
19.03 3.38
10.40 1.49
0.28 294
0.17 3.88
0.00 0.11
0.28 4.14
0.45 8.11
0.16 6.07
0.34 4.86
0.07 -0.69
0.19 B8
0.52 17.05
0.29 6.08

surplus obtained by the farm, it allows the comparison of farms with different asset and labor requirements.

Accounting for the VR indicator, the data confirm that the economic performance of average farms in
Horticulture (TF20) and Orchards-fruits (TF36) is better than the sector average (1.49). Granivores (TF50) shows
the best economic performance in terms of VR, indicating the competitiveness of Spanish swine production. The

rest of the TFs have average VR values lower than the national average, although only cereals, oilseeds, and protein
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(COP) crops (TF15) and Cattle (TF49) have averages lower than one, denoting nonviability. Considering the VR
average annual percentage change during the period 2009-2020, it can be seen that Granivores (TF50) and
Orchards-fruits (TF36) are not only the most profitable and viable subsectors in the Spanish agricultural sector, but
are also those that register the greatest improvement in economic performance. Horticulture (TF20), however, has
simply maintained its high economic performance levels over the last decade. On the other hand, the average Sheep
and goats farm (TF48) shows a decreasing trend in VR, despite the increase in its average area and total output over
the last decade.

The farming sector in the EU is supported by the CAP in an effort to narrow the gap between farm incomes and
incomes in the rest of the economy and to reduce their volatility over time (EC, 2018). This support is recorded in
Table 3, showing how subsidies received by different average farms shape their profitability and viability. In Spain,
the average subsidy rate (variable SUBSID measuring total subsidy payments divided by total farm income) is lower
(11.1%) than in the EU (13.4%) (data from FADN, 2022 for the year 2020). Nevertheless, the role of CAP payments
is notably heterogeneous among Spanish TFs, with the average values of SUBSID ranging from 4.6% to 28.7% (see
Table A1). In this sense, it can be seen that CAP support is mainly targeted at less viable subsectors (e.g.,, COP
crops-TF15, Other field crops-TF16, Sheep and goats-TF48, or Cattle-TF49, all with average values of SUBSID
higher than 20%), while payments received by Horticulture (TF20), Orchards-fruits (TF36), and Granivores (TF50)
are much lower (average values of SUBSID below 10).

Finally, it should be mentioned that farm profitability and viability are also shaped by entry barriers making it
difficult for new farmers to start and operate successful farming businesses. Although these barriers take many
forms and vary depending on the specific type of agriculture being considered, the most relevant ones for the
Spanish case are: (a) high capital requirements to start a farm business and limited access to credit; (b) policy
regulations (e.g., decoupled direct payments in Spain are only received by those farmers who own payment
entitlements; thus, any new farmer that does not have an entitlement is at a competitive disadvantage); and (c)
market concentration in the food industry and retail sectors and limited access to markets, especially for more

perishable agricultural products such as fruits and vegetable or those produced for the export market.

5 | EMPIRICAL RESULTS AND DISCUSSION
5.1 | Profit persistence

Table 4 shows the estimates of modeling NROA dynamics by TF. As commented in Section 4, all the tests describing
the model validity (see lower panel in Table 4) confirm the overall adequacy of the outcomes for every TF. Although
the Blundell and Bond GMM-system estimator does not provide R? values, AR(2), Hansen, and difference-in-
Hansen test p values, respectively, demonstrate the absence of second-order correlation, the overidentification of
models, and exogeneity of instruments. Therefore, the results obtained are reliable enough to be analyzed.
Regarding the results, the number of significant lagged profits (r; ;) explaining the PoP ranged from two, in the
case of TF15 (COP) and TF37 (Olives), to five, in the case of TF48 (Sheep and goats). Furthermore, the coefficients
obtained for these autoregressive variables followed the expected rationale, displaying positive values in every TF
(i.e., current abnormal profits are positively related to abnormal profits in the past) and generally showing that the
higher the order of the lagged profit, the lower the coefficient (i.e., more recent profits have a higher impact on

current profit).°

$There are only occasional exceptions (e.g., the coefficient for NROA;_3 is higher than for NROA;_, in TF20 and TF49, and the
coefficient for NROA,_5 is higher than for NROA,_, in TF48). However, the differences between these coefficients are almost
negligible in these cases. At any rate, in all the subsectors, the first lag is clearly higher than the rest, underscoring the idea that the
more recent past has a greater influence.
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FIGURE 1 Distributions of the overall measures of profit persistence (A) by type of farming.

These results confirm the suggestion made by Gschwandtner (2005, 2012), who pointed out that the
adjustment of abnormal profits over time can be better modeled using autoregressive processes of orders higher
than one, unlike most studies in the literature, which use first-order autoregressive processes. In fact, by including
several lags of the dependent variable we show that the PoP is a complex dynamic process, with farms' current
economic performance highly dependent on the profits obtained over the last 2-5 years.

As explained above, the overall profit persistence can be proxied at the TF level by the parameter A = ﬁ:l)\j
(Gschwandtner, 2012). In any case, it must be pointed out that these parameters A are the averages of stochastic
variables distributed according to the sum of the distributions followed by the corresponding parameters A;. The
distributions of the parameters measuring the overall profit persistence were empirically shaped using a
bootstrapping procedure. The results obtained are shown graphically in Figure 1.

The differences in means of A shown in Figure 1 prove that the PoP is heterogeneous within the agricultural
sector, varying depending on the TF considered. In the Spanish case study, the TFs with the lowest profit
persistence (A < 0.6) were Horticulture (TF20) and Cattle (TF49). On the other hand, the subsectors showing the
highest degree of profit persistence (A > 0.7) were Sheep and goats (TF48), Olives (TF37), Other field crops (TF16),
and Dairy (TF45). The remaining subsectors (COP-TF15, Wine-TF35, Orchards-fruits-TF36, and
Granivores-TF50) had overall measures of profit persistence ranging from 0.6 to 0.7.

The value estimates of A for the different TFs ranging from 0.562 to 0.794 (i.e., between 0 and 1) mean that
abnormal profits within the agricultural sector converge to the TF-specific norm (i.e., the average profitability in

each agricultural subsector) over time. However, the speed of convergence (1 - A) is relatively slow, ranging from
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43.8% to 20.6% per year, respectively. All these figures suggest a relatively low intensity of competition in the
Spanish agricultural sector.

On the other hand, in addition to assessing the strength of market competition, the analysis of the PoP can also
be considered as a way to measure farms' robustness, indicating their capacity to absorb the consequences of
shocks caused by changing markets, climate, and policy conditions by minimizing variations in farm profits (Vigani &
Dwyer, 2020). Thus, the higher the profit persistence, the lower the intensity of competition, but the higher the
resilience of the farms. This point, however, can be better assessed by considering the viability persistence, as
explained in Section 5.2.

Persistence measures are not directly comparable across the estimation methods (Hirsch &
Gschwandtner, 2013). Thus, the abovementioned measures of overall profit persistence can only be compared
with those from studies that also use GMM estimators. In this sense, the estimates of A for the Spanish TFs are in
line with the figures reported by Vigani and Dwyer (2020) for the English hill and upland farms (0.768). However,
they are much higher than those estimated by Tamirat et al. (2018) for different Dutch TFs, which varied from 0.304
for dairy farms to null values for livestock farming. In any case, the profit persistence in these two studies could be
underestimated since they modeled the PoP using only first-order autoregressive processes, ignoring the impact of
other past profits on farms' current profitability.

It is also interesting to compare the average profit persistence for agricultural holdings to the persistence
estimates found for other sectors within the food value chain. For example, Hirsch and Gschwandtner (2013)
showed relatively low profit persistence estimates for the European food industry, ranging between 0.110 and
0.304, depending on the countries. Similarly, Hirsch and Hartmann (2014) reported a persistence equal to 0.173 for
the specific case of the European dairy processing industry. Notwithstanding, Hirsch et al. (2021) found a higher
profit persistence for the food retail sector in different European countries, with estimations ranging from 0.451 to
0.636.” These authors explain differences in the PoP across sectors as being due to power imbalances within the
food value chain (Hirsch et al., 2021). Thus, the higher degree of profit persistence in food retailing (i.e., lower
intensity of competition) is assumed to be caused by both the higher bargaining power and the higher market power
in comparison with suppliers (i.e., food industry) and final customers.

The estimates found here for the PoP in the Spanish agricultural subsectors are similar to those reported for the
food retail sector by Hirsch et al. (2021). However, the explanation for the apparently low intensity of market
competition cannot be the same since it has been consistently proven that the agricultural sector has low bargaining
and market power in both the upstream (i.e., input suppliers) and downstream (i.e., food industry firms) sectors (for a
review, see Bonanno et al., 2018). Among the reasons for the high degree of profit persistence in the agricultural
sector, the specific characteristic of natural resources needed for farming and the role of public support presumably
stand out. Regarding the first reason, it is worth noting that the heterogeneous quality of agricultural land (i.e.,
diverse agroclimatic characteristics affecting land productivity) and the availability of irrigation water create
differentiated permanent rents for the landowners, allowing a significant share of abnormal farm profits to persist
over time. This is especially relevant in the Spanish case study since the percentage of land owned by the farmers
(58%) is much higher than the EU average (43%) (data from FADN, 2022 for the year 2020). In this sense, it is
expected that the more extensive the agricultural production (i.e., farming systems needing higher land inputs) and
the higher the share of owned land, the higher the farm's profit persistence.

CAP support for farming activity is mainly provided through direct payments to farmers, both decoupled and
coupled. Under CAP arrangements, subsidy payments strongly influence farms' profitability and agricultural profit
dynamics, and represent another key factor explaining the PoP within the European agricultural sector (Kryszak
et al.,, 2021). The reason is that these payments create quasi-permanent rents for farmers, especially because of

decoupled payments that are granted for long periods with only minor changes required, regardless of the farms'

“These two studies assessed the PoP accounting only for first-lagged values of firms' profit. Thus, the values reported could also be
underestimated.
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production levels. It is thus to be expected that the larger the share of decoupled payments in total farm income,
the higher the farm's profit persistence.

The reasons set out above could explain why the TFs with the highest (lowest) profit persistence in Spain were
those that had a prevalence of farms combining an extensive (intensive) production system, a high (low) share of
owned land, and a high (low) share of decoupled payments in total income. The TFs Other field crops (TF16) and
Horticulture (TF20) are good examples of this, representing agricultural subsectors with higher and lower overall
profit persistence, respectively.

Table 4 also shows the estimates for the variables capturing the influence of farms' characteristics explaining
the persistence of abnormal profits. Positive (negative) and significant coefficients point to variables positively
(negatively) affecting farm profitability, leading to farm profits higher (lower) than the average for the TF. Thus,
these results could be discussed in comparison with the vast existing literature focused on the factors influencing
farm profitability (see Tey & Brindal, 2015 for a review). As can be seen, the results obtained are fairly
heterogeneous depending on the TF considered.

Some of the farm characteristic variables that can potentially explain the PoP are worth noting. On the one
hand, only TF20 shows a higher average profit in larger farms (only statistically significant coefficient for TOUTPUT,
the variable used as a proxy for farm size) despite the fact that many studies (including Tamirat et al., 2018; Vigani &
Dwyer, 2020) have reported evidence that larger farms can achieve economies of scale and thus above-average
profits. On the other hand, significant negative coefficients were generally found across TFs for farm investments
(i.e., increase in total farm assets, GROWTHTA). Hirsch and Gschwandtner (2013) reported similar results for the
European food industry, even when we might expect to see a positive relation between investments and profit; a
possible explanation lies in the fact that investments take time to generate profits (Nilsson & Wixe, 2021). In fact,
NROA usually decreases just after an investment is made.

With respect to the personal characteristics of the farmers, practically no TFs showed significant coefficients
for AGE (except a positive coefficient for TF48) and AGTRAIN, even though farmers with more experience or a
degree in agriculture (a proxy for farm management knowledge and skills) could be expected to be in a better
position to make higher profits (Mishra et al., 2009).

The CAPINT and ICINT ratios showed, as expected, opposite results. While farms that need more assets to
obtain the same output have persistent profits below the average (negative and significant CAPINT coefficient for
almost all TFs considered, as in the study by Tamirat et al., 2018), a higher ratio of intermediate consumption boosts
farm profitability (positive and significant coefficients for ICINT, as reported by Kryszak et al., 2021).

Finally, the variable SUBSID was included to test whether CAP payments were properly granted to those farms
needing such support (i.e., less profitable farms) (Piet & Desjeux, 2021). If the coefficient of this variable is positive,
it means that CAP payments make farmers (unnecessarily) richer; if the coefficient is negative, payments are not
enough to cover the profitability gaps. We found positive and significant coefficients for Other field crops and

Granivores, while the coefficients for Wine and Orchards-fruits are negative and significant.

5.2 | Viability persistence

Table 5 shows the results obtained by regressing the NVR indicator using the Blundell and Bond GMM-system
estimator, as a way to assess the “persistence of farm viability.” Similar to the NROA modeling, all parameters
describing the model fit evidence the overall adequacy of the estimates for every TF (see lower panel in Table 5).

Results showed that the persistence of farm viability is also a complex dynamic process that should be modeled
considering several lagged values of the independent variable. In our case study, most of the TFs had three
significant lags, except TF16 (Other field crops), TF20 (Horticulture), TF48 (Sheep and goats), and TF50 (Granivores),
which had only two. As expected, the significant coefficient of the autoregressive variables also followed a
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generalized economic rationale (i.e., positive values in every TF and more recent values of NVR having a higher
impact on current NVR).

Compared with the results obtained for NROA, it is worth pointing out that when modeling NVR, two TFs show
more significant lags (TF15-COP and TF37-Olives) and three TFs show fewer significant lags (TF20-Horticulture,
TF48-Sheep and goats, and TF50-Granivores). These differences can be explained by the different levels of
opportunity costs in each TF. In fact, what the two TFs showing more significant lags have in common is significantly
higher opportunity costs (TF15-COP because of a high share of family labor and TF37-Olives because of a high
share of owned land), while those showing fewer significant lags are characterized by significantly lower
opportunity costs (TF20-Horticulture because of a low share of family labor, and TF48-Sheep and goats and TF50-
Granivores because of a low share of owned land) (see the average values of FAMLAB and LANDOWN variables in
Table Al). Thus, these results suggest that the higher the opportunity costs, the more lasting the momentum in
terms of farm viability (i.e., more significant lagged values of the independent variable).

The average measure of the overall viability persistence (A, see Figure 2) ranges from 0.428 (TF16-Other field
crops) to 0.836 (TF45-Dairy). These differences in viability persistence also indicate heterogeneity within the
agricultural sector, with viability persistence depending on the TF considered.

Again, comparing with the results obtained for NROA, it can be seen that overall profit and viability persistence
are quite similar for most TFs. However, there are significant differences for TF16 (Other field crops), TF20
(Horticulture), TF48 (Sheep and goats), and TF50 (Granivores), for which the average values of overall viability

persistence are much lower than the average values of overall profit persistence. These differences can also be
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FIGURE 2 Distributions of the overall measures of viability persistence (A) by type of farming.
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explained by the differences in labor and land ownership structures characterizing each TF in Spain. These results
show that the higher the opportunity costs, the lower the overall viability persistence, suggesting that subsectors
and farms with large shares of family labor and owned land are less likely to thrive over time.

For the reasons mentioned above, the different TFs analyzed are not ranked the same based on overall
profitability criteria as they are based on viability persistence criteria, since these two concepts assess farms
differently. However, by conducting a Wilcoxon signed ranks test, we can conclude that there was no significant
difference between the rankings, demonstrating that profitability and viability are closely related concepts. In any
case, assessing the viability persistence as proposed is a sounder way to measure farms' robustness and resilience
(Vigani & Dwyer, 2020). Thus, the higher the viability persistence, the higher the resilience of the farms.

As shown in Table 5, the results also provide information about the farm variables that explain values of NVR
persistently above the average for the TF. We can see changes in the significance of the coefficients compared to the
results reported for the NROA. An explanation for this is that the same variables do not necessarily explain farms'

profitability and viability, particularly when analyzing farms with heterogeneous labor and land ownership structures.

6 | CONCLUDING REMARKS

The first contribution of this study is the empirical analysis of the intensity of competition in the agricultural sector
in Spain. The present paper has aimed to fill the gap in the literature on the PoP, which has so far focused on other
economic sectors and countries. The results have revealed some aspects worth emphasizing because of their
novelty compared to other studies.

First, we should highlight the inclusion of several lagged profit variables as explanatory variables in the dynamic
panel model assessing the PoP. In models considering NROA as the dependent variable, statistically significant
autoregressive coefficients were found in all the TFs analyzed, where current profitability is explained by profits
lagged by between 2 and 5 years. Similar results were obtained from GMM-system models accounting for farm
viability (i.e., considering NVR as the dependent variable). Consequently, it is confirmed that both profit and viability
persistence in the farming sector are dynamic and complex processes in which abnormal performances are highly
dependent on the farm profitability and viability over the preceding 2-5 years.

Furthermore, a significantly high overall abnormal profit persistence has been found in all Spanish TFs analyzed,
much higher than that previously found in the food industry but similar in value to the food retailing sector.
Consequently, this indicates weak market competition in Spanish agriculture, which conversely points to the high
resilience of farms. However, the persistence of abnormal profits is highly heterogeneous across TFs, with lower
PoP parameters in Horticulture and Cattle (which implies stronger competition) and higher values in the cases of
Sheep and goats, Other field crops, Olives, and Dairy (TFs with a weaker level of competition).

The second contribution of the empirical analysis performed is the assessment of the persistence of farm
viability by modeling the dynamics of the VR indicator. This indicator makes it possible to consider the farmers'
opportunity costs due to the use of owned resources (mainly land and labor) in their farm, an element ignored by
the ROA indicator. Therefore, this analysis is a valuable complement to the traditional assessment of farms' profit
persistence. The results obtained show common elements in the estimates for the ROA and VR indicators in the
different TFs analyzed, mainly in the structure of significant lags, which mostly reach three periods. This implies an
evident relationship between profitability and viability. However, there are differences in the significant
independent variables explaining the dynamics of these two indicators of farms' economic performance. The
differences found are mainly explained by the heterogeneity in farms' land ownership and labor structures, which
mean the explanatory factors of profitability and viability cannot be the same.

The analysis performed provides valuable results for policy decision-making. In this sense, the results provide
useful insights on which to base changes to the subsidies and incentives granted by the agricultural policy. Since we

have detected farms whose CAP payments are above or below the appropriate level to guarantee average
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profitability and viability, the reported evidence could be used to better tailor CAP payments. The results can also
support decisions regarding competition policy, especially with respect to agricultural exceptions to competition
law. For instance, for those TFs that have registered weaker market competition, it would be helpful to check
whether reasons such as reducing asymmetries in the market and bargaining powers (e.g., Dairy) or increasing
farmers' income (e.g., Sheep and goat) actually justify current exceptions to competition law. This is clearly a fruitful
avenue for further research, as Velazquez and Buffaria (2017) pointed out. Similarly, these results can be useful for
policymakers in pointing out the agricultural subsectors where government programs should be implemented to
overcome barriers to entry, providing another way to promote competition.

This study is not without limitations, derived from the data and estimation methods. On the one hand, it is
worth noting the potential shortcomings related to the farm sample considered for data gathering. The RECAN
ignores microfarms (annual SGM lower than 8000 euros), which may result in a bias leading to the overestimation of
the PoP (Hirsch, 2018; Tamirat et al., 2018). Moreover, given that most of the farms sampled stayed in the RECAN
sample for long periods (an average of 7.1years), estimations could be affected by survivorship bias
(Linnainmaa, 2013), which again could lead to an overestimation of the PoP. It should also be pointed out that
the GMM-system estimator used relies on several key assumptions, some of which are unlikely to be met in the
case of the agricultural sector. The most notable is the assumption of the stationarity of the mean of the cross-
sectional data (i.e., each farm should have reached its natural profit rate and be in a steady state at the beginning of
the sample period). To overcome this type of limitation, authors such as Allison et al. (2017) and Williams et al.
(2018) propose the implementation of the maximum likelihood structural equation modeling approach as an
alternative to the GMM estimators. Under less restrictive conditions, it is expected to obtain more accurate and
unbiased results. Therefore, this represents another future line of research in the analysis of profit and viability

persistence, which can provide more robust results.
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APPENDIX A

TABLE Al

Variable
ROA

VR
TOUTPUT
TASSEST
GROWTHTA
LEVERAGE
GEAR

AGE

SEX
AGTRAIN
FAMLAB
LANDOWN
IRRIG
ALTITUDE
LFA
CAPINT
LABINT
ICINT
OUTSOUR
ORGANIC
SUBSID
DIVERS

Variable
ROA

VR
TOUTPUT
TASSEST
GROWTHTA
LEVERAGE

GOMEZ-LIMON T AL.

Descriptive statistics of the variables included in the models by types of farming.

TF16. Other field

TF36. Orchards-

TF15. COP crops TF20. Horticulture TF35. Wine fruits
Average St.Dev. Average St.Dev. Average St. Dev. Average St.Dev. Average St. Dev.
9.04 9.81 11.67 12.55 16.93 17.04 11.97 10.07 12.95 13.81
0.83 0.87 1.03 1.03 1.36 1.54 112 0.94 1.21 1.33
58.37 79.13 84.75 145.69 172.77 44461 65.55 79.34 123.08 458.41
393.99 654.14 409.61 709.97 500.21 1456.24 361.48 409.35 426.65 955.73
1.52 17.43 3.11 19.36 6.92 134.51 3.01 16.30 4.17 34.55
3.74 10.60 3.76 9.39 4.16 1753  1.93 6.43 3.05 17.08
6.30 70.01 6.18 2686 1345 48430 1.99 5347 13.08 498.15
56.51 11.99 54.82 12.09 51.80 11.87 54.77 12.15 55.88 12.82
0.03 0.18 0.05 0.22 0.07 0.26 0.06 0.24 0.04 0.20
0.10 0.30 0.11 0.31 0.20 040 0.06 0.24 0.18 0.38
91.07 19.36 86.54 22.81 59.77 29.52 69.24 23.06 65.40 30.29
63.17 38.16 59.31 38.84 67.13 40.78 87.70 26.16 82.77 32.31
25.69 37.29 58.01 39.52 61.85 42.78 774 21.91 71.21 38.91
0.71 0.45 0.56 0.50 0.44 050 0.86 0.35 0.43 0.50
0.68 0.46 0.53 0.50 0.54 050 0.64 0.48 0.43 0.49
9.30 15.22 7.43 8.18 4.78 12.00 6.93 7.65 9.36 109.48
0.07 0.83 0.06 0.07 0.08 1.08 0.08 0.06 0.10 1.31
0.70 0.91 0.69 0.38 0.48 1.15 0.30 0.32 0.50 4.06
12.20 1132  13.89 1320 26.73 17.02 31.06 2044 2537 18.86
0.04 0.20 0.02 0.15 0.11 031 0.08 0.28 0.11 0.31
26.64 1411 2391 17.68 491 10.50  8.96 10.72  10.50 15.85
2.35 15.36 1.69 7.83 0.38 385 0.85 5.67 0.00 16.72
TF48. Sheep and
TF37. Olives TF45. Dairy goats TF49. Cattle TF50. Granivores
Average St.Dev. Average St.Dev. Average St. Dev. Average St.Dev. Average St. Dev.
12.18 11.60  10.88 8.78  15.09 12.33 9.49 8.53  15.05 14.89
1.31 1.35 1.12 0.96 1.15 0.94 0.80 0.81 1.47 1.55
61.20 129.24 22350 25401 8802 11826 7340 22120 277.79 536.40
410.74 79972 59810 48871 34771  359.18 392.32 595.56 535.90 655.08
2.83 15.99 0.53 15.12 2.01 18.28 1.18 15.34 5.49 33.22
0.43 2.78 4.58 9.44 4.04 10.50 3.47 9.83 10.21 22.86
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TABLE A1 (Continued)

TF48. Sheep and

TF37. Olives TF45. Dairy goats TF49. Cattle TF50. Granivores
Variable Average St.Dev. Average St.Dev. Average St. Dev. Average St.Dev. Average St. Dev.
GEAR 1.49 61.23 6.51 18,55 11.67  433.58 6.19 53.70 15.00 414.25
AGE 58.12 11.27 52.29 10.22 53.88 11.48 52.90 11.47 52.83 11.33
SEX 0.18 0.38 0.08 0.27 0.06 0.23 0.12 0.33 0.08 0.27
AGTRAIN 0.14 0.34 0.11 0.31 0.09 0.28 0.09 0.28 0.21 0.41
FAMLAB 62.70 2640 87.04 2386 85.96 2336 91.26 20.80 80.13 30.17
LANDOWN  85.67 29.84  52.60 3790 45.75 42.68 43.13 40.86  39.49 44.29
IRRIG 27.28 4029 4.15 17.33 4.39 16.73 2.50 11.77 1151 27.80
ALTITUDE 0.71 0.46 0.60 0.49 0.80 0.40 0.74 0.44 0.64 0.48
LFA 0.70 0.46 0.84 0.37 0.90 0.31 0.89 0.31 0.61 0.49
CAPINT 9.46 9.61 3.80 10.91 5.96 9.71 8.05 29.53 3.66 3.77
LABINT 0.09 0.08 0.03 0.11 0.06 0.07 0.08 1.13 0.03 0.04
ICINT 0.41 0.26 0.74 0.88 0.65 0.39 0.78 1.33 0.56 0.27
OUTSOUR 29.65 17.47 4.48 595 10.39 10.88 9.45 10.36 8.61 11.94
ORGANIC 0.27 0.45 0.02 0.14 0.07 0.26 0.07 0.26 0.03 0.17
SUBSID 24.08 1499  11.90 7.83  20.76 15.80 28.82 2247 4.56 7.81
DIVERS 0.14 2.06 7.37 1286 13.72 2275 15.85 20.26  13.89 22.04

Abbreviations: AGE, farmer's age; AGTRAIN, farmer's practical experience or formal training; ALTITUDE, farm altitude
location; CAPINT, total assets/total output; COP, cereals, oilseeds, and protein; DIVERS, other farm output/total farm
output; FAMLAB, family labor/total farm labor; GEAR, total liability/owner's equity; GROWTHTA, % of increase in total
farm assets; ICINT, intermediate consumption/total output; IRRIG, irrigated area/total farmland; LABINT, total labor in
working hours/total output; LANDOWN, owned land/total farmland; LEVERAGE, total debt/total assets; LFA, less favored
area; ORGANIC, implementation of organic production; OUTSOUR, cost of practices subcontracted/total costs; RECAN,
red contable agraria nacional; ROA, return on assets; SEX, farmer's sex; SUBSID, subsidy payments/total farm income;
TASSEST, total farm assets; TF, type of farming; TOUTPUT, total farm output; VR, viability ratio.
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