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Chapter 1 - Introduction

1.1 Background

1.1.1 Modern agricultural markets

For long, markets for agricultural products have been seen as prime examples of
competitive markets (Bonanno et al., 2018a). This is largely based on the idea that all
sellers and buyers in agricultural markets are price-takers, and are therefore unable
to influence pricing (Sexton, 2013). Moreover, it is often assumed that agricultural
products are homogeneous, supplied by anonymous and homogeneous firms (Levi et
al., 2020). The modern reality of agricultural production however strongly contrasts
this idea of homogeneous, competitive markets (Sexton, 2013; Bonanno et al.,
2018a). Various studies therefore point at inconsistencies with these assumptions in
the food supply chain, such as market power and concentration among retailers (e.g.
Assefa et al., 2017; Saitone and Sexton, 2017). Sexton (2013) and Myers et al. (2010)
in particular mention concentration in the food industry, a larger focus on product
quality as well as increased usage of vertical coordination mechanisms as key trends
in modern agricultural markets.

Underlying most of these transitions is the diminishing scarcity of food in
Western societies combined with a higher purchasing power of most consumers (e.g.
Koning et al., 2008; Hertel, 2011). The differentiated demand from consumers, but
also the stronger pressure from society and policy-makers (such as the increased
environmental regulations for agriculture production) have led to a shift in focus from
production capacity to quality aspects and the external effects of production
(Schneider et al., 2014). As a result of these shifts in underlying production
constraints, agricultural producers constantly have to adapt (Herzfeld and Jongeneel,
2012). In modern agricultural markets, however, primary producers are not only
subject to a changing environment, they also have the ability to adapt themselves, by
e.g. specifically focusing on the quality of the product, or by applying more
environmental-friendly production methods. Consequently, firms are able to apply
different strategies, which increases heterogeneity among firms (Martinez-Cillero et
al., 2019). Hence, also agricultural economists studying agri-food markets need to
provide new tools and methods in order to study these changing markets (see e.g.
Bonanno et al., 2018a) and trade in assumptions on homogenous products, prices and
responses by allowing for more heterogeneity in studying the agricultural production
and marketing process (Koutchade et al., 2018).

In addition, the Industrial Organization literature has increasingly paid attention
to the embeddedness of primary producers in food supply chains (Sheldon, 2019;
Barkley, 2019). The farm is therefore no longer seen as a separate, homogeneous
entity operating on an anonymous market, but rather as an increasingly complex
system, embedded in changing institutional environments and highly volatile markets.
As a result of these developments, the farm itself also becomes more complex. This is
reflected, among other things, in the growing number of farms operating under shared
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Chapter 1 - Introduction

ownership, with separate management layers. Vice versa, a single farmer can also
operate a farm in multiple locations. Such complex farm structures, with a broadening
of commercial activities, are particularly found in the pig and poultry industry as well
as in horticulture (Poppe and Vrolijk, 2019). The next section discusses the Dutch
horticultural sector as example par excellence of a modern agricultural sector.

1.1.2 Dutch horticulture and modern agricultural markets

Glasshouse horticulture differs from other agricultural sectors in the Netherlands since
the production of potted plants, flowers, fruits and vegetables takes place in (mostly
heated) glasshouses. Moreover, these products are often grown in protected and
soilless systems, using substrate such as rockwool in order to grow plants (Incrocci et
al., 2006). Within the Netherlands, horticulture has been an economically important
sector for decades, particularly in the southwest of the country (Berkers and Geels,
2011), although new horticultural clusters have emerged throughout the country (CLO,
2019). The latter contribute to the further development and expansion of glasshouse
horticulture. Where the total production area of a number of crops has decreased over
the years, the production of vegetable crops such as tomatoes, peppers and
cucumbers is a stable factor in Dutch horticulture. For example, the total area of
glasshouse vegetables has grown from 4200 hectares in 2000 to 5000 hectares in
2019 (Jukema, 2019). Despite the fact that the cultivation area in hectares is still
rather small, the intensive production does contribute a clear share of the total Dutch
economic production value and employment. For example, glasshouse horticulture
employs more than 125 000 workers at peak times in production, and the sector has
a share of over 1% in both total Dutch added value and total Dutch employment
(Jukema, 2019).

The sector is strongly oriented on exporting its products, which means operating
in a very competitive environment without major support payments from the Common
Agricultural Policy (CAP). More than 80% of the added value of the greenhouse
horticulture complex is related to such exports (Wageningen Economic Research,
2019a). In addition, the sector makes intensive use of energy as the production of
vegetables takes place in mostly heated glasshouses. As a result, nearly 9% of the
total domestic usage of natural gas in the Netherlands is used by the glasshouse
horticultural sector. Moreover, it accounts for 4.5% of the total CO2 emissions (Verreth
et al., 2015). Since production takes place in an environment with mostly affluent
consumers, it is not surprising that there is a strong demand for differentiated specialty
products as well as environmental-friendly products (Erjavec and Lovec, 2017; Kirova
et al., 2019). As a result, the constraints in which production takes place are subject
to constant change (Herzfeld and Jongeneel, 2012). The most important developments
are summarized below in order to point out why one can regard Dutch greenhouse
horticulture firms as operating in a modern agricultural market.
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Chapter 1 - Introduction

Product differentiation

The emergence of specialized products for niche markets such as cherry tomatoes,
shack cucumbers and sweet pointed peppers ensures that, in addition to the classic
orientation towards volume in production, there is also room for new and more
differentiated products. This is particularly the case in tomato production, due to the
active role of the breeding sector in developing new varieties (Dehnen-Schmutz et al.,
2010). This has contributed to the heterogeneity of these products.

Firm heterogeneity

Despite the clear trend towards scale enlargement, traditional family farms are still
central in Dutch glasshouse horticulture. However, they coexist with farms with distinct
organizational structures (Poppe and Vrolijk, 2019) and more complex relations with
retail partners. Some of the larger firms are able to ensure year-round delivery of fresh
products to retail partners due to production at different locations (also in Southern
Europe and Northern Africa). Furthermore, an increasing number of firms uses artificial
growing light in order to deliver products off-season (Nichols, 2017). Such
developments also result in more contractual relationships with retail partners in
favour of simple coordination mechanisms such as spot markets (Crespi et al., 2012;
Bonnano, 2018). These differences in firm strategy and structure also contribute to
firm heterogeneity. This may also lead to heterogeneous responses to changes in
policies or market conditions.

Societal pressure and production methods

Agricultural firms are facing strong societal pressure to take the environmental effects
of production into account (Pons et al., 2013; Nishitana et al., 2014). This is
particularly the case as new climate policies stress that urgent actions are required in
order to reduce global warming (Falkner, 2016). Reducing greenhouse gas emissions
in the coming decades is a main policy concern (Cuchiella et al., 2018) that will
particularly affect horticultural production given its high energy intensity. Note that in
the context of Dutch horticulture the societal pressure not only has its effect on energy
usage, but also applies to the usage of external labour, as particularly the working and
living conditions of migrant workers are a societal concern (Brinkmeier, 2011). Both
these developments result in stronger pressure from society on the production process
of horticultural firms.

Primary production and (vertical) integration

In order to finance further expansions, the dependence of horticultural firms on
external credit is very high. This is particularly the case given the capital intensity of
the sector, with e.g. the use of high-quality climate systems in order to control crop
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growth (Van der Meulen et al., 2007). Combined with some of the developments
described above, such as contact with retail partners and the relation with breeding
companies, these developments underline the interdependence among different
partners in the supply chain.

1.2 Problem statement

The previous section discussed recent developments in Dutch horticulture and showed
that Dutch horticultural firms operate in markets that can hardly be classified as
perfectly competitive markets. Most notably this is the case given the lack of
homogeneity in both products delivered as well as in firm structures. The latter also
suggests that primary producers are likely to respond differently to price signals and
changes in institutional environments (Finger and El Benni, 2020; Reidsma et al.,
2010). Although a variety of studies pay attention to these developments, most
empirical research in agricultural economics still assumes that firms respond
homogeneously to external changes, as these effects are most often modelled as fixed
slope coefficients, which are common to all firms (Koutchade et al., 2018). The main
goal of this thesis is therefore to study these firm-specific developments, both in the
ability of firms to differ in their market positioning as well as in how they respond to
changes in the institutional and financial environment.

The research design is explained in figure 1.1, which provides an overview of
the impact of changes in the outside environment on decisions and outcomes at firm-
level. It should be noted though that this figure does not aim to provide an exhaustive
overview of all relationships among primary producers and other parties. Given the
focus of this thesis, the three environments that are most relevant for the primary
producer, namely the financial, institutional and market environment, are depicted.
The lines between these external environments and the internal firm structure refer to
the specific research objectives (RO) of this thesis, which are more clearly defined in
section 1.3.

Most studies in agricultural production emphasize the weak position of primary
producers in the relationship with their external environment. For example, it is often
noted that the bargaining power of primary producers in relation to suppliers and
buyers is very weak (Assefa et al., 2017). However, limited attention is paid to
potential differences between primary producers. Figure 1.1 should therefore not only
be seen as a force field in which the external environment only exerts its pressure on
the primary producer, but also as an arena in which firm heterogeneity is central. This
can either relate to heterogeneity in outcomes (for example by looking at structural
differences in obtained output prices between firms), heterogeneity in responses (with
regard to changing policies) as well as the heterogeneity in various conditions (e.g. by
considering firm-specific conditions in order to obtain external credit).
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Figure 1.1: Approach for studying the relation between external environments and the internal firm environment
in Dutch horticulture.

Starting with the linkage between the market environment and firm structure (RO1),
it is important to emphasize that many horticultural firms have grown considerably in
size in recent decades. Traditionally, firm growth is explained by assuming that firms
want to benefit from economies of scale, given that the larger size of production lowers
the fixed production costs (e.g. Kimura and Le Thi, 2013). It is however unclear
whether the same dynamics also hold true for the recent growth of horticultural firms,
as empirical studies in Dutch agriculture show that cost reductions due to scale
economies often decline when firms grow even further. The largest average cost
reductions are often found between small and medium-sized firms rather than between
medium- and large-sized firms (Van der Meulen et al., 2011). Given the further
integration of primary producers and other partners in the food chain, such as retailers,
a possible explanation for these changes in firm structure might also be found in the
advantages of large-scale production on the revenue side.

When considering the impact of the market environment on firm output (RO2),
it should be noted that primary producers communicate with retail partners and input
suppliers in the form of input and output prices. A wide variety of empirical research
shows that primary producers are subject to price volatility in both input and output
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markets (e.g. Kirali and Power, 2013). Very few empirical studies however pay
attention to the extent to which primary producers can deviate from these price
developments and differentiate themselves in markets and obtain higher output prices.
Doing so, allows for examining potential heterogeneity in market positioning and hence
in firm-specific outcomes.

The heterogeneity in the relation between the institutional environment and the
production process of producers (RO3) rather lies in the individual responses of firms
to policy changes. In this light, the position of Dutch horticulture sector as a main
consumer of energy forms an important aspect (Verreth et al., 2015). Given this
position, stricter climate and energy policies will irrevocably affect the production
structure of glasshouse horticulture. The policy proposals to raise taxes on non-
renewable energy sources (e.g. Dutch Climate Agreement, 2019), aim to impact
relative energy input prices as there are particular incentives to reduce the usage of
natural gas. This in turn is likely to lead to heterogeneous responses in energy input
usage at firm-level, given the large differences in firm structure and production
methods between firms.

With respect to the relation between the primary producer and the financial
environment, the examined heterogeneity rather resides in the conditions needed for
obtaining credits (RO4). This is in particular relevant given recent and forthcoming
developments in the financial world (such as the Basel III and Basel IV agreements)
which put additional emphasis on the liquidity and financial structure of the firm (e.g.
Amorello, 2016). In contrast to traditional financing literature, which for long assumed
unlimited access to capital (e.g. Modigliani and Miller, 1958), this causes firm-specific
capital structures to become more important. This impacts the decision to invest or
not and hence causes further heterogeneity in firm structure. Moreover, the resulting
capital structure is also expected to affect firm-specific outcomes, in terms of firm
efficiency and actual performance (RO5), as these are known to be affected by
differences in capital structures (e.g. Gadanakis et al., 2019).

Summarizing the above, the diverseness of a modern agricultural market is not
only expected in the heterogeneity in outcomes (e.g. differences in obtained output
prices between firms), but also in heterogeneous responses (with regard to changing
policies) as well as in heterogeneity in conditions and requirements (e.g. by
considering firm-specific constraints in order to obtain external credit). Although
developments in different external environments are likely to affect choices made by
primary producers, it is questionable whether producers are subject to changes in
conditions in the same manner, given the large heterogeneity in both production
strategy and firm structure (Reidsma et al., 2010; Finger and El Benni, 2020).
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1.3 Objectives of the thesis

Resulting from the developments described above, the overall objective of this thesis
is to analyse heterogeneous and firm-specific behaviour of Dutch horticultural firms
operating in changing market, institutional and financial environments. This thesis
does so by addressing the following sub-objectives:

i Describe heterogeneity in firm structure by analysing underlying drivers of firm-
growth

ii.  Analyse heterogeneity in market positioning between firms via differences in
output prices

iii. Examine heterogeneous firm responses due to changes in relative energy prices
as a result of changes in institutional framework conditions

iv. Examine the impact of firm-specific credit conditions for understanding
investment behaviour

v. Evaluate the impact of differences in capital structure on firm performance

As also shown graphically in figure 1.1, the first two sub-objectives specifically target
the interaction between the primary producer and the market environment. The third
sub-objective, on the other hand, looks at the relationship between the production
process of the primary producer and changes in the institutional environment. The last
two sub-objectives specifically focus on the interaction between the financial
environment and the primary producer, addressing investment behaviour (research
objective 4 on differences in firm structure) and firm performance (research objective
5 on differences in firm output). All these five sub-objectives are addressed in the main
body of the thesis in separate chapters.

1.4 Methodological approach

In order to achieve the objectives mentioned in section 1.3, microeconomic theories
on firm behaviour are used as theoretical background for understanding the decision
making process at firm level. Building upon these theories, various micro-econometric
techniques are applied which allow for modelling heterogeneity in units and their
behaviour.

For meeting the first objective of the thesis, the production of primary producers
is analysed by studying both their cost structure, as well as the differences in firm
revenues. This is done for firms of different size groups. Based on a descriptive analysis
of cost shares between firms, a Tukey Honest Significant Difference (HSD) test is
applied in order to analyse structural differences between the identified groups.

The second objective is analysed by constructing a heterogeneous price
equation. Where traditional micro-economic theory assumes that producers are price-
takers, recent price data in Dutch horticulture in contrast reveals large differences in
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the obtained output prices between producers. A Markov transition analysis is applied
in order to study the structural character of this price distribution over time. Moreover,
a hybrid panel model is estimated for examining the impact of firm-specific
characteristics on the price distribution. In contrast to conventional Fixed Effects (FE)
panel models, a hybrid model allows for the inclusion of firm-specific factors that
remain relatively stable over time (Schunck, 2013), such as firm size and
organizational structure.

In order to meet the third research objective, it is first assumed that producers
aim to minimize their production costs in the short-run. This assumption corresponds
to the context of Dutch horticulture, given that production capacity is largely
determined by the total acreage of glasshouses, which cannot be adjusted easily in
the short-run. Using a normalized quadratic cost function, a system of demand
equations for the main energy inputs, namely (natural) gas and electricity, is obtained.
Consequently, relative input prices are considered for analysing the impact of relative
price changes as a result of a proposed taxation on natural gas (Climate Agreement,
2019). Where the impact of more restrictive climate polices is mostly estimated at
aggregated level (e.g. Baker et al., 2010; Babcock, 2015) the usage of a Bayesian
random coefficient model allows for estimating firm specific price parameters in the
system of energy demand equations. As a result, heterogeneity in responses to these
relative price changes can be taken into account. As earlier described, conventional
models in agricultural production assume homogeneous responses based on fixed
slope parameters (Koutchade et al., 2018) and hence are unable to cope with firm-
specific responses. These firm-specific responses however might be very relevant
given the differences in e.g. energy systems, energy contracts and production
strategies between firms. Applying a random coefficient model allows for capturing
this heterogeneity in firm responses in order to meet the third research objective.

The impact of firm-specific credit conditions on investment decisions is studied
by expanding a theoretical dynamic model of investment with firm-specific financial
variables. The most frequently used procedure to evaluate the profitability of an
investment is by using the Net Present Value method (NPV), where investments are
considered as economically feasible if the annual net cash flow exceeds both the
principal and interest payments (Magni, 2009). Since traditional financing literature
for long assumed unlimited access to capital (e.g. Modigliani and Miller, 1958), the
role of firm-specific credit constraints in investment decisions and NPV calculation is
often neglected (Henning and Jordaan, 2016). This however becomes problematic in
the context of Dutch agriculture, as firms are often dependent on external credit in
order to finance their investments, given the high capital intensity of the sector
(Skevas et al., 2018a). Since banks and other credit suppliers often put additional
emphasis on the financial structure of the firm, the NPV of an investment is likely to
depend on firm-specific financing costs. In order to address this heterogeneity, a
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theoretical dynamic model of investment is expanded with firm-specific financial
variables. Estimating this intertemporal condition via a panel Tobit-model allows for
examining the relation between primary producers and their financial environment (in
particular credit suppliers), which is important given the larger focus on firm-specific
elements as cashflows for obtaining credits.

The fifth objective requires the analysis of firm efficiency. This is done in a non-
parametric manner via Data Envelopment Analysis (DEA), which allows for including
firm-specific factors in the second stage of the analysis. Consequently, this enables to
examine the impact of differences in capital structures and debt position on firm
efficiency (see e.g. Davidova and Latruffe, 2007; Gadanakis et al., 2019). Further
elaborating on the previous research objective, examining the relation between debt
and efficiency is particularly relevant in the context of capital intensive sectors such
as Dutch horticulture given the high financial risks involved.

1.5 Outline of the thesis

The remainder of the thesis is organized as follows. All the research objectives stated
in section 1.3 are addressed in one of the chapters of this thesis (chapters 3 to 7).
These main chapters are preceded by an additional introductory chapter. Chapter 2
pays attention to the specific study area and the data used in the subsequent chapters.
Furthermore, it provides a discussion on the use of alternative data sources compared
to classical farm survey data as for example collected in farm accountancy data
networks. Following the main body of the thesis, chapter 8 provides overall conclusions
on the main findings and discusses policy and research implications that go beyond
the findings discussed in the individual chapters.
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Chapter 2

Data and the study area
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2.1 Data in agricultural production research

For assessing impacts and responses at firm-level, production and input data from
individual firms is required. The majority of empirical studies in agricultural production
studies research relies on surveyed firm-level data, such as Farm Accountancy Data
Network (FADN) data (Roesch and Lips, 2013). A large drawback of collecting data in
this manner relates to the large amounts of financial and human resources needed in
order to maintain the data, as well as the problem of non-response (Ge et al., 2018).
Hence, there is a considerable risk that a large share of firms are left out of the
analysis. Via various weighing procedures applied to the collected data, the overall
data might be representative and adequate for showing trends at sectoral-level, yet it
complicates showing the underlying variability within agricultural subsectors. Vrolijk
and Poppe (2016) argue that this is in particular worrisome in the case of agricultural
sectors with a large dispersion in firm size. Hence, indicators such as averages become
more difficult to interpret (Lund and Price, 1998).

In particular in studying heterogeneity within a sector, it is therefore
indispensable to exploit firm-level data with sufficient observations for individual firms.
Consequently, the usage of classical survey data is problematic. This holds especially
in the case of horticultural sectors with large differences between firms, e.g. in the
actual crops grown as well as in organizational structure of a firm (e.g. Poppe and
Vrolijk, 2019). Hence, using surveyed data sources such as the FADN has its
limitations, given that they e.g. only capture 23 bell pepper, 23 cucumber and 27
tomato firms in 2015 in the Netherlands (Ge et al., 2018). Depending on the specific
crop, this is between 13% and 16% of the total number of firms. The low percentage
itself is not necessarily problematic, yet the low absolute number of firm observations
per crop strongly complicates the use of econometric techniques, which require
sufficient firm-level observations.

In order to overcome these problems, the empirical analysis in this thesis relies
on firm-level data derived from the Analysis Tool Rabobank (ATR). Rabobank, as the
largest credit supplier in the agricultural sector in the Netherlands (Groeneveld, 2016),
holds track of the accountancy data of a large number of firms in the sector. As an
example, ATR contains 92 of the 190 active vine tomato producers in 2010, 83 of 276
cucumber firms and 140 of 322 bell pepper firms. This ensures both a large number
of absolute observations, as well as a high percentage of the total humber of firms,
with — depending on the specific product — between 30 and 50% of the total humber
of producers included. A potential drawback is that the available data is not stratified
or weighed such as the FADN data, causing potential risks in terms of generalizability.
However, the large number of firms and the high percentage covered per crop allow
for a better examination of firm-specific responses and outcomes and moreover ensure
that overall sectoral trends are captured by the data. Hence, the next section provides
a further background of the origin of the data used and the study area.
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2.2 Data and the study area

The empirical analyses in this thesis focus on vegetables grown in glasshouse
horticultural firms in the Netherlands, with particular attention for the three main
crops: cucumber, bell pepper and (vine) tomato. Table 2.1 shows the total number of
firms and total production area for the Netherlands, based on numbers of Statistics
Netherlands (2020). Furthermore, it provides the number of firms and total production
area covered by the ATR-database, and the percentage of the production area and the
number of firms covered. For all products, the total number of firms decreases over
the years, particularly for bell pepper and cucumber producers. With respect to the
total production area in hectares, there is a considerable growth in vine tomato
production, whereas the production of bell pepper and cucumber declines from 2010
onwards. During this period some of the latter firms also switched to the production
of vine tomatoes (Kas Magazine, 2017).

Depending on the specific product, the area covered by the ATR-database is
roughly between 45% (cucumbers) and 70% (vine tomatoes) of the total production
area of those specific products. The percentage of firms covered by the database is
somewhat lower, indicating that the average firm size in the ATR-database is higher
compared to the overall average firm size. This can largely be explained as smaller
(and most often less modernized) firms are not included in the dataset given their
lower dependence on external credit. Furthermore, note that for 2015, the actual
number of observations (and hence the production area covered) is lower given the
unavailability of data at the start of the research.

Table 2.1: Comparison of production area and number of firms between ATR-dataset and total production (based
on Statistics Netherlands) during the study period (2008-2015).
Bell pepper 2008 2009 2010 2011 2012 2013 2014 2015

StN  Area (ha) 1184 1331 1402 1357 1313 1243 1162 1163
No. of firms 373 348 324 300 288 266 248 246

ATR Area (ha) 732 841 979 906 845 823 794 515
No. of firms 134 140 140 125 118 112 97 58
%-area 61.90 63.19 69.89 66.82 64.41 66.21 68.38 44.36
%-firms 35.92 40.22 43.21 41.67 40.97 42.10 39.11 23.57
Vine tomato

StN  Area (ha) 1077 1046 1148 1171 1191 1256 1259 1259
No. of firms 223 200 190 207 201 208 191 190

ATR  Area (ha) 604 734 883 864 861 884 825 518
No. of firms 75 82 92 90 89 90 71 42
%-area 56.14 70.18 76.96 73.81 72.36 70.42 65.56 41.15
%-firms 33.63 41.00 48.42 43.47 44.27 43.26 37.17 22.10
Cucumber

StN  Area (ha) 621 625 663 655 621 615 597 544
No. of firms 310 292 279 274 253 246 234 221

ATR  Area (ha) 292 307 317 297 289 273 232 118
No. of firms 84 87 84 76 71 65 47 24
%-area 46.95 49.08 47.77 45.38 46.56 44.41 38.85 21.75
%-firms 27.09 29.79 29.74 27.73 28.06 26.42 20.08 10.85

Source: Statistics Netherlands (2020a) and Rabobank (2016).
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It is important to note that almost all these firms are specialized producers, meaning
they most often only grow one specific product. Figure 2.1 first shows the development
in product revenue per square meter for the three studied products during the studied
period. Depending on the specific production system, most cucumber producers are
able to grow around 170 to 200 cucumbers per square meter per year, with producer
output prices around €0.25 per piece. This results in average product revenues around
€45 per square meter. As also shown in tables 2.2-2.4, this fluctuation in revenues
coincides largely with the volatility in output prices. Vine tomato firms are most often
able to obtain similar revenues per square meter, while bell pepper firms are on a
somewhat lower level, with average production levels around 30 kilogram per square
meter and average output prices close to €1 per kilogram.
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Figure 2.1: Average product revenue per square meter for the studied crops (period 2008-2015).

When considering the production levels over time, the production per square meter of
vine tomatoes and bell pepper remains relatively stable during the observation period.
Note however that this period also coincides with the larger focus on product quality
and taste, which can be at odds with further productivity-increases. The fact that the
standard deviations for the average production levels for vine tomato firms grow over
time, also points at a growing divergence in production orientation between firms.
For cucumber firms, there is however a more clear increase in productivity over
time as measured by the kilogrammes produced per square meter. This is partly due
to the more widespread use of high-wire cultivation in the later years. This ensures
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that plants grow more into the height, which enables a more efficient growth of the

cucumbers (Bac et al., 2014).

Table 2.2: Production results for cucumber firms (2008-2015).

Year

2008
2009
2010
2011
2012
2013
2014
2015

Average output
price (€)
0.23 (0.02)
0.21 (0.05)
0.27 (0.04)
0.19 (0.04)
0.24 (0.03)
0.25 (0.02)
0.21 (0.02)
0.28 (0.02)

Production in
pieces
172.0 (19.3)
170.3 (27.1)
170.1 (27.4)
167.5 (35.2)
178.7 (35.4)
178.8 (23.8)
194.2 (28.5)
193.2 (34.7)

Product revenue

39.08 (9.18)
35.94 (9.42)
48.54 (9.92)
33.43 (8.70)
42.97 (10.30)
46.84 (11.49)
40.36 (10.95)
56.33 (9.16)

EBT

-3.39 (6.11)
-6.73 (7.31)
5.05 (5.98)
-5.90 (6.39)
0.34 (5.75)
3.00 (4.05)
-1.92 (5.83)
11.60 (6.30)

Note: the production numbers are presented in pieces per square meter. The product revenue and net operating
profit are measured in € per square meter. Standard deviations are provided between brackets.

Table 2.3: Production results for bell pepper firms (2008-2015)

Year

2008
2009
2010
2011
2012
2013
2014
2015

Average output
price (€)
1.22 (0.10)
0.82 (0.12)
1.14 (0.12)
1.02 (0.08)
1.11 (0.09)
1.32 (0.11)
1.04 (0.13)
1.26 (0.13)

Production in kg

29.87 (3.69)
31.02 (2.80)
29.40 (2.79)
31.76 (3.60)
30.99 (3.04)
30.68 (3.50)
31.80 (3.62)
31.73 (3.75)

Product revenue

37.56 (10.62)
26.90 (9.73)
34.88 (8.72)
33.87 (8.59)
35.04 (5.53)
40.39 (8.31)
34.15 (6.91)
40.80 (5.50)

EBT

0.52 (6.47)
-8.86 (6.08)
0.70 (5.56)
-0.36 (5.35)
0.43 (4.09)
5.18 (5.18)
1.32 (4.88)
8.30 (3.22)

Note: the production numbers are presented in kilograms per square meter. The product revenue and net
operating profit are measured in € per square meter. Standard deviations are provided between brackets.

Table 2.4: Production results for vine tomato firms (2008-2015)

Year

2008
2009
2010
2011
2012
2013
2014
2015

Average output
price (€)
0.80 (0.32)
0.68 (0.30)
0.91 (0.28)
0.70 (0.44)
0.94 (0.42)
0.75 (0.37)
0.83 (0.33)
0.91 (0.32)

Production in kg

54.88 (9.84)
56.15 (11.17)
54.90 (10.82)
54.97 (13.28)
54.46 (11.77)
54.77 (13.36)
56.41 (15.07)
56.49 (14.61)

Product revenue

42.12 (5.69)
36.70 (8.39)
49.02 (11.36)
36.71 (13.70)
48.27 (14.84)
38.37 (10.77)
43.84 (8.80)
49.29 (10.29)

EBT

-1.12 (6.37)
-4.37 (7.68)
9.78 (8.00)
-2.13 (8.70)
4.60 (6.86)
-3.31 (6.90)
3.57 (5.85)
8.03 (5.77)

Note: the production numbers are presented in kilograms per square meter.

The product revenue and net

operating profit are measured in € per square meter. Standard deviations are provided between brackets.

Next to the average production and price levels, tables 2.2, 2.3 and 2.4 also provide

an overview of the average operating results (or EBT, earnings before taxes). This is
calculated by subtracting the operating expenses and debt and interest payments from
the product revenue. In order to enable comparison between firms of different sizes,
these are divided over the total area of glasshouses in square meters. The low and
often negative operating profits particularly stand out. They are predominantly low in

years with low average output prices. This points at the fragile financial situation of

most horticultural firms. In years with higher average output prices, most firms are
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able to obtain high positive margins, yet the vulnerability with respect to market
volatility weighs heavily on the financial results. Moreover, the high standard variation
in the earnings show that some of the firms are also able to obtain positive incomes
in years with low prices.

Figure 2.2 shows an overview of the input cost shares for the three products.
The labour intensive character of the production process can be clearly seen from the
high share of labour costs. The high dependence on external labour leads to a cost
share of above 25% for most firms. Given the energy intensity of the production
process (Verreth et al., 2015), also energy inputs form a large share of the total costs.
However, due to the usage of Combined Heat Power (CHP) engines, a large share of
firms generate their own electricity. In case electricity is delivered back to the grid,
firms are able to lower their net energy costs (e.g. Compernalle et al., 2011).
Furthermore, figure 2.2 shows that costs for plant-related material such as plants,
fertilizer and pesticides, most often only form a relatively modest share of the total
costs.

Cucumber Vine tomato Bell pepper

MEnergy M Llabour M Plant-material Capital ™ Other

Figure 2.2: Average relative shares of input costs in the production of horticultural products (period 2008-2015).

When looking at earlier described developments regarding the organizational structure
of primary producers, it is striking that for all three products more firms are operating
as a private limited liability company (LLC), as can be seen in figure 2.3. This indicates
the increased complexity in organizational structures, in which it is less self-evident
that primary producers operate as traditional family businesses.

26



Chapter 2 - Data and Study Area

® No LLC-structure
® LLC-structure

s5¥5588%3585
St i
Cucumber Q014)
Bell pepper (2003) N
Bell pepper Q014)
Vine tomato (2005) I
Vine tomato (2014) RS

Figure 2.3: Differences in organizational structure for the main horticultural crops (2008-2014).

2.3 Conclusion

The above description of the data also points at the considerable differences between
firms. The figures and tables presented in this chapter mainly focus on the average
production levels, yet a large spread between firms is underlying these averages. As
pointed out in the introductory chapter, this heterogeneity is a central topic in the
subsequent chapters of this thesis. The ATR dataset introduced in this chapter forms
the building block of the empirical analysis in the following chapters.
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3. EXPLAINING RECENT FIRM GROWTH IN DUTCH HORTICULTURE!?

ABSTRACT: Dutch horticultural firms have expanded rapidly in recent decades, both in
terms of their production area as well as in number of employees. In particular in the
production of fresh fruits and vegetables, a number of very large horticultural firms
emerged with often more than one hundred employees, operating on tens of hectares
of greenhouses. A standard explanation for firm growth is that firms want to benefit
from economies of scale, where the increased scale of production would ensure lower
average (fixed) production costs. This article however shows that cost reduction due
to economies of scale is not the main driver behind the growth in horticultural firm
size. In fact, our empirical evaluation shows that larger horticultural firms face higher
average production costs as compared to smaller firms. However, these higher
production costs are compensated by the on average higher and more stable output
prices obtained by larger firms. This positive effect of firm size on the firm revenues
therefore provides a different rationale for the recent growth in average size of Dutch
horticultural firms. As a result, our findings demonstrate that revenue-related aspects
are becoming more important in understanding firm growth of primary producers in
the horticultural sector.

! This chapter is based on the article: Los, E.J., Gardebroek, C. and Huirne, R.B.M. (2019). Explaining recent
firm growth in Dutch horticulture. Eurochoices, 18(3), pp. 38-43.
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3.1 Introduction

Dutch horticultural firms have expanded rapidly in recent decades, both in terms of
production area as well as in humber of employees. Recently, however, a number of
very large horticultural firms emerged with often more than one hundred employees
and tens of hectares of greenhouses. These firms also differ from traditional family
farms in their management and organizational structures (Verdouw et al., 2014).

A standard explanation for firm growth is that firms want to benefit from
economies of scale. A larger scale of production lowers average (fixed) production
costs (Kimura and Le Thi, 2013). However, research shows that the cost reductions
due to scale economies often decline when firms grow even further. The largest
average cost reductions are often found between small and medium sized firms rather
than between medium and large sized firms (Van der Meulen et al., 2011).

Recently, other explanations for production expansion have been given. Large
production quantities can also lead to a better bargaining position towards input
suppliers, processors and retail partners (Sexton, 2013). For example, most retail
partners want a fresh and consistent supply of fruits and vegetables throughout the
year. Therefore, they prefer buying from a limited number of very large suppliers
instead of multiple small producers. Dealing with fewer large suppliers also reduces
transaction costs (Sauer et al., 2012).

This article examines recent scale increases in Dutch horticulture. We focus on
the scale economies argument as well as the bargaining position of firms. For the latter
we look at the relation between firm size and output prices. To analyse these
developments, we use unique firm-level data from Rabobank. This dataset contains
observations for firms specialized in growing cucumber, bell pepper and vine tomatoes,
which are considered main greenhouse vegetables in the Netherlands. All these firms
are connected to Rabobank, which is the biggest credit supplier in Dutch horticulture
with a market share of about 80 per cent. For the analysis, data of more than 250
horticultural firms in the period 2008 to 2015 are used, providing more than 1000
observations. Data are available on all operational costs, individual firm output prices,
production numbers as well as various firm characteristics and indicators of (financial)
firm performance.

3.2 Firm size growth in Dutch horticulture

table 3.1 shows that the average size (measured in hectares of greenhouses) of Dutch
horticultural firms is steadily increasing. For all three products, almost half of the firms
had at least five hectares of greenhouses in 2014. In addition, we see the development
towards very large firms, with more than ten hectares of greenhouses, particularly for
vine tomatoes. Although such acreages may not sound large compared to e.g. arable
or dairy farms, it should be noted that the value of output per hectare in greenhouse
horticulture is much larger. On average the production value of 1 hectare of fresh
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vegetables is €400,000, which compares to the production value of e.g. a dairy farm
of roughly 100 dairy cows (Eurostat, 2017).
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Figure 3.1: Development of firm size in vine tomato, bell pepper and cucumber production between 2008-2014.

3.3 The effect of firm size on cost structure

In order to see whether larger firms can reduce average costs due to scale economies,
table 3.1 shows the average production costs per unit production for small, medium
and large cucumber firms. The results show that both capital costs and labour costs
increase with firm size, implying that larger firms on average face higher costs in order
to meet their labour and capital requirements. In contrast, energy costs per cucumber
are highest for the smallest firms and decrease for medium and larger firms. So, large
firms benefit from scale effects in energy.

The observed differences could also be due to differences in technology between
small and large producers. For example, large cucumber firms often use high wire
cultivation. This is a form of cultivation where the plants grow towards a 4 meters high
wire. Once the top of the plant reaches the wire, it is dropped down for about 50
centimetres. This enables a more efficient growth of the cucumbers, yet also creates
additional labour requirements. In this light, it is relevant to note that it is often difficult
to disentangle the effects of firm size and the use of advanced technologies on firm
performance, as they are often related (Sheng et al., 2015). Moreover, quality
differences might arise due to such underlying differences in the production process.
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Table 3.1: Differences in cost structures for cucumber firms based on firm size

< 2.1 ha >2.1 & <5.2 ha > 5.2 ha
Energy costs per unit production (€) 0.060 (0.03) 0.052 (0.02)* 0.046 (0.02)**x*
Labour costs per unit production (€) 0.054 (0.02) 0.068 (0.02)*** 0.072 (0.01)**x*
Plant and seed costs per unit production (€) 0.045 (0.02) 0.050 (0.01)* 0.050 (0.01)*
Capital costs per unit production (€) 0.034 (0.02) 0.059 (0.02)*** 0.063 (0.03)**x*
Marketing costs per unit production (€) 0.032 (0.01) 0.027 (0.02) 0.023 (0.01)**
Average size (ha) 1.686 3.515 7.104
N 131 273 135

Note: Average values for the smallest 25% (<2.1 ha) of the firms, the largest 25% of the firms (>5.2 ha) and
all medium-sized firms. Standard deviations in brackets. Note: *,** and *** represent statistical significance at
respectively the 10, 5 and 1%-level based on t-tests between the medium-sized and large firms as compared to
the smallest firms in the sample, which are used as the reference category.

The main conclusion from table 3.1, however, is that average production costs are in
fact lowest for the smallest companies. This is mainly caused by their lower average
expenditure on capital and labour. Especially in the production of crops that are
sensitive to variations in the amount of daylight and sunshine, sudden changes lead
to a highly irregular demand for labour. Large scale production in such a case involves
high transaction costs for organizing this temporary labour, whereas smaller scale
producers are able to manage such changes more smoothly. A similar pattern is
observed for vine tomato firms, where the input costs per square meter for firms of
different sizes are shown in Figure 2. These findings therefore contradict the idea that
larger firms in this industry are able to produce more cost efficiently.

Vine Tomato - Predictions with 95% Confidence Intervals

Costs in € per square meter
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Figure 3.2: Costs of main inputs per square meter for vine tomato firms based on firm size.
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3.4 The effect of firm size on output prices

Next, we turn to the effect of firm size on bargaining power. The market for fresh fruit
and vegetables is increasingly dominated by large retail partners, who demand a large
and consistent supply of products (Camanzi et al., 2011). In Dutch horticulture, with
a high degree of seasonality in production, the ability to supply fresh products year-
round is therefore becoming more important. To meet such demands primary
producers can choose to bundle their outputs via producer organisations. However, at
individual firm level they can also opt for a more year-round production through
investments in e.g. artificial growing light or through producing at different locations
(Van der Meulen et al., 2011). Such investments, however, require a considerable
scale of production. In combination with the increased emphasis on shorter supply
chains (where primary producers tend to have more direct contact with retail
partners), these developments might render large horticultural firms a better
bargaining position. This should be reflected in a positive relation between firm size
and the marketed value of the firm output.

In order to study this relation, we performed two regression analyses. In the
first analysis, firm size (measured in hectares) is regressed on the firm-specific output
prices. In order to correct for specific product characteristics, we also include a few
control variables. Production per square meter is considered in our model in order to
correct for various product-specific characteristics. Beyond, since markets and
production technologies differ for the three vegetables, indicator variables for bell
pepper and vine tomato are included to distinguish firms producing these crops from
cucumber firms. The results show that firm size is significantly and positively related
to the obtained output prices. The positive coefficient of 0.009 implies that, if we
control for other product characteristics, an increase in firm size of 1 hectare is
associated with a 0.9 eurocent higher output price per kilogram produced. We also
tested whether this effect differs per crop, but did not find any significant differences.
This implies that the positive relation between firm size and output prices is consistent
for the whole set of cucumber, tomato and bell pepper firms.

In the second regression analysis, firm size is regressed on the stability of these
output prices, as measured by the coefficient of variation (CV). The lower the CV, the
more stable the prices are for a given firm over the years. The results here show a
negative and significant effect of firm size on the coefficient of variation. This means
larger firms have more stable output prices over time. An increase in firm size of 1
hectare is found to lower price variability over time by 0.2%. Although this seems a
small effect, one should not forget that most price variation is due to yearly conditions.

Overall, the regression results confirm the idea that larger firms have an
advantage when it comes to their market positioning. This can be attributed either to
their better bargaining position, or due to the fact that for handling and trading larger
volumes lower transaction costs are incurred. These lower transaction costs may be
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partially passed on by retailers to the primary producer in the form of a higher output
price (Sauer et al., 2012). Furthermore, the modernity of the firm might also play a
role here (Sheng et al., 2015), as the use of advanced technologies is often associated
with firm size and can arguably lead to better quality products.

3.5 A synthesis: operational costs, product revenue and firm size

Figure 3.3 shows the relation between costs, revenues, profits and firm size of vine
tomato producing firms (in total 627 observations). The blue line indicates the average
operational costs (the sum of all expenses on energy, labour and plant materials) per
square meter. The orange line represents the average product revenue per square
meter (measured by the output price times the production per square meter). The cost
line shows that the smallest firms face the lowest operational costs (on average below
€35 per square meter), whereas costs go up to around €50 per square meter for the
largest firms. With respect to revenues, we observe steady increase in revenues per
square meter as size increases, with the highest values obtained by the largest firms.
The difference between these two lines is represented by the green line that indicates
the operational profit per square meter.

Vine tomato: Product revenue and production
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Figure 3.3: Operational costs and product revenue for specialized vine tomato firms by firm size.

Thus, the main driver of firm growth in the Dutch horticultural sector would seem to
be the positive relation between firm size and firm revenues, rather than the potential
of scale increases to reduce production costs. This is in line with the positive relation
between firm size and firm-specific output prices that was found in the regression
analysis.
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3.6 Conclusion

Dutch horticulture is increasingly composed of large firms that stray away from the
traditional family-farm model. When taking a closer look at these developments, we
observe that firm size growth is not primarily driven by cost-reductions due to
economies of scale. Our findings show that increases in firm size have a mixed effect
on cost structures: some costs per unit do decrease when firms grow, i.e. energy
costs; whereas other costs (e.g. labour costs per unit of product) rise as firm size
increases. On average, however, lower production costs are found in the smaller firms.

Therefore, the logic behind firm growth does not seem to lie in the alleged
relationship between firm size and lower production costs. Rather, the positive effect
of firm size on the revenue side seems to drive firm growth. This is supported by the
finding that larger firms are able to obtain higher and less volatile output prices as well
as higher product revenue per square meter.

With respect to the potential to generalize these findings towards other
agricultural sectors, one important aspect of horticultural production should be kept in
mind. Within horticulture, primary producers are mostly growers of an end-product
that can be directly transported to retail partners. It is therefore unclear how our
results compare to farm sectors where product, such as milk, require further
processing. Moreover, the central role of producer organizations in linking individual
producers and retail is not considered in our analysis. Nevertheless, the results show
that differences in product revenue and individual firm output prices are of
considerable importance and deserve more attention when studying growth in farm
size in modern agricultural markets.
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4. EXPLAINING RECENT FIRM GROWTH IN DUTCH HORTICULTURE?

ABSTRACT: Recent empirical literature pays increasing attention to farmer-retail power
relations in agricultural supply chains, yet seems to neglect potential differences
between prices that primary producers receive for their products. Via both a Markov
chain analysis and a hybrid panel data model, we empirically test whether primary
producers receive prices in a consistent way and what explains any price differences.
Using a unique dataset containing individual firm-specific output prices in various
horticultural markets, we show substantial price dispersion across firms and reveal
relations between firm characteristics and observed output prices. The Markov analysis
shows that the same firms are constantly found in the higher and lower quartiles of
the price distribution, implying prices are not distributed randomly. The results of the
hybrid panel data model show that characteristics as firm size and production-
orientation are strongly associated with differences in the obtained output prices as
well as the price/cost ratio between firms.

2 This chapter is based on the article: Los, E.]J., Gardebroek, C. and Huirne, R.B.M. (2020). Explaining output
price heterogeneity in Dutch horticulture. Revised and resubmitted to Agribusiness: an international journal.
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4.1 Introduction

The profitability of primary agricultural producers is to a large extent determined by
the output prices received at firm level. This is particularly the case in sectors and
regions with low agricultural policy support (Sauer et al., 2012). With agricultural
policies becoming more liberalized, primary producers are increasingly expected to
produce in a market-oriented way and to supply specific products that meet consumer
demand. This implies a larger emphasis on value-added agriculture and hence a shift
from the production of homogenous products towards more distinguished products
(Grashuis and Magnier, 2018; Knudson et al., 2004). This especially holds in modern
agricultural markets, with abundance of food for most consumers in developed
countries (e.g. Koning et al., 2008; Sexton, 2013), as well as increased concentration
of the largest global retail companies (Hovhannisyan et al., 2018).

Very few empirical studies however pay attention to what extent primary
producers can differentiate their products in markets and as a result are able to obtain
higher output prices or price mark-ups. Despite the wide presence of studies looking
at output price heterogeneity in other economic sectors (e.g. Kugler and Verhoogen,
2011; Roberts and Supina, 1996), research for agricultural primary producers is
lacking. Current studies that do challenge the assumption of perfect competition in
agricultural markets mainly focus on aspects as price transmission (Liu et al., 2019;
Assefa et al., 2017; Bakucs et al., 2014) and the distribution of rents among various
partners in the food supply chain, hereby mostly emphasizing the low bargaining
power of primary producers (Bonanno et al., 2018a; Sexton, 2013). Potential output
price differences between primary producers are however barely studied, Falkowski et
al. (2017) being one of the few exemptions. In contrast, most studies on price
dispersion and the ability of producers to obtain higher prices in food markets focus
on food manufacturers (e.g. Bonanno et al., 2018b).

This chapter aims to fill this gap by studying differences in output prices and
cost/price ratios of Dutch horticultural firms, in particular specialized firms growing
vine tomatoes, bell peppers and cucumbers. These products are fitting cases for
different reasons. With a combination of both traditional family firms as well as larger
firms with a more industrial organizational structure (Verdouw et al., 2014),
horticulture allows us to study variability in output prices due to differences in firm
structure. In addition, the extent of product differentiation and other differences in
quality vary by crop. Cucumber, e.g., is known to be a standardized product with
limited potential for product variation (Vermeer, 2009), whereas tomatoes are more
differentiated products, with a more important role for quality aspects in consumer
demand (Dorais et al., 2001). This also allows us to study differences between these
markets.

Our analysis follows a three-step procedure. First, we describe output price
heterogeneity by providing an overview of price developments for individual Dutch
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horticultural firms. Second, we use a Markov-transition analysis to test whether the
same firms are able to obtain high prices over time. This tells us whether firms
randomly receive higher prices, or whether this is based on certain firm (or product)
characteristics that are persistent over time. Third, we analyse how both within and
between variation in several firm characteristics explains differences in the observed
output prices and the price/cost-ratios between firms. The latter allows us to correct
for any price differences resulting from product heterogeneity caused by differences in
input usage (see e.g. Roberts and Supina, 1996). For studying the factors associated
with price dispersion, our empirical analysis builds on notions of earlier theoretical and
empirical work which challenges the paradigm of perfect competition and homogenous
prices in agricultural markets. Based on this, a heterogeneous price equation as well
as a price/cost equation are specified. Both equations are estimated using a hybrid
panel data model (Schunck, 2013).

As a result, this chapter contributes by expanding the literature on pricing in
agricultural markets by specifically addressing price heterogeneity and differences in
price/cost-ratios between primary producers. By studying the persistence of the output
price distribution over time, we aim to deepen the understanding of structural
differences in the position of primary producers on output markets. Moreover, by using
a unique dataset containing firm-specific output prices and production costs for Dutch
horticultural firms and through applying a non-standard hybrid panel data model, we
are able to empirically assess the effect of time-varying as well as time-invariant
variables (such as most firm-characteristics) on differences in output prices and the
price/cost ratio. To our best knowledge this approach has not yet been applied in order
to study output price differences between primary producers.

The remainder of this chapter is organized as follows. The next section discusses
various potential drivers of price dispersion in the context of modern agricultural
markets. Section 4.3 introduces the context of Dutch horticulture and presents the
data used in the empirical analysis. The methodological approach is described in
section 4.4 and introduces both the Markov transition analysis of the price distribution
as well as the hybrid panel approach to study factors associated with differences in
both the output price distribution and the price/cost ratio. Section 4.5 presents the
estimation results and the last section draws conclusions and provides a discussion on
these findings.

4.2 Theoretical Background

A vast majority of studies in agricultural economics assumes that agricultural
producers are price-takers (see e.g. Norwood and Lusk, 2018; Arnade and Pick, 2000),
meaning they face a market price P in period t depending on the total quantity
produced Q in period t. Nevertheless, considerable differences in firm-specific output
prices can be observed in various agricultural markets (Falkowski et al. 2017). In order
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to explain price dispersion, it is most often assumed that some form of price
heterogeneity exists (Sauer et al., 2012). If we assume a vector of variables Z
containing factors causing price heterogeneity, which can differ over time as well as
per firm j, we obtain:

E=HO.Z,} 1)

The next sections describe the factors hypothesised to cause price heterogeneity and
groups these into three categories, relating to product heterogeneity (section 4.2.1),
firm heterogeneity (4.2.2) and context heterogeneity (4.2.3).

4.2.1 Product heterogeneity and quality aspects

For long, increasing production by means of specialization and concentration used to
be the dominant farm strategy (Den Ouden et al., 1996). The introduction of niche
products, such as cherry tomatoes (Dorais et al., 2001), however put more emphasis
on differences in the quality of the product, as well as an increase in the importance
of marketing and (direct) contact with retail - especially in comparison with more bulk-
oriented products. Further developments include the expansion of firms to secondary
activities, such as packing the products at firm-level (Van der Noll et al., 2010). In
contrast to concentration and specialization, these developments allow firms to opt for
strategies with a focus on product differentiation and additional activities that might
generate extra value added, also potentially resulting in higher average output prices
and a price mark-up for the primary producer.

Spence (1976) and Dixit and Stiglitz (1977) were among the first to formalize
the notion of differentiated products in a setting of monopolistic competition. They
show that if producers supply different varieties, the standard perfect competition
result of price equals marginal costs is adapted by including a mark-up on the price,
depending on the degree of substitution between varieties (substitution elasticity).

If varieties are perfect substitutes, a price increase in one variety implies that
demand drops infinitely (in favour of the other varieties). In such a case the price
mark-up is zero since producers are forced to price according to the perfect
competition rule. However, when consumers prefer to keep buying a specific variety,
despite higher prices, there is scope for a price mark-up. This shows that price
premiums can be obtained by producers who are able to grow products with certain
premium characteristics, if consumers do not consider these to be perfectly
substitutable.

4.2.2 Firm heterogeneity and scale effects
Scale effects are most likely to play a role in the output prices received due to their

impact on transaction costs (Sauer et al., 2012). Transaction costs are often defined
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as the costs related to arranging and carrying out the exchange of products (Holloway
et al., 2000). These costs mainly play an important role in explaining price dispersion
as retail partners often show preferences for large and consistent supply of fresh fruits
and vegetables throughout the year (McCorriston, 2002; Wohlgenant, 2001), which
might benefit larger firms. Making agreements with large parties can therefore reduce
transaction costs, which potentially results in better prices for primary producers
involved, as buyers may pass on some portion of the saved costs to larger producers
(Sauer et al., 2012).

In particular differences in bargaining power might play a role in explaining
variation in output prices. Most often, a business partner is assumed to have
bargaining power over the other partner if it can easily substitute the products it
requires by making use of another business partner (Falkowski et al., 2017). Firms or
parties who are able to deliver retailers (year-round) large amounts of products, or
specific products that meet the consumer demand, are more attractive from the
perspective of the retailer since they lower transaction costs of the retailer. The relative
bargaining positions of the retailer and supplying firm will determine how these
transaction cost savings are distributed among supplier and retailer. As a result, we
hypothesize that dealing with larger firms benefits retailers (Sauer et al., 2012).

What should be noted though is that traditionally, horticultural firms are part of
producer organisations, which are able to trade larger volumes and arrange the further
marketing of the products. However, large firms increasingly tend to move away from
this constellation and search for more direct contact with retail partners3.

Furthermore, a variety of other firm factors are found to play a role in explaining
differences in output prices and price/cost ratios between producers. E.g. Costanigro
et al. (2010) point at the existence of reputation-based price premia, where
particularly firm longevity in business is associated with differences in output prices
since consumers are willing to pay premium prices for products from producers and/or
regions with good reputation.

4.2.3 Context heterogeneity: uneven competition in time and space

Seasonality in prices for horticultural products occurs as the supply of the respective
good is concentrated seasonally while the demand is roughly continuous throughout
the year (Hanf and Kuhl, 1986). Given the length of the dominant growing season (for
most fresh vegetables in north-western Europe roughly from March until October),
average prices are lower during this period given the higher domestic supply. Price
data shows that, e.g. in the market for tomato, average producer prices are often
twice as high in December - February compared to the period May - September
(European Commission, 2017). Firms delivering products during the winter season and

3 Beyond, within agricultural cooperatives, various dynamics might lead to an unbalanced power distribution,
which potentially benefits larger sized members (Banerjee et al., 2001; Zussman and Rausser, 1994).
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early spring, e.g. possible due to the usage of artificial growing light (Verhaegh, 1998),
are therefore likely to end up with higher average annual output prices. Given the
higher costs involved in producing off-season, the effect on the actual price/cost ratio
is however not clear.

Aside from seasonal aspects, spatially uneven competition might also result in
differences in observed prices and price/cost ratios. Hallak and Sivadasan (2013) find
that exporting firms are able to charge higher prices. Given the high share of exports
for Dutch horticultural products (Nijdam et al., 2019), the export position of firms is
also a potential factor influencing the price heterogeneity between firms.

4.3 Price dispersion in the Dutch horticultural sector

4.3.1 Developments in Dutch horticulture

The Netherlands is globally a leading country in horticultural production, where most
primary producers have undergone significant changes in firm structure in recent years
(Van der Meer et al., 2019). The average firm size e.g. increased considerably in recent
decades. Consequently, the sector is composed of a growing number of large-scale
enterprises, with often tens to hundred employees on their payroll, as well as a group
of horticultural firms producing on a smaller scale (Van der Meer et al., 2019). This
also leads to a considerable heterogeneity in organizational structure. Despite these
differences in firm structure and production technologies, as the introduction of
artificial growing light, variations in external production factors which could affect
prices and cost-levels - such as climatological circumstances or potential differences
in the proximity of markets — are relatively modest. This is in particular the case given
the small size and the relatively densely populated character of the country.

4.3.2 Data source

For analysing price dispersion in the Dutch horticultural sector, we use firm-level data
obtained from the Analysis Tool Rabobank (Rabobank, 2016a), which is the largest
bank active in the Netherlands as a credit supplier for the agricultural sector
(Rabobank, 2016b). The quality and completeness of our sample can be assessed by
comparing it to the total number of firms and the total acreage in the whole sector.
According to Statistics Netherlands (2011), in 2009, 199 firms were active in the
specialized production of vine tomatoes, with a total acreage of 1047 ha. In contrast,
our total sample holds 82 vine tomato firms in 2009, covering an acreage of over 661
ha. This means over 40% of the total firms and around 60% of the total acreage are
represented in our sample. Looking at other years of observation, we find a coverage
of consistently above 40% of the number of firms and around 60% of the total acreage
of a certain crop. Only for cucumber firms, these numbers are somewhat lower, with
slightly above 30% of the number of firms and just below 50% of the total acreage.
As a result, the firms in our sample are — on average - somewhat larger as compared
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to the average firm size in these sectors. Nevertheless, given the large number of
firms represented in our sample, it provides a well-informed representation of wider
changes in the horticultural sector*.

The sample contains annual firm-level observations for the period 2008-2015.
First, it provides information on firm characteristics, as firm size in hectares,
organizational structure and the use of specific production technologies. Organizational
structure is measured by a dummy variable (LLC) indicating whether a firm is a limited
liability company (1) or has a different organizational structure, such as family farms
(0). Differences in production technology are reflected in the usage of artificial growing
light. Furthermore, as the data contains production and marketing information (output
level, operational costs and firm-specific output prices). All these humbers are on an
annual basis, which means that e.g. the observed prices and costs per product are
yearly averages. This has the advantage that very short-lived price fluctuations have
already been filtered out (Syverson, 2007). The output level denotes the total annual
production in kilogrammes or units produced. Operational costs include all costs
related to operational activities (paid labour, gas and electricity expenses, plant-
materials and related expenses as well as other expenses related to e.g. transport).®
Based on the observed operational costs and output prices, the cost/price ratio can be
calculated as well.

4.3.3 Descriptive statistics

Table 4.1 shows a relatively high variation in output prices as denoted by the standard
deviation, in particular in the market for vine tomatoes. Note however that the overall
standard deviations are a combination of variation due to differences between firms,
as well as changes in prices over time (see also figure 4.1). Furthermore, substantial
differences in production costs arise between products, as well as between firms
producing the same product. The same holds for firm size, where both smaller firms
of around one hectare as well as large firms are visible. In addition, firms producing
cucumber or bell pepper barely make use of artificial growing light installations, both
scoring below ten percent. The LLC-structure is most prevalent for vine tomato firms.

4 As a comparison, note that e.g. the more widely used Dutch FADN only contains data for 20 to 30 firms per
main horticultural crop (Ge et al., 2018).

5 Note that these are only costs directly associated with operational activities, hence depreciation or interest
costs are not considered.
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Bell Pepper

Vine Tomato

Cucumber

Average annual Output price (€)

Growing light (1=yes)

Firm Size (ha)

LLC (1=yes)

Production per square meter (kg/piece) ®

Average operational costs (€ per

kg/piece)
Price/Cost ratio

N

1.099 (0.195)
(0.099 - 0.167)
0.090 (0.287)
(0.186 - 0.056)
6.970 (7.451)
(6.309 - 2.442)
0.255 (0.436)
(0.382 - 0.218)
30.731 (3.131)
(3.021 - 1.083)
0.878 (0.191)
(0.150 - 0.128)
1.285 (0.280)
(0.190 - 0.211)
704

0.809 (0.372)
(0.389 - 0.142)
0.247 (0.431)
(0.415 - 0.155)
9.432 (9.265)
(8.704 - 2.054)
0.378 (0.485)
(0.458 - 0.191)
55.426 (12.365)
(11.984 - 4.521)
0.712 (0.443)
(0.445 - 0.121)
1.226 (0.394)
(0.336 - 0.295)
460

0.234 (0.042)
(0.044 - 0.031)
0.059 (0.236)
(0.293 - 0.050)
3.969 (2.242)
(2.158 - 0.754)
0.337 (0.473)
(0.434 - 0.180)
175.071 (25.691)

(26.404 - 10.073)

0.201 (0.037)
(0.039 - 0.021)
1.183 (0.231)

(0.166 - 0.179)
236

Source: Authors, based on Rabobank (2016a).

Note: The mean is followed by the standard deviations in parentheses. The row below provides a breakdown of
the standard deviation in the between standard deviation (given in italic) and the within standard deviation
(underlined).

The development of output prices of the three products is shown in figure 4.1. The
solid middle line shows the average prices for the studied products in the period 2008-
2015. The dashed lower line shows the price for the 20t percentile of the sample,
whereas the dashed upper line shows the price for the 80% percentile. The effect of
yearly price volatility is mainly visible in 2009 and 2011, where lower average prices
are observed. External market circumstances most often play a role in causing these
low prices. 2011 e.g. coincided with the outbreak of Escherichia coli which for long
depressed demand for some fresh vegetables and hence caused low prices in these
markets (Perez-Mesa et al., 2019)). Next to these strong year effects, we also observe
a high variation in output prices between firms within the same year. This effect is
particularly strong in the markets for vine tomatoes, yet producers in other markets
also deviate from the mean prices in the observed years. E.g. in 2012, 20% of the
vine tomato firms were able to obtain average annual output prices of above €1.26,
while the lower ranked firms in the distribution obtained prices below €0.64.

¢ Note that the production of cucumbers is measured in actual pieces, not in kilograms.
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Price variation in horticultural markets 2008-2015
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Figure 4.1: Price variation in horticultural markets in the period 2008-2015. Source: Authors, based on
Rabobank (2016a).

Despite the fact that a comparison between crops is not straightforward given the
different values on the respective y-axes, figure 4.1 shows the smallest deviations
from the annual year price in markets for cucumber and bell pepper, which are more
homogenous products. Nevertheless, there is price dispersion across all three different
subsectors. Furthermore, the spread in output prices is relatively stable throughout
the observation period, yet seems to grow over time for tomato firms. Arguably,
product differences have become more pronounced in this market, reflected in larger
differences in output prices between firms over time. Nevertheless, we see that all
firms are subject to the yearly price volatility that characterizes the markets for fresh
horticultural products. As a result, also firms with relatively high output prices,
producing for premium markets, are affected by external effects in the wider market.
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Figure 4.2: Kernel density graphs of output prices in horticultural markets in the period 2008-2015. Source:
Authors, based on Rabobank (2016a).

The spread in firm-specific output prices is also visible in figure 4.2, showing the kernel
density graphs for the observed firm-specific output prices for all three products. The
graph for vine tomato producers stand out with some producers obtaining very high
output prices on the right side of the distribution. For cucumber and bell pepper, we
observe a single peak in these graphs, pointing at a unimodal distribution of the output
prices.

4.4 Empirical Approach

4.4.1 Individual output prices over time: A Markov transition analysis

In order to study the output price distribution of primary producers over time, we first
apply a Markov transition analysis. Markov chain approaches are commonly used in
the literature to analyse e.g. firm-size distributions over time (Tonini and Jongeneel,
2007, Huettel and Jongeneel, 2011). Applying this approach to study the output price
distributions provides insight in the persistence of prices for individual firms: is this a
random process where firms regularly shift from the top to the bottom of the
distribution and vice versa, or are rather the same firms able to obtain high output
prices? In the latter case, price distributions are likely to be based on inherent
characteristics of a firm.

First, individual output prices for every crop and time-period are subdivided in
four quartiles n;. Firms with an output price in the lowest quartile of a particular year
end up in group 1, whereas firms with an output price in the highest quartile end up
in group 4 and so forth. Next, we define the following transition probability matrix:
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PM =

The probability matrix PM provides the average probabilities of moving from one price
quartile to another, i.e. p11 refers to the average probability of being in price quartile
1 throughout the whole observation period, whereas pi2 refers to the probability of
moving from state 1 to state 2. As a result, the probability matrix shows the probability
of a firm to remain in the same quartile or to transition to a different price quartile
over the years. Note that for estimating the transition probability matrix, the price cut-
off points differ by year. This removes the influence of yearly price volatility on the
level of output prices. E.g. in 2009, the lowest quartile for tomato firms consists of
firms with an average output price below 0.50€ per kilogram. In 2010 in contrast, only
firms with an output price below €0.76 end up in the lowest price quartile. In order to
estimate the exact transition probabilities, two restrictions are imposed:

Dy >0 and Zpl./ =1i=12,...m

J=1

By imposing these restrictions, we ensure the transitions to be non-negative and that
the sum of the probabilities always equals one, thereby satisfying the Markov
constraint (Tonini and Jongeneel, 2007).

4.4.2 Modelling and estimating price heterogeneity

Based on the overview given in section 4.2, we expect differences in firm-specific
output prices to depend on several factors related to product, firm and production
heterogeneity. Due to data limitations, we are not able to empirically assess the
association of all these factors. We however can assess heterogeneity in firm structure
by considering differences in firm size as well as differences in organizational structure.
In the latter case, it allows us to identify whether there are differences in output prices
between more traditional family-run horticultural firms and firms with a more distinct
organizational structure, e.g. firms described as a limited liability company (LLC).
Furthermore, differences in production strategy between firms can be assessed by
considering information on the production intensity per square meter.

In order to capture production heterogeneity, we consider differences in the
usage of artificial growing light, which potentially lead to differences in average annual
prices. By adjusting equation 1 (and currently neglecting differences as a result of
product heterogeneity), we obtain:

48



Chapter 4 - Output price heterogeneity in Dutch horticulture

P=f0.,Z. }; where Z, = f{Size, Intensity, LLC, Light} (2)

Product heterogeneity is mainly reflected in product quality. High-quality products
naturally yield higher output prices. However, suppliers of high-quality products may
also have more bargaining power, leading to higher output prices (Bonanno et al.,
2018a). In order to account for product quality Roberts and Supina (1996) propose to
use the ratio of the firm’s output price and production costs. Considering such a ratio
reduces the influence of quality differences on output prices as long as quality
differences are reflected in the firm’s production costs, e.g. via the usage of higher-
quality and more expensive inputs (Roberts and Supina, 1996). Karagiannis et al.
(2018) also apply this approach but since they lack information on firm-level quantities
and prices they are forced to estimate these values indirectly via the use of price-
deflated production functions. The availability of firm-level prices, operational costs
and quantities in our data, however, allows us to calculate such a ratio directly based
on observed values for individual firms. Hence, we obtain:

L
C

it

0.7, ), where Z, = f{Size, Intensity, LLC, Light} (3)

4.4.3 Hybrid panel approach
Equations (2) and (3) are estimated via a set of hybrid panel regressions (Allison,
2009; Schunck, 2013). A common approach would be to estimate these equations
using a Fixed Effects (FE) approach (Schmidt et al., 2009). A FE estimation however
makes use of a within-transformation, neglecting differences between firms in
estimation (e.g. Kohler and Kreuter, 2005). Given our focus on explaining differences
in output prices between firms this is undesirable. Beyond, for variables that barely
change over time (such as most firm characteristics), the FE estimation procedure is
known to be inefficient, given that such variables have very little within variation (Beck
and Katz, 2001). The hybrid panel model, in contrast, largely builds upon a Random
Effects (RE) model and hence is capable of estimating time-invariant as well as rarely
changing variables. Although a standard RE model exploits both within and between
variation in estimation, it does not give separate estimates for the within and between
variation in estimation, something the hybrid approach is capable of (Allison, 2009).
Despite that this approach has been suggested before (e.g. Neuhaus and Kalbfleisch,
1998), it is hardly used in existing studies.

In the hybrid approach, we decompose the time-varying variables into a

between (X, = n;" 7;1 x,) and a within (X, —X,) component for each firm i. As a result,

we estimate the following empirical equations (4) and (5) for all three crops:
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In(P,) = a+ fB,(Size, — Size:) + B, Size; + B,(Size’, — Size’ 1) + B, Size” i +
Bs(Intensity, — Intensity,) + B, Intensity, + §,(LLC,, — LLC:) + (4)

. . 7
BLLC: + B, (Light, — Light,) + B, (Light,) + B,,(T,) + Zyz ~dyear, + i, + €,

t=1

P - - [
ln(C—”) =+ fB,(Size, — Size:) + 3, Size: + 3,(Size’, — Size® 1) + B, Size’ i +

it

Bs(Intensity, — Intensity,) + P Intensity, + B,(LLC, — LLC;) + (5)

- - 7
BiLLC: + B, (Light, _Lightl)+ﬁ10(Lighti)+ﬂll(]—;)+Z7/[ ~dyear, + u; + &,

t=1

Equation 4 uses the output prices as a dependent variable, which does not correct for
differences in product quality caused by variations in the inputs used. Equation 5
therefore considers the price/cost ratio, which corrects for the influence of using
higher-quality and more expensive inputs on the output prices. Including a set of
dummy year-variables, with 2008 as base year, allows us to control for the influence
of yearly price volatility and external market conditions. As a result, we can correct for
annual differences in total quantity supplied or demanded in a specific year (Qt).
Beyond, Ti notes the amount of years a firm is included in the data-set. This allows us
to correct for the unbalanced nature of the data, due to e.g. bankruptcies. Note that
by including T;, we also correct for any potential self-selection (see e.g. Baltagi, 2013).

Furthermore, the dependent variable is the natural logarithm of the observed
output prices (4) and the ratio of the output price over average production costs per
unit of production (5) for each firm j in year t. We use natural logarithms for two
reasons: first, given the large differences in absolute price levels between crops, it
enables us to compare the effects between the different crops. Furthermore, it allows
us to interpret the coefficients as a change in percentages of the mark-up, also
allowing for a better comparison among crops.

In addition, a squared term of firm size is included in order to capture potential
non-linear effects of firm size. By including a variable that measures the usage of
artificial growing light, we are able to capture the influence of seasonal production
aspects on differences in the output prices and price/cost ratio. This is the case as
firms with a growing light installation are able to deliver products earlier in the season,
and hence might benefit from different market prices. Note however that firms with
growing light often face higher operational costs, hence the effect on the actual
price/cost ratio might be less clear-cut.

Given the hybrid approach, the explanatory variables are all composed of two
parts. The parameter of the first part (e.g. B:) gives the estimate of the within effect
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of the respective variable. The parameter of the second part (e.g. 82) provides the
between effect. The term a is the intercept, whereas the combined residual yi+eit
consists of an individual, time-invariant component u; which only varies between the
units (firms), and a remaining error-component &it.

Since a hybrid panel procedure relies largely on a random effects estimation,
we first assess the validity of using a hybrid estimation by performing Hausman (1978)
tests. The results in table A4.1 in the Appendix show the Hausman tests for a
comparison of the estimates of a FE model and a RE model for all three crops. The
results point at the validity of estimating a RE model for two out of the three models
(see e.g. Wooldridge, 2010), and consequently also apply to the hybrid approach. For
cucumber firms, however, the null hypothesis of consistent RE estimates is rejected.
This means the results for cucumber firms presented in table 4.3 might be inconsistent.
Therefore, we also provide the (consistent) estimates of the regular FE model in table
A4.1 in the Appendix.

4.5 Results

4.5.1 Results of the Markov transition analysis

Table 4.2 presents the results of the Markov transition analysis. As can be read from
the numbers on the diagonal, most firms remain in the same price-group throughout
the whole observation period. For vine tomato firms, this is particularly the case for
producers in both the highest (with a probability of 0.819) and the lowest (0.588) price
group. Beyond, we mainly see shifts to nearby price-categories, i.e. from state 2 to 1
and vice versa. This means that mostly the same firms obtain high output prices and
the same firms obtain relatively low output prices, suggesting the price distribution in
the market is not random, but is rather based on certain firm (or product)
characteristics that are persistent throughout time.
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Table 4.2: Transition probabilities in three horticultural markets (standard errors in parentheses).

Bell Pepper

Price Quartile 1 2 3 4

1 0.396%** 0.347*** 0.183*** 0.071
(0.040) (0.046) (0.047) (0.045)

2 0.305%** 0.316%** 0.236%** 0.148%**
(0.037) (0.042) (0.043) (0.041)

3 0.181%** 0.239%** 0.279%** 0.269%**
(0.036) (0.040) (0.041) (0.039)

4 0.117%* 0.096* 0.299%** 0.510%**
(0.037) (0.042) (0.042) (0.040)

Vine Tomato

Price Quartile 1 2 3 4

1 0.588*** 0.293*** 0.078* 0.042
(0.029) (0.033) (0.032) (0.024)

2 0.349%** 0.438*** 0.157*** 0.036
(0.027) (0.031) (0.030) (0.023)

3 0.062* 0.258%** 0.569%** 0.100%**
(0.028) (0.032) (0.031) (0.023)

4 0.000 0.008 0.194%** 0.819%**
(0.028) (0.032) (0.031) (0.023)

Cucumber

Price Quartile 1 2 3 4

1 0.551%** 0.259%*** 0.120%* 0.123**
(0.032) (0.048) (0.050) (0.045)

2 0.186*** 0.415%** 0.283*** 0.101%**
(0.025) (0.037) (0.038) (0.034)

3 0.153*** 0.226%*** 0.324%** 0.228%**
(0.025) (0.037) (0.039) (0.035)

4 0.108*** 0.098* 0.271%%* 0.547%**
(0.026) (0.039) (0.040) (0.036)

Source: Authors, based on Rabobank (2016a).
Note: *, ** and *** represent statistical significance at respectively the 5%, 1% and 0.1% level.

The transition matrix for cucumber firms sketches roughly the same picture, with the
highest probabilitie