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Abstract

Access to land is one of the keyfactofs of farm growth. However, related research is characterised by
important gaps, in particularfacing the€hange over time in the nature and role of drivers of the land
market. The objective of thiSypaperas to identify the endogenous and exogenous factors that affect
the decision to purchaseland m Italy between 2013 and 2020. Five probit regression models were
implemented to undérstand theaole of a set of different determinants in land investment decision. The
results show thatgfactors related'to capital in machinery and plant, energy production and the presence
of a successor orlyoung fafmer are endogenous factors that positively influence the purchase decision.
The ratio of rentedyland to utilised agricultural area and of family work units to total work units are
endogenous factors that negatively affect the purchase decision. Exogenous factors related to the cost
of capital and inflation rate affect the purchase of land in an opposite way, negatively and positively
respectivély. The role of Utilised Agricultural Area and Value Added per hectare varies depending on
the specialisation considered. The research can support policymakers in designing policies to promote
the survival and growth of farms, as well as to facilitate land investment by reducing barriers to land
acquisition.

Keywords: agricultural land market, land purchase, probit regression model, investment decision,
purchase decision
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1. INTRODUCTION

Land represents a durable, fixed, heterogeneous, and non-reproducible resource and is one of the key
productive factors of a farm. The purchase of land is one of the ways through which a farmer can
access this fixed productive factor and represents a form of investment in a capital good. Compared
to other forms of farm size growth, on the one hand, the purchase of land may require a major financial
commitment and thus limits the investment in other productive assets (Jeong, et al. 2022; Swinnen,
et al. 2016). On the other hand, the full transfer of rights allows the new owner to use the land as a
collateral asset in order to have greater access to credit (Binswanger, et al. 1995; Bradfield et al. 2023;
Swinnen et al. 2016). In comparison to investments in other types of on- farm assets, the purchase of
land rarely takes place at the same time as it is planned because it is not certain that the #garmer will
find the supply on the local market meeting his/her needs/capacity (Elhorst, 1993). Férithe farmer,
the availability of land can be one of the main obstacles to the development and gréwthyof theyfarm
(Yanore, et al. 2024). The land market is characterised by rigid supply and the purchase ‘of land far
from the farm centre would lead to increased costs and downtime (Cotteleer, etfal. 20085 S¢himmenti,
et al, 2013). For all these reasons, the land market is generally defined as thin‘and local.

The lack of data availability and the absence of well-structured databases onWland transactions,
especially in Europe, has influenced and limited the research on the land market (De Noni et al. 2019).
Over the years, research mainly focused on identifying the determifiants‘of land value in specific local
agricultural land markets or on how agricultural policy payment§couldinfldence land value (Baldoni
et al., 2023; Czyzewski, et al. 2017; Latruffe and Le Mouéle2009;"Michalek, et al. 2014; Varacca et
al. 2022). Even when analysing the literature relating to thelinvestment decision, there appears to be
little ex-post empirical research that takes into considefatien the investment in land.

The objective of this paper is to identify determinants that have influenced the farmer's decision to
purchase land in Italy between 2013 and 2020. Theyweork 1s«€arried out using FADN data and factors
are selected based on a literature review andidata,availability. The main novelty of the paper is that
we use an original analytical framewerk and“a, coneeptual model developed on the basis of the
literature analysis using multiple streams of researeh, namely structural change in agriculture and the
growth of farm size, the investment degisiomand the land market literature.

The paper continues in Section 2 withithendesign of the framework. In Section 3 we proceed with the
descriptive analysis of the dvailablefdatasand the presentation of the methodology. In Section 4, the
results of the analysis are presented and'will be discussed in Section 5. Section 6 is dedicated to the
conclusions drawn from,this study:

In order to contextualize this research, it is essential to have a premise. To the best of our knowledge,
there are no studies thatdraveidentified the factors that may influence the decision of Italian farmers
to invest in land.” Comsequiently, this study and its results should be considered a preliminary
exploratory attempt to,identify and understand the effects of certain factors selected based on the
original analytical framework.

2. THEORETICAL FRAMEWORK

Land is a factor of production that is strongly connected to and not divisible from three other farm
inputs such as machinery, (family) labour and buildings (Plogmann et al. 2022).

Over the years, mechanisation and technological innovation have played an important role in
improving farmers' labour management and replacing the labour force leaving rural areas for better
paid non-agricultural work. The adoption of machinery and technological innovation, especially when
it is expensive and complex, have stimulated farmers to allocate their managerial skills, capital, and
farm assets for the production of a few types of output and, thus, farm specialisation. These three
factors have contributed to the development of both economies of scale and size. Although
technological innovation is accessible to small and large farms, the latter seem to have more financial
and managerial capacities, both internal and external, to invest in this factor. Thus, the growth in farm
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size induced by technological innovation seems to be stronger in large farms than in small ones.
According to the theoretical literature, these dynamics generate pressures on small farms that might
decide to exit the agricultural sector (Plogmann et al. 2022). In this regard, researchers have identified
“off-farm income” as a factor that could play a dual role in the survival of small farms. On the one
hand, the income generated by off-farm activities could represent the first step of the farm's exit from
the sector. On the other hand, this source of income could allow the farmer to remain within the
agricultural sector because it could contribute to the stabilisation of the farmer's income and facilitate
access to credit, investment in farm assets, and stimulate the growth of farms managed by young
farmers (Goddard et al. 1993; Hallam 1991; Harrington and Reinsel 1995; Key 2020; Neuenfeldt et
al. 2019; Weiss 1999; Zimmermann, et al. 2009).

Human capital is one of the main factors that can influence a farmer's investment degision. When
talking about human capital, reference is made to demographic characteristics of the fasmemand their
family. In particular, the age of the farmer and the presence of a potential suceessot, and the level of
education are among the main characteristics that can affect farm size and investmentin land. As the
age of the farmer increases, the farm enters the so-called maturity and/or decline phase and,the farmer
may be more reluctant to increase the farm size (Bremmer and Oude Langink 2002). The presence of
a potential successor could prevent the farm from entering the decline phase,and thus positively affect
the investment in a fixed input (Huber, Flury, and Finger 2015). Furthermotegthe purchase of land
could entail a major financial commitment and the application forta bankiloan. In this regard, the
presence of a young farmer or a successor could positively ‘influehce the time horizon of the
investment and favour the purchase decision (Elhorst 1993; Huber'et@l. 2015; Oskam, et al. 2009;
Oude Lansink, et al. 2001). In addition to these factors, human capital also includes managerial skills
that if not possessed by the farmer can be found igfthe external enyironment e.g. by turning to advisory
and consultancy services (Boehlje 1992). Accordingyto the literature, larger farms may have greater
economic and financial capacities to access Such services.

The decision to invest in land isgnot only tfluenced by structural and socio-demographic
characteristics of the farm, but also by ‘@xogenous, factors such as the macroeconomic environment,
land market regulations, and agricultugal pelicies.

The purchase of land represents anginvestment in a capital good that may require a major financial
commitment. In this sense, the cost of capital and the financial position of the farmer could influence
the decision and the level of inivestment./As the interest rate increases, the probability that the farmer
is willing to invest and thegevel'of investment decreases.

Land is not only an impottant ptoduction asset of a farm but also a “safe- heaven” asset (Schimmenti
et al. 2013), attracting the interest of non-farmers who decide to invest in it to protect the capital value
from inflation. Amsineréase in the inflation rate leads to an increase in the price of land and vice versa
(Elhorst 1993; Lawley®2021; Szymanska, et al. 2021; Thijssen 1996). Policymakers can use land
regulation a§ an imstrument to defend the farmers' position and mitigate potential speculative force in
farmland magket. Each European Member State has full decision-making power over its own land
regulationiln general, Western European countries have a more liberal land regulation than Eastern
Europeandcountries. Among the Western countries, Italy is one of the European countries with the
most libetal land regulation (Swinnen et al. 2016). With the aim of facilitating access to land for
medium-sized farms with financial means, many European countries have provided for the right of
pre-emption to be exercised either by local governments, as in France, Germany and the Netherlands,
or by farmers, as in Italy (Galletto 2018). In particular, the Italian government introduced this
instrument to reduce the fragmentation of Italian farms, to improve the consolidation of the Italian
agricultural sector and to facilitate the development of family farms. In Italy, Art. 8 Law n. 590/1965
and art. 7 Law n. 817/1971 establish that the Italian farmer may exercise the right of pre-emption of
land if at least one of three cases occurs: a) he/she is the co-owner of the farm, b) he/she is a
professional farmer who directly borders land for sale, c) if he/she has been renting the land for at
least two years (Legge 590/1965; Legge 817/1971).The right of pre-emption has also been extended
to agricultural partnerships (as a rule, simple partnerships, and general partnerships) if at least half of
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the partners are “coltivatore diretto”'. Subsequently, between 2009 and 2016, the Italian State
implemented tax concessions to improve the farmer's position. The law states that: a) the Italian
farmer with a family farm does not have to pay income tax or land use tax; b) the Italian farmer is
exempt from paying income tax on the use of the land; c) in case of land purchase, when the buyer is
a “coltivatore diretto” or professional agricultural entrepreneur (“imprenditore agricolo
professionale, IAP”), she/he will pay only 1 % of the purchase price as tax, while any other buyer
will pay 15 %. In 2017, the European Parliament called on all Member States to review their land
regulation in order to ensure fair access to land and to prevent it from being concentrated within a
few large farms (European Parliament 2017).

In addition to preserving the farmer's position, land regulation influences the capitalization of
subsidies provided by agricultural policies within the value of land and rental rate§. Stringent, land
regulation on the land market and land rental market would reduce the capitalisation of\subsidies
within the land price and rent. The literature presents both theoretical andbempiricalsStudies on
whether and how much of the subsidies provided through policies are capitalised within theland price
value. From a theoretical study, in a perfect market, decoupled direct payments, coupled direct
payments, rural development programmes and environmental paymefits could be capitalised within
the land price. However, empirical studies suggest that capitalisation‘ims@geal Tand market is lower
than theorised and depends on many factors such as subsidy type, land supply elasticity and farm
credit constraints. In addition to influencing land value, subsidies ¢am also influence a farmer's
investment decision and level of investment. Subsidies wete introduéed with the main objective of
supporting the farmer's income and represent a formgof,inceme not affected by production risks.
Consequently, subsidies could positively influen€ejthe inyestment decision and level especially in the
presence of an imperfect market.

The identified factors are not independent but‘interact and influence each other (Zimmermann et al.
2009).

In the literature, four empirical studies concerningithe farm size growth were identified that adopted
a regression model with the farm sizeas the,dependent variable (Akimowicz et al. 2013; Bremmer
and Oude Lansink 2002; Brenes*Munoz, et*al. 2016; Weiss 1999). In the literature related to
investment decision, two empisical sésearches were identified that also considered land as a form of
investment (Elhorst 1993; Qskam ‘eét,al. 2009). In addition, Jeong, et al. (2022) identified farm
economic characteristics thaticould affect the decision to buy or lease land in Korea by adopting the
machine learning algorithm “random forest”. Finally, Ziemer and White (1981) attempted to better
estimate farmland demand“imdGeorgia between 1970 and 1978 by accounting for the process
underlying the deeisioft to purchase.

Based on the, literaturg review, factors endogenous and exogenous to the farm that may have an
influence have beemyidentified and summarised in a conceptual model shown in Figure 1. Similar to
the studies on, farfn size growth (Zimmermann et al. 2009), we do not assume that the identified
exogenous.and endogenous factors are independent of each other, but that they interact and condition
each other.

L« Coltivatore diretto” is the farmer who contributes at least one-third of the total labour needs of the farm with his/ her
own or his/her family's labour.
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Figure 1 Conceptual model
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3. MATERIALS AND METHODOLOGY

3.1 Data and descriptive analysis
The analysis was conducted on Italian FADNdata of Italian farms observed between 2013 and 2020.
The data represent an unbalanced pamel data“eonSisting of 84610 observations representing 24212
farms. On average, the same farm rematas in the'sample for about 3 to 4 years.
For each farm, there is information ofa the¥structural characteristics of the farm, data on the farm's
balance sheet, and data on the socie=sdemographic characteristics of the farms.

Of the 24212 farms in the sample, 949 made at least one investment in land during the period in
question, of these 176 farins‘madeymore than one investment (Table 1).

Table 1 Descriptive analysis:’ Dimension of unbalanced panel data

Full Sample Buyer %
Number of observations 84610 1095 1,3
Number of farms 24212 919 3,8

Around 90% of the sample is characterised by specialised farms in cereals, arable crops, horticulture,
fruit crops, olive growing, viticulture, dairy cattle, herbivores and granivores. The remaining 9.45%
by non-specialised farms, of which 9.4% are mixed crop and livestock farms. The 32,9% of the
sample are annual production, 29,9% are permanent crops and 27,8% livestock farms (Table 2).
39.5% of the land purchases were conducted by farms specialising in permanent crops, followed by
farms specialising in annual crops and livestock. In particular, 18% of the recorded transactions were



conducted by farms specialising in fruit crops, 16.5% by vineyards, and 12% by farms specialising
in arable crops (Table 2).

Table 2 Specialisation of farms

Sample Buyers
N. % Total N. o .

Specialization |Observations observation | Observations 7o Total observation
No 7997 9,45 91 8,3
specialisation:

Unclassifiable 1] 0.013 0 0

farms

Mixed crops

and livestock 7986 9.4 91 8,3

farming
Annual Crops 27796 329 312 28,5
Cereals 8812 10,4 102 9,3
Arable Crops 10292 12,2 133 12,15
Horticulture 8692 10,3 77 7,03
Permanent 25305 29,9 432 39,45
Crops
Fruit Crops 10721 12,7 202 18,45
Olive growing 4034 4,8 47 4,3
Viticulture 10550 12,5 183 16,7
Livestock farms 23512 27,8 260 23,75
Dairy cattle 7339 8,7 102 9,3
Herbivores 12108 14,3 102 9,3
Granivores 4065 4.8 56 5,1
TOT 84610 1095 100

In terms of averdge UAA, Specialised livestock farms are the largest, followed by annual crops and
permanent cropssAmong all specialisations, farms specialised in viticulture have the smallest average
farm_size followedyby those specialised in fruit crops and horticulture. There is an important
differenee in farm Size between horticultural farms and those specialised in other annual crops. Farms
specialised im,permanent crops have lower “RENT/UAA” ratios than farms specialised in annual
crops and livestock (Appendix 1).

3.2 Empirical Model

Since the investment decision represents a discrete problem (Elhorst 1993), to estimate the probability
of participation decision we adopted a probit regression model.

The empirical model implemented to conduct the quantitative analysis was developed based on the
conceptual model in figurel and peculiarities of FADN data. In particular, the characteristics of our
database did not allow us to conduct a dynamic analysis, which would be appropriate since
investments in capital stock are not annual investments (Lefebvre, et al. 2015) and generally do not
occur at the same time as they are planned (Elhorst 1993).



The empirical probit model used is described by the following equation:

K
yi =Bot z BriXki + &
k=1

Where:

y; is the binary dependent variable that assumes a value equal to 1 in the year in which the

purchase occurs, 0 otherwise.

€ =composite error term.

i represents the single observation,

Xri 1S the observed value of explanatory variables that described factows linked to” farm

characteristics, farmer socio-demographic characteristics and exogenous variables,
The effect of x; on y;" is represented by By;. Bo and ¢; are respectively the intereept and the errors for
i.
The equation is estimated using the 'glm' function in Rstudio of the 'stats' package.
The explanatory variables (Table 3) introduced in the probit modeharc¥istéd and defined below.

3.2.1 Description of the explanatory variables and expected relation,

Utilized agricultural area

It is unclear what effect the initial size of the farm, may have on the growth of farm size and on the
investment decision. Given the nature and characteristicyof the data of this variable, it was decided to
introduce as an explanatory variable the “UAA,SQ¥which represents the squared value of the total
initial UAA of the farm regardless of whether it 1§,owned, leased, or free use. The use of the square
variable is able to catch the non-linear effeet of it. Assuming that farm size can also be a measure of
the farm's ability to generate income, (Qude Dansink et al. 2001), we expect this variable to have a
positive effect on the investment deciston.

Value added per hectarés

This variable was introdueed as)an explanatory variable representing the productivity of the land.
Through this variable, the aim#is to understand whether the productivity per hectare derived from the
farm's activity afféctsithe gtowth, of the farm size through purchase. According to the literature, the
farmer is encoutaged to buy land when productivity is high (Ciaian, Kancs, and Swinnen 2010).
Therefore, it is asswmed that, as productivity per hectare increases, the likelihood of the farmer
investing,in land ifcreases.

Value added per total work units

This explanatory variable represents the productivity of farm labour. It is defined as the ratio of value
added to total work units. It is assumed that as productivity per labour unit increases, the probability
of the farmer purchasing land also increases.

Production Specialisation

When not focusing on a single specialization (e.g., the dairy sector), the researchers introduced a
categorical variable related to farm specialisation (e.g Akimowicz et al. 2013) in order to understand
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whether the type of farm could influence the farm growth or investment decision. This is probably
related to the fact that the type of assets needed by a farm varies according to their specialisation
(Lefebvre et al. 2015). The data at our disposal include specialised and non-specialised farms.
Specialisation is defined according to the technical-economic orientation of the FADN database
(FADN 2018). In contrast to this original classification, in this model farms classified as "mixed crop
and livestock" are included in the "non-specialised farms". Specialised farms fall into 9 categories:
Cereal crops, arable crops, horticulture, fruit crops, olive crops, viticulture, dairy cattle, herbivores
and granivores. Therefore, the explanatory variable was introduced into the model to account for the
nine specialisation categories. “No specialisation" 1is used as the reference category since
specialisation is one of the main drivers of the search for economies of scale and farm growth.
Introducing this variable allows us to understand not only whether specialised farms invest more than
non-specialised ones, but also whether the probability of buying land in Italy changes as,spe¢ialisation
changes.

Utilised agricultural area *Specialisation

The necessary assets of a farm and the “optimal size” vary depending on the type ofifarming (Lefebvre
et al. 2015; Plogmann et al. 2022). In order to test whether the effect ¢f farm,sizé can vary according
to the type of farming, it was decided to combine the two previeuSWyariables "UAAsq" and
"Specialisation"., (Bremmer and Oude Lansink 2002).

Rent/Utilised agricultural area

On the one hand, renting allows the farm more flexibility and the possibility to invest its liquidity in
other productive assets (Swinnen et al. 2016). On, the other hand, land managed as property allows
the farmer to use it as collateral capital and ¢hus to haveygreater access to credit (Swinnen et al. 2016).
It was decided to introduce the ratio of the land managed under rent to the total utilised agricultural
area of the farm as a measure of the amount ofigollateral available (Benjamin and Phimister 2002;
Lefebvre et al. 2015). It is expected that‘as this ratio increases, the likelihood that the farm buying
land increases.

Machinery Plant Value

Machinery and plant repreSent another form of collateral capital for a farm. It is assumed that high
values of this variable cotrespond to a farm's recent investment in such productive assets that vary
proportionally to th¢'famm area{Plogmann et al. 2022). Furthermore, there is a correlation between
the intention to purchase land and investment in other farm assets (Lefebvre et al. 2015).Therefore, it
is hypothesised that thegfarm is inclined to purchase with the aim of maximising the productive
capacity of the asset in'which it has previously invested.

Commgn Agricultural Policy

The Common Agricultural Policy has been identified as an exogenous factor that can influence the
land pricejibut also the decision and level of investment. Subsidies received and capital financing are
not the same for every farm and for this reason it can be considered as an endogenous variable linked
to structural characteristics of the farm. It was decided to introduce two continuous variables. the first,
the ratio of income subsidies per hectare related to the first pillar of the Common Agricultural Policy
and COM. The second, the value of the investment subsidies received by the farm between 2013 and
2020 and connected to the measures of the second pillar of the Common Agricultural Policy.

Pre-purchase

Investment in land is a planned, long-term investment (Elhorst 1993; Oskam et al. 2009; Oude
Lansink et al. 2001). The land market is thin and local, and it could be difficult for a farmer to find
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the amount of land he wants at one time. (Cotteleer et al. 2008; Elhorst 1993). Therefore, it may
happen that the farmer must make more than one purchase to reach the desired level of investment.
The dummy variable “Pre Purchase” assumes a value equal to one when the purchasing farm has
already made a purchase previously between 2011 and 2020.

Diversification activities

In the literature reviewed, researchers have not considered the role that farm-related activities can
have on farm growth and the investment decision. The related activities that can be stimulated by
RDP measures allow for a diversification of the farm activity and represent a different form of income
for the agricultural firm. Three dummy variables were introduced for three agrictltural related
activities: agrotourism, energy production and contracting. It is expected that conducting agricultural
related activities increases the probability that the purchase will occur.

Family work units

Family labour can be considered as a fixed input of production within the farmy(Elhorst 1993) and
Elhorst's research showed that as family labour input increases, investment incteases. Weiss (1999)
and Oude Lansink, Verstegen, and Van Den Hengel (2001) showed that“the number of family
members affects farm growth and the investment decision. The vartable FWU/TWU was introduced
into the model as a measure of how much the business depends‘on family labour. It is hypothesised
that family farms have a greater interest in investing in the farm andsfarm growth and thus, as this
ratio increases, the probability that the farm invests in land mgreases.

Age of farmer and successor

The age of the farmer and the presence of the'successon,can affect the growth of the farm and the
investment decision. Since there may‘be severalfarmers and potential successors with different ages
on the same farm, it was decided to creatéifour dummy variables related to the holder and his/her age,
and one related to the presence of the successer. In particular, four age ranges were identified to which
dummy variables corresponded. B@éh,dummy variable relating to the holder takes the value of one if
there are no successors for that, obsefvation and if the holder or all the holders fall within the range
defined by the dummy variable. If'the Observation corresponds to more than one holder falling in
different age groups, all vartableswelated to the holders will have value zero. The variable relating to
the presence of a successor willitake a value of 1 if there is at least one potential successor between
the ages of 1 year and 4Qyycars<A successor was the one who was classified within the dataset as the
'son' or 'grandsonhofthe famer

Off-farm income

In thepliterature, it 1s unclear whether the earning of an off-farm income can be a prelude to leaving
the sector or represents a form of income that allows the farm to survive better and not leave the sector
(Lefebvre,et al. 2015; Plogmann et al. 2022). Based on the available data, a dummy variable was
created which takes the value of 1 if the farmer or a member of his or her family who is employed
part-time or full-time on the farm earns an oft-farm income >2000 euros.

3.4.3 Exogenous factors

As mentioned before, land is considered an asset that can be used as collateral and a safe investment
option. The model introduces two external factors: inflation rate and interest rate. It is assumed that
when inflation rates rise, the likelihood of purchasing land also increases. However, buying land may
require a significant investment that the farm may need to finance through a bank loan. As interest
rates go up, the probability of making such an investment decrease. The inflation rate values,
Consumer Price Index-CPI, are obtained from the ISTAT website every December of the reference
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year, while the interest rate is determined by the average annual yield of Italian BTPs (Multi-year

Treasury Bonds), which can be found on the website of the Italian Treasury Ministry.

Table 3 Definition of the independent variables and expected effects on the decision to buy land

Variables Specification Type of variable Expected
effect
Farm structural characteristics
UAAsq Utilised Agricultural Area square Continuous +
Production Agricultural specialisations Categorical; +
specialisation considered are: cereals, arable Non-specialised farms
crops, horticulture, fruit crops, as reference
olive growing, viticulture, dairy
cattle, herbivores, granivores.
VA/ha Ratio between Value added Ceontinueus +
(excluding Income subsidies and
COM subsidies) and UAA
VA/ TWU Ratio between Value Added and|“Continuous +
total work units
UAASQ *Production Continuous*categorical; +
Specialisation non-specialised farms as
reference
VA/ha*Specialisatio Continuous*categorical; +
n Non-Specialised farms
as reference
VA/TWU*Speeialisa Continuous*categorical; +
tion Non-Specialised farms
as reference
RENT/UAA The ratio of the rented UAA to the Continuous +/-
UAA
Machinery ~ Plant Value of Machinery+ equipment + Continuous +
value plant; It represents a proxy variable
for level of innovation on farms
Income subsidies/ha  Aid per hectare provided by First Continuous +
Pillar and COM
Investment subsidy  Investment aid (Second Pillar) Continuous +
Energy Production Farm produces renewable energy ~ Dummy +
Subcontracting Farm  carries subcontracting Dummy +
activities activities
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Agrotourism Farm carries out agrotourism Dummy +

activities

Pre purchase Purchases made between 2010- Dummy +
2020

FWU/TWU Ratio of family work units to total Continuous +
work units

Farmer sociodemographic characteristics

FARMER 18 39 The farm manager is between 18 Dummy +
and 39 years old

FARMER 40 49 The farm manager is between 40 Dummy -
and 49 years old

FARMER 50 59 The farm manager is between 50 Dummy -
and 59 years old

FARMER OVER60 The farm manager is aged 60 old or Dummy -
older

SUCC_1 39 There is a potential successor aged Dummy +
between 1 and 39 on the farm

OFFFARM INCOM Farmer with  non-agriculturalggpDumamy’ +

E income >2.,000 euro;

Children/grandchildren, fathéf=in-
law, parent, wife employed’ patts
time or regularly withy, non-
agricultural income>2000euro

Exogenous

variables

INTEREST RATE Interest rate recorded for each year Continuous +
on the Mistry, of ‘the Treasury
website

INFLATION RATE Inflation ratéstaken for each year Continuous -
from'the ISTAT website

3.4.3 Descriptive analysis of explanatory variables

Table 4 shgws the, deScriptive analysis of the variables included in the model, in particular each
varidble hasitwo values: one for all farms and one for “buyers” (farms investing in land during the
referenceperiod)sdThe average initial area of the sample is 33,7 ha, which increases by about 5 ha if
only buyefs are taken into account. The value related to value added per hectare (VA/ha) exhibits
significang variations among the farms. Nevertheless, these differences decrease considerably when
only the buyers are considered. Furthermore, the average value of the variable “VA/ha” is lower for
the buyers, whereas the median value for buyers is higher than the value within the entire sample.
The average value of machinery and plant of the farms that invested in land is more than twice as
high as the sample average. There are also important differences in both the median value and the
standard deviation. For the ratio of rented area to total farm area and of family labour units to total
farm hours, there are no important differences between the farms that purchase and the entire sample.
It should be noted that the purchasing farms have on average lower FWU/TWU than the sample
farms. The sample farms received, on average, a higher subsidy/hectare and capital financing than
the buying farms. Analysing the value of the median and standard deviation of the variable for
subsidies/ha related to the first pillar, the farms received a higher subsidy and a greater dispersion of
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values around the mean. For the period taken into account, there are no important differences in the
variables related to the exogenous context.

Table 4 Definition of the variables and expected effects

Standard
Variable Min Mean Median  Deviation Max
Farm structural characteristics
UAA 0,01 33,72 15,1 57,7 1754
UAA BUYER 0,23 37,73 19,54 62,17 909,75
UAAsq 0 4467.1  227.9 32704.46 30765 16:0
UAAsq BUYER 0,1 5286 381,8 35908,68 827645
VA/ha -209342 7121 2108 32496.66 3792972
VA/ha BUYER -2711 6345 3027 105481 112597
VA/TWU -838045 35197 25057 38215.14 1069950
VA/TWU_BUYER -18615 43418 32776 4338107 468484
Machinery and Plant Value -1628809 34683 6310 114923.9 5450764
Machineryand Plant
Value_B{JyYER 0 79280 30239 210057,8 4900435
Rent/UAA 0 0,38 0,19 0,41 1
Rent/UAA BUYER 0 0,3446 " 0,1954 0,3785 1
Income Subsidies/ha 0 260,1 33,8 1071,23 121033,9
Income Subsidies/ha Buyer 0 386,4 273,6 510,5 6408
Investment subsidy 0 583.9 0 6.866.118 639170
Capital Account Buyer 0 2008 0 15679 435000
Energy production 0 0,3679 0 0.18816 1
Energy production_ Buyer 0 0.075 0 0,264 1
Subcontracting activities 0 0,03543 0 0.1848 1
Subcontracting activitie§ buyery0 0,064 0 0,246 1
Agroturism 0 0,04306 0 0.20298 1
Agroturism_ buyet 0 0,05 0 0,218 1
Pre Purchase 0 0,0026 0 0,051 1
Pre PurchaSe Buyer 0 0,2 0 0,4 1
FWU/TWU 0 0,837 1 0,25 1
FWU/TWU_Buyer 0,017 0,75 0,92 0,29 1
Farmer sociodemographic characteristics
18<FARMER<39 0 0,14 0 0,35 1
18<FARMER<39 Buyer 0 0,17 0 0,38 1
40<FARMER<49 0 0,21 0 0,41 1
40<FARMER<49 Buyer 0 0,25 0 0,43 1
50<FARMER<59 0 0,23 0 0,42 1
50<FARMER<59 Buyer 0 0,22 0 0,41 1
FARMER>60 0 0,28 0 0,45 1
FARMER>60 Buyer 0 0,16 0 0,37 1
1<SUCCESSOR<39 0 0,09 0 0,29 1
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I<SUCCESSOR<39 Buyer 0 0,13 0 0,34 1
OFF _FARM INCOME 0 0,16 0 0,36 1
OFF _FARM INCOME Buyer 0 0,24 0 0,43 1
Exogenous factors

Inflation rate -0.20 0,45 0,5 0,42 1,1
Interest rate 1,14 1,86 1,81 0,77 3,6

3.4.2 Empirical models

To the best of our knowledge, there is no research of this type in the literature. Therefore, it was
decided to run five probit regression models to better understand how different factors might influence
the land investment decision:

e Model 1: the model considers all the variables described above and summarisediin Table 5
except for the variables “VA/ha” and “VA/TWU”. Thus, the model only e@nsiders the
“UAAsq” as the farm size variable.

e Model 2: Same as previous model, but the variable “UAAsq” also intesacts with specialisation
(“UAAsq* Specialisation™).

e Model 3: to model 1, the two variables farm productigityaperha (V'A/ha) and farm productivity
per total work unit (VA/TWU) were included.

e Model4: same as model 3 adding an interaction bétween the variable “Specialization” and the
two variables “UAAsq” and “VA/ha” wasWincluded (“UUAsq* Specialisation”, and
“VA/ha*Specialisation”).

e Model 5: same as model 3 but{the “WAAsq”, “VA/ha” and VA/TWU variables interact with

the specialisation variablef

4 RESULTS

4.1 Correlation analysis andWi&@analysis

To verify that these 150 relatiohship among the independent variables, a Pearson correlation analysis
and Variance Influencefaétors (VIF) were conducted. The results (Appendix 2 and 3) show that the
indices between the,independent variables are far from the threshold values. Thus, it can be ruled out
that there is multicellinearity between the variables considered in the empirical model developed.

4.2 Probit regression models

The five implemented models (Table 5,6,7,8,9) explain between 19 % and 20 % of the land investment
decision of the observed farms between 2013 and 2020. Even adding the two variables “VA/ha” and
“VA/TWU” and the interaction of the variable “Specialisation” with “UAAsq”, “VA/ ha”, and
“VA/TWU” did not improve the model. As the intercept value also shows, there are other factors that
were not considered that influenced the purchase decision. In addition to the value of Pseudo R2 not
varying, the sign of the independent variables also never changes in the different models
implemented. This indicates a good level of robustness of the model.

From the analysis and comparison of the five implemented probit regression models, it is evident that
the variables that influenced the land investment decision are: the ratio of the rented utilised
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agricultural area to the utilised agricultural area (RENT/UAA), the ratio of family work units to total
work (FWU/TWU), value of machinery and plant (Mechanization plant value), production of
renewable energy (Energy production) and “Subcontracting activities”, the age of the farmer, the
presence of a successor, “Off farm income”, and the two exogenous variables respectively inflation
rate and interest rate. These variables are statistically significant in all implementing models despite
introducing a new variable and the interaction between variables that differentiate model 1 from the
other four models.

The results of the five models show that, contrary to what was hypothesized, firm size and land
productivity negatively influence the probability of purchasing land, while confirming the positive
effect of the variable related to labour productivity. Among these three variables, the variable UAAsq,
although it appears to be less statistically significant, it is the one whose effect remains comnsistent and
stable within the five models despite the introduction of the interaction with the specialisation,variable
(model 2, model 4 and model 5). In this regard, model 2, model 4 and model®5 show that when the
farm specialises in permanent crops such as fruit crops and viticulture, andyimytheproduction of
horticulture, and herbivore livestock, the initial farm size positively influ¢hces the, land purchase
decision. Unlike farm size, the effects of land productivity (VA/ha) and™labour productivity
(VA/TWU) are lost when these two variables interact with the categorieal variable relating to the type
of farming (model 3, 4 and 5). Specifically, model 4and 5 show that productivityfper hectare increases
the probability of buying land when the farm specialises in fruit crops (p<0.05). In contrast to land
productivity, labour productivity not only loses its signifiéance when interacting with the
specialisation variable, but also does not seem to influence the investment decision in any of the
specialisation considered.

Regarding the specialization variable, the résults@are incomclusive. The impact of the few
specialization categories that appear to influencejthe probability of purchase is neither stable nor
consistent across the five models.. Specialization, affects, not always positively, the dependent
variable when considering farms specialized myfruit,erops, viticulture, and horticulture. For the latter
category, specialization has a negative impact omyland acquisition. Models 1 and 3 show that farms
specializing in permanent crops are more likely to purchase land. The effect of these specialisations
changes when the variables land productivity,(VA/ha) and labour productivity (VA/TWU) and the
interaction between these two vartiables andsSpecialisation are introduced into the model.

Contrary to the hypothesis, the farm is not inclined to purchase as the ratio of rented area to UAA
(RENT/UAA) and the rationef FWU to TWU (FWU/TWU) increases. In all models analysed, these
variables are statisticallyi significant (p<0.001) and negatively influence the probability of buying
land. Consistent with™the “hypothesis, the variable relating to the value of machinery and plant
positively affects the,probability of purchase. Of the three agricultural-related activities considered,
subcontracting activityap<0.000) and energy production (p<0.5) are statistically significant in all
models andépositivelyhinfluence the probability of the farmer investing in the farmland. All five
models_show that carrying out agro-tourism activities does not influence the farmer's decision to
investiin land. Sub-contracting activity and value in machinery and plant are the two variables related
to farmichiaracteristics that are most statistically significant (p<0.001) and positively influence the
decision te purchase land.

From the analyses carried out, the two variables related to agricultural policy subsidies do not seem
to influence the decision to invest in land. In all other models the two variables have no effect on the
dependent variable.

Regarding the sociodemographic variables, the presence of the successor aged between 1 and 39 years
positively influences the purchase decision in all the models implemented. The age of the
farmer/holder also seems to affect the investment decision. The results from the five models suggest
that, in general, being between 18 and 50 years old has a positive effect on the decision to buy land.
This probability is even higher if the farmer is aged 18-40. As was hypothesised, the variable on the
perception of off-farm income has a positive influence on the purchase decision and is one of the
most statistically significant variables (p<0.001).
14



Consistent with the hypothesis, the variables relating to the external macroeconomic environment,
i.e., the inflation and interest rates, influence the investment decision in opposite direction. As the
inflation rate increases, the probability of investment decision increases. As the interest rate increases,
the probability that the farmer will invest in land decreases.

Table 5 Model 1

Variable Estimate Std.error Statistic p.value
(Intercept) -2,02925 0,104478 -19,4227 4,96E-84 ***
Farm structural characteristics

UAASq -1,2E-06  7,1E-07 -1,72448 0,084622 .
No specialisation

Cereals 0,050576 0,061861 0,817562 0,413607
Arable Crops 0,055266  0,05832 0,947622 0,343322
Horticulture -0,13114 0,065892 -1,99019 0,04657 %
Fruit Crops 0,127162 0,055627 2,285978 0,022256 *
Olive growing -0,01181 0,074624 -0,15824 (10,8742
Viticulture 0,124953 0,055829 2,238162 0,025211 *
Dairy cattle 0,039657 0,062406 0,635463 03525127
Herbivores -0,04975  0,05958 20,83%5),0,403718
Granivores 0,014759 0,074215 "0,198868 0,842366
RENT/UAA -0,1214 0,033698%,-3,60269 0,000315 ***
FWU/TWU -0,33055 '0,049356  -669724 2,12E-11 ***
Machinary Plant Value 3,19E:07 7;02E-08%44539024 5,65E-06 ***
Subsidies UE/SAU" 1,9E-06%1,06E-05 0,179035 0,85791
Capital Account 1, 74E-069,1,09E-06 1,585145 0,112933
Energy production 05145373  "0,05958 2,439938 0,01469 *
Subcontracting activities 0,211659 0,058079 3,644351 0,000268 ***
Agrotourism -0303798" 0,061303 -0,61953  0,53557
Pre PURCHASE 7,473506 24,51225 0,304889 0,760451
Farm socio-demographicicharacteristics

FARMER 1839 0,223549 0,080916 2,762715 0,005732 **
FARMER 40349 0,176139 0,078891 2,23268 0,02557 *
FARMER 50 59 0,102417 0,079003 1,296358 0,194852
FARMERCOVERGO -0,04849 0,079899 -0,60692 0,543907
SUCC 1 39 0,210418 0,082712 2,543965 0,01096 *
OFF "BARM INCOME  0,116554 0,032475 3,58899 0,000332 ***
Exogénous factors

Inflation rate 0,102711 0,031766 3,233331 0,001224 **
Interest rate -0,12116 0,020088 -6,03132 1,63E-09 ***

Signif. codes: 0 “***>(0.001 “***0.01 “*> 0.05°.> 0.1 “° 1

N.observations 84610
N.farms 24212
Pseudo R? 0,1969
AIC 9449,1
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Table 6 Model 2

Variable Estimate Std.error Statistic p.value
(Intercept) -1,97278 0,106974 -18,4418 6,07E-76 ***
Farm structural characteristics

UAASq -1,8E-05 1,01E-05 -1,76454 0,077641 .
No specialisation *ref.

Cereals 0,014812 0,065264 0,226955 0,820458
Arable Crops 0,035546 0,061341 0,579489 0,562259
Horticulture -0,17526 0,068388 -2,56278 0,010384 *
Fruit Crops 0,080197 0,058392 1,373422 0,169621
Olive growing -0,01889 0,079616 -0,2372 0,812499
Viticulture 0,081881 0,058412 1,401778 0,160982
Dairy cattle 0,016336 0,066267 0,246521 0,805279
Herbivores -0,09526 0,062141 -1,53296 0,125286
Granivores 0,009716 0,078393 0,123935 0,901367
UAAsq*No specialisation *ref.

UAAsq*Cereals 1,63E-05 1,02E-05 1,591846 0sl1426
UAA sq*Arable Crops 1,2E-05 1,05E-05 1,144364%0,252473
UAA sq*Horticulture 1,8E-05 1,02E-05 4176043 0,078335 .
UAA sq*Fruit Crops 2,21E-05 1,06E-05%42,09057170,036567 *
UAA sq*Olive growing -2,8E-05 4,34E#05, -0,64604 0,518253
UAA sq*Viticulture 2,01E-05 7 0,05E-05"%,913096 0,055736 .
UAA sq*Dairy cattle 1,36E-05 ",05E-0§, 1,304731 0,191985
UAA sq*Herbivores 1,72E-05, 1,01E<05 1,705913 0,088024 .
UAA sq*Granivores -1,1E-06, 1561E-05 -0,06829 0,945555
RENT/UAA -0,11873 0,033778 -3,51498 0,00044 ***
FWU/TWU -0,34668 0,050258 -6,8979 5,28E-12 ***
Machinary Plant Valug RS59E-07  7,3E-08 4916479 8,81E-07 ***
Subsidies EU/SAU" 1,19E-06  1,1E-05 0,107778 0,914172
Capital Account LL66E-06 1,1E-06 1,50566 0,132155
Energy production 0,154468 0,059736 2,58584 0,009714 **
Subcontracting activities 0,217539 0,058278 3,732783 0,000189 ***
Agrotourism -0,04088 0,061488 -0,66492 0,506102
Pre PURCHASE 12,8663 40,68004 0,316281 0,75179
Farm socio-demographic characteristics

FARMER 18 39 0,21479 0,081078 2,64919 0,008068 **
BARMER ™40 49 0,17053 0,079045 2,157388 0,030975 *
FARMER 50 59 0,09462 0,079167 1,195197 0,23201
FARMER_OVERG60 -0,05634 0,080087 -0,70349 0,481748
SUCC 1 39 0,20331 0,082879 2,453102 0,014163 *
OFF_FARM INCOME 0,116426 0,032544 3,577474 0,000347 ***
Exogenous factors

Inflation rate 0,103918 0,031817 3,266172 0,00109 **
Interest rate -0,12202 0,020131 -6,06119 1,35E-09 ***

Signif. codes: 0 “***>(0.001 “***0.01 “*> 0.05 > 0.1 “° 1

N.observations 84610
N.farms 24212
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Pseudo R? 9446,3

AIC 0,1986
Table 7 Model 3
Variable Estimate Std.error Statistic p-value
(Intercept) -2,045 0,105 -19,397 8,18E-84 ***
Farm structural characteristics
UAASq -1,5E-06  7,7E-07 -2,00308 0,0451687 *
AV/ha -1,6E-06 9,46E-07 -1,7294 0,08373801 .
AV/TWU 8,63E-07 3,3E-07 2,616924 0,0088726 **
No specialisation *ref.
Cereals 0,037215 0,062066 0,599605 0,54876961
Arable Crops 0,050264 0,058365 0,861204 0,38912569
Horticulture -0,10695 0,067537 -1,5835 0,11330853
Fruit Crops 0,128527 0,055697 2,307599 0,02102146)*
Olive growing -0,01248 0,074735 -0,16703 0,86734686
Viticulture 0,122659 0,056015 2,189751 0,02854231 /%
Dairy cattle 0,025609 0,062677 0,408584%0,68284533
Herbivores -0,05549  0,05965 -0,93024 0,35224614
Granivores 0,001192 0,076438 0,015592%, 0,9875601
RENT/UAA -0,12716 0,033848 -3,75693, 0,00017201 ***
FWU/TWU -0,33126 0,049916 %6,63638 “3,2148E-11 ***
Machinary Plant Value 2,8E-07 726E-08 £3.856252 0,00011514 ***
Subsidies UE/SAU" 2,34E-06 1,18E-05 0497617 0,84334507
Capital Account 1,77E-06, "%09E-06%1,620226 0,10518384
Energy production 03135872 0,059832 2,270884 0,023154 *
Subcontracting activities  0,207201 0,058176 3,561636 0,00036855 ***
Agrotourism -0,0305Z 0,061388 -0,49806 0,6184439
Pre PURCHASE %,463387 24,52 0,30438 0,76083871
Farm socio-demographic characteristics
FARMER 18 39 0,223439 0,080945 2,760367 0,00577364 *
FARMER 40 49 0,173963 0,078917 2,204384 0,02749733 *
FARMER 50759 0,100882 0,079033 1,27645 0,20179632
FARMER OVER60 -0,04797 0,079945 -0,60002 0,54849104
SUCEml 39 0,212866 0,082742 2,572654 0,01009221 *
OFF{FARMINCOME 0,120334  0,03258 3,693551 0,00022114 ***
Exogenous/factors
Inflation rate 0,101524 0,031788 3,193758 0,00140434 **
Interest rate -0,11983  0,02009 -5,96484 2,4488E-09 ***

Signif. codes: 0 “***”(0.001 “*** 0.01 “**0.05 > 0.1 *’ 1

N.observations

N.farms
Pseudo R? 0.197
AIC 94442
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Table 8 Model 4

Variable Estimate Std.error Statistic p.value
(Intercept) -1,99374 0,108933 -18,3024 7,92E-75 ***
Farm structural characteristics

UAASq -1,9E-05 1,04E-05 -1,85328 0,063842 .
AV/ha -7,1E-07 2,63E-06 -0,2676 0,789008
AV/TWU 1E-06 3,51E-07 2,855578 0,004296 **
No specialisation *ref.

Cereals 0,072043 0,083218 0,865717 0,386645
Arable Crops 0,055166 0,066467 0,829975 0,406553
Horticulture -0,10531 0,077387 -1,36083 0,173566
Fruit Crops 0,007115 0,065407 0,108785 0,913373
Olive growing 0,068962  0,10743 0,641925 0,520922
Viticulture 0,056009 0,063879 0,876809 0,380591
Dairy cattle 0,000847 0,077215 0,010964 0,991252
Herbivores -0,08485 0,065411 -1,29714 0,194583
Granivores 0,007139 0,086704 0,082343 05934374
UAAsq*No specialisation *ref.

UAAsq*Cereals 1,75E-05 1,06E-05 15649353 0,099075 .
UAA sq*Arable Crops 1,24E-05  1,1E-05941,13446970,256598
UAA sq*Horticulture 1,9E-05 1,07E=05, 176849 0,076979 .
UAA sq*Fruit Crops 2,42E-05 CI09E-0572,223406 0,026188 *
UAA sq*Olive growing -3,5E-05 4,60E-05, -0.75006 0,453221
UAA sq*Viticulture 2,14E-05,, 1,09E-05 1,967757 0,049096 *
UAA sq*Dairy cattle 1,5E-05, T,08E-05 1,39341 0,163496
UAA sq*Herbivores 1586E-05 “1,04E-05 1,781584 0,074817 .
UAA sq*Granivores -5,2B-06 1,74E-05 -0,29753 0,76606
VA/ha*No specialisation *ref.

VA/ha*Cereals -7,3B-05 5,29E-05 -1,38756 0,165271
VA/ha*Arable Crops “1E-05 8,97E-06 -1,12181 0,261942

V A/ha*Horticulture -3,7E-06 3,45E-06 -1,08411 0,278315

V A/ha*Fruit'@rops 8,52E-06 4,23E-06 2,01371 0,04404 *
V A/ha*Q@livie, growing -3,4E-05 2,67E-05 -1,26886 0,204491

V A/ha*Vitiéulture 2,22E-06 3,93E-06 0,564954 0,572105

V Alha*Datry,cattle -1,6E-06  8,2E-06 -0,19265 0,847235
VA/ha*Herbivores -1,1E-05 9,75E-06 -1,13936 0,254554
VA/ha*Granivores -1,2E-06 3,17E-06 -0,36899 0,712137
RENT/UAA -0,12428 0,034028 -3,65222 0,00026 ***
FWU/TWU -0,3474 0,051617 -6,73025 1,69E-11 ***
Machinary Plant Value 3,04E-07 7,6E-08 4,001466 6,3E-05 ***
Subsidies UE/SAU" 1,85E-05 1,72E-05 1,07629 0,281797
Capital Account 1,66E-06 1,11E-06 1,500508 0,133483
Energy production 0,147989 0,06 2,46649 0,013644 *
Subcontracting activities ~ 0,214248 0,058618 3,654989 0,000257 ***
Agrotourism -0,04545 0,062279 -0,72979 0,465517
Pre PURCHASE 13,97034 39,52004  0,3535 0,723714
Farm socio-demographic characteristics

FARMER 18 39 0,211627 0,081357 2,601209 0,00929 **
FARMER 40 49 0,166384 0,079334 2,097254 0,035971 *
FARMER 50 59 0,090013 0,079462 1,132779 0,257307
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FARMER OVER60 -0,05757

SUCC 1 39 0,197505
OFF FARM INCOME 0,116606
Exogenous factors

Inflation rate 0,102362
Interest rate -0,12011

0,08041
0,083187
0,03276

0,031866
0,020178

-0,71592 0,474042
2,374226 0,017586
3,559429 0,000372

3,212269 0,001317
-5,95262 2,64E-09

Signif. codes: 0 “**** (0.001 “**’ 0.01 “*> 0.05 > 0.1 ** 1

N.observations
N.farms

Pseudo R?
AIC

84610
24121

0,

944

19

skeskeosk

sk



Table 9 Model 5

Variable Estimate Std.error Statistic p.value
(Intercept) -1,99498 0,115489 -17,2742 7,36E-67 ***
Farm structural characteristics

UAASq -2E-05 1,11E-05 -1,81586 0,069391 .
VA/ha -7,9E-07 2,86E-06 -0,27699 0,781788
VA/TWU 1,32E-06 1,65E-06 0,799903 0,423767
No specialisation

Cereals 0,07122 0,092882 0,766783 0,443211
Arable Crops 0,09771 0,082926 1,178278 0,238686
Horticulture -0,13821 0,097122 -1,42309 0,15471
Fruit Crops 0,023628 0,081487 0,28996 0,771847
Olive growing 0,051554 0,121524 0,424233 0,671396
Viticulture 0,057211 0,077299 0,740133 0,459219
Dairy cattle 0,082709 0,093701 0,88269 0,377404
Herbivores -0,07159 0,080316 -0,89129 0,372772
Granivores -0,03472 0,103522 -0,33543 05737302
UAAsq*No specialisation

UAAsq*Cereals 1,78E-05 1,13E-05 1,576344%0,114946
UAA sq*Arable Crops 1,49E-05 1,16E-05 1,281408 0,200051
UAA sq*Horticulture 1,92E-05 1,16E-05¢1,644969%0,099976 .
UAA sq*Fruit Crops 2,51E-05 1,15E=05 23170636 0,029959 *
UAA sq*Olive growing -4,5E-05 ¢ 5,18E-057%0,86149 0,388966
UAA sq*Viticulture 2,2E-05 W,1SE-05, 1,912193 0,055851 .
UAA sq*Dairy cattle 1,76-05, 1,04E<05 1,488127 0,136717
UAA sq*Herbivores 1,94E-05, "LIE-05 1,747083 0,080623 .
UAA sq*Granivores <b,1E-05 "9,95E-05 -0,56654 0,571024
VA/ha*No specialisation

VA/ha*Cereals =8,6E05 5,8E-05 -1,48766 0,136839
VA/ha*Arable Crops -8E=06 8,82E-06 -0,9121 0,361714
V A/ha*Horticulturé -3)7E-06 3,63E-06 -1,02881 0,303568
VA/ha*Fruit Cieps 9,08E-06 4,61E-06 1,968187 0,049047 *
VA/ha*Olivéygrowing -4,3E-05 3,07E-05 -1,41899 0,155902
V A/ha* Vitieulture 1,76E-06 4,38E-06 0,401473 0,688072
VA/ha*Daipy cattle 6,37E-06 8,45E-06 0,753606 0,451086
V Alha*Herbivotes -1,1E-05 1,02E-05 -1,0554 0,291243
VA /ha* Gramivores -1,8E-06 3,54E-06 -0,50791 0,611519
AV/TWU*No specialisation

AV LW U*Cereals 2,36E-07 2,02E-06 0,116892 0,906946

AV/TWU*Arable Crops -1,7E-06 2,09E-06 -0,81922 0,412663
AV/TWU*Horticulture 7,66E-07 2,04E-06 0,375434 0,707337

AV/TWU#*Fruit Crops -7,4E-07 2,09E-06 -0,35518 0,722453
AV/TWU*Olive growing  2,06E-06 3,96E-06 0,519424 0,603465
AV/TWU*Viticulture -5,5E-08 1,86E-06 -0,02988 0,976165
AV/TWU*Dairy cattle -2,7E-06  2,1E-06 -1,29293 0,196035
AV/TWU*Herbivores -5,1E-07 1,9E-06 -0,27174 0,785824
AV/TWU*Granivores 5,28E-07 1,79E-06 0,295245 0,767807
RENT/UAA -0,12308 0,034091 -3,6102 0,000306 ***
FWU/TWU -0,35157 0,051736 -6,79551 1,08E-11 ***
Machinary Plant Value 3,23E-07 7,85E-08 4,112943 391E-05 ***
Subsidies UE/SAU" 1,88E-05 1,72E-05 1,093637 0,274114
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Capital Account 1,7E-06 1,11E-06 1,532366 0,125432

Energy production 0,147376 0,060086 2,452755 0,014177 *
Subcontracting activities 0,213639 0,058772 3,635061 0,000278 ***
Agrotourism -0,04862 0,062315 -0,78028 0,435227
Pre PURCHASE 15,53225 38,49138 0,403525 0,686562
Farm socio-demographic characteristics

FARMER 18 39 0,209433 0,081497 2,569824 0,010175 *
FARMER 40 49 0,163576 0,079486 2,057915 0,039598 **
FARMER 50 59 0,088748 0,079589 1,115078 0,264817
FARMER_OVERG60 -0,05863 0,080534 -0,72797 0,46663
SUCC 1 39 0,194356 0,083337 2,332157 0,019692 *
OFF_FARM INCOME 0,113544 0,032812 3,460433 0,000539 ***
Exogenous factors

Inflation rate 0,102934 0,031912 3,225551 0,001257, *%
Interest rate -0,12062 0,020214 -5,96728 2,41E-09 | ***

Signif. codes: 0 “***>(0.001 “***0.01 “*> 0.05 ‘> 0.1 *’ 4

N.observations 84610

N.farms 24612

Pseudo R? 0,2

AIC 9450
5. DISCUSSION

In comparison to the few empirical¥studies on the growth of farm size and investment decision
including land, this researchiisgeondicted on the entire FADN dataset collected at the national level.
The analyses are not based on ayggample®t farms specialising in one type of farming and/or located in
a specific and limited .geogtaphiedl area. For this reason, our data are characterised by 90%
observations of farms specialising in 9 different productions and differ in farm and socio-
demographic characteristics@*This heterogeneity of the analysed sample is due to intrinsic
characteristics of'theItalianagricultural sector. The average surface area of the farms in the sample
is about 30_ha“above the average UAA recorded in the last ISTAT 2010-2020 census (ISTAT
2022).This is becausethe FADN sample is a stratified and selects companies with a Standard Output
above 8000 Buro.lin any case, the FADN data maintain a certain degree of representativeness of the
agricultural’sector and represent a useful resource in terms of the amount of data collected in Europe
(Centre for European Policy Studies 2008; Ciaian et al. 2010).

Out of thettotal observations, only 1095 (1.29%) invested in land between 2013 and 2020. The high
number of zero-observations can be attributed to the specific characteristics of the land factor and the
land market, as it is unlikely that farms invest in capital goods every year (Elhorst 1993; Nilsen and
Schiantarelli 2003; Oskam et al. 2009). The high number of zero-observations and the complexity of
ignoring the heterogeneity effect are some of the reasons why quantitative research using micro-data
in the investment decision-making process is challenging (Elhorst 1993).

In the empirical studies on the farm size growth and the investment decision, the role of utilised
agricultural area is unclear. The five models do not allow to clarify, but to better understand the role
of this variable. The initial farm size influences the investment decision negatively but has a different
effect depending on farm specialisation. This had already partly emerged in the study conducted by
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Bremmer and Oude Lansink ( 2002), which found that UAA had a positive influence on the size
growth of arable crops farms and a negative influence on the growth of farms specialized in protected
horticulture. In this research, the positive effect of the variable “UAA SQ” in the case of farms
specialising in fruit crops, viticulture and horticulture can be linked to two different considerations.
The first one is linked to characteristics of the FADN data. The mean and median value for permanent
crops and horticulture farms is lower than for other crops. This could confirm the hypothesis that
when a farm is very large it does not tend to invest in the land input (Lefebvre et al. 2015). The second
one is related to the intrinsic characteristics of the type of farming. Unlike annual crops, farms
producing permanent crops may prefer to establish new orchards on their own land. Obviously,
permanent crops require a higher investment cost and return on investment time than annual crops.
This could explain why farmers specializing in perennial crops might have an incentivefto buy land
because it grants them a property right that cannot be guaranteed by the rental contract. This aspect
could be particularly relevant in a country like Italy where the law allows leasés of igss than ['S¥years.
This consideration could explain the positive effect exerted by land productivityin the case of
companies specialized in fruit crops.

With regard to the effect of specialisation, the results showed that specialigation per se does not affect
the probability of land purchase of the farms in the sample, contrary togzhatywas assamed on the basis
on the theoretical literature. The introduction of interactions of this,categori€al variable with the
variables UAA, VA/ha, and VA/TWU has allowed for a better understanding of the behaviour of these
factors. The results of the interactions suggest that the effecthof fitm ‘Size, initiation, and farm
productivity may vary according to the specialization. | Consequently, specialisation plays an
important and crucial role in understanding and diffetentiating the effect of other factors on the
probability of land investment. This would confifm what has emerged from the theoretical literature,
namely that the factors that can determine farm ‘growth(are/not independent but interact with each
other. The effect of specialisation on farmi“growth and size had already emerged in the research
conducted by Akimowicz et al. (2013) aceerdingito Which specialisation influenced farm size,
changes in farm size and growth intensity in theidi-Pyrenees region between 2000 and 2007.

Although theoretically it would be desirable for a farm to have a balance between owned and rented
land, as the ratio of rented to total areay(RENII/UAA) increases, the likelihood of farms increasing
their share of owned land decreases. Fhiswesult could be a confirmation of the findings of the last
census of the Italian agricultufal se€tor aécording to which the amount of land managed under lease
has increased and this formgof management is also becoming established in Italy (ISTAT 2022). The
descriptive analysis of the data'in Afinex 1 shows that the farms in the sample specialised in permanent
crops have far lowem&RENT/UAA” ratios than those specialised in annual crops and livestock
farming. Understandingwhether isolating this variable would have a different effect depending on
the specialisations would be intetesting.

The results ot the,value of capital of machinery and plant confirm what the Bremmer et al. (2002),
Lefebwre et'al.(2015),"and Jeong et al (2022) research had already found. The former had shown how
the degree, ofmeéchanisation influenced farm growth for arable crops and horticulture in the
Netherlands. Befebvre et al.(2015)'s study of farmers' investment intentions in six European countries
had shown that farmers are most likely to invest in one asset class after they have already invested in
another. The correlation between the intention to invest in two types of assets was also shown between
land and the purchase of machinery and machinery replacement. Furthermore, research by Jeong et
al. (2022) had shown that the value of inventory and fixed assets were positively related to land
acquisition.

To the best of our knowledge, no research in the literature has included variables related to agricultural
policies and activities in models to explain farm growth or land investment. The results on subsidies
and funding related to European Agricultural Policies do not confirm the hypothesis that agricultural
policies can directly influence the decision to invest in land. Rather, subsidies could be seen as a
useful tool for the farmer to manage periods of market fluctuations rather than as a form of income
to make a long-term investment. The RDP measures do not directly finance land purchases, but they
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encompass financing for investments in tangible farm assets, innovation, and farm diversification.
The correlation analysis allows us to exclude the presence of a relationship between “Capital account”
and the value of machinery, and of these two variables with the dummy variable relating to
subcontracting and energy production. The results for the latter two variables and the forms of income
derived from off-farm income lead to the conclusion that the investment in a capital good is supported
by forms of income derived from a diversification of the activities carried out by the farmer.

The results confirm the conclusions of previous research on the positive effect of the presence of a
successor and a young farmer. Indeed, in line with the hypothesis, the presence of a young farmer or
a farmer under 50 years of age positively influences the probability of purchase. This is probably due
to the fact that the age of the holder has an impact on the time horizon of the investment.

The results for the introduced exogenous variables confirm the hypothesis. The magtoeconomic
context influences the investment decision. The inflation rate was not included ghmthe “empirical
literature analysed on farm size growth and investment decision, while the results fegarding the cost
of capital confirm what has already found by Elhorst (1993) and Oskam, etgal.2009).dt is worth
noting that there were no significant changes in interest rates and inflation rates duringtheteonsidered
period. It would be necessary and useful to observe farms over a longer period tofully understand the
impact of exogenous factors related to the macroeconomic context, sueh asythose that have occurred
in the last two years.

The models explain 19% of the land investment decision, suggestingythat there are other factors not
considered that influence the decision to purchase land. Theselative Pseudo R? value is lower than
that of other studies on structural change but more in line with studie§’on investment decision. As in
other research (i.e. (Akimowicz et al. 2013), the available data anddtheir quality have influenced the
choice of explanatory variables and the type of @nalysis. dttwasmot possible to conduct the analysis
on balanced panel data and include explanatory vamables'telated to the financial position of the farm,
its local area, and national and municipal land fegulationylnvestments in capital goods could represent
a significant investment that may evemgequire ajbankglean. These are rational decisions that the farmer
makes after analysis of the internal andyexternalfbusiness contest. Therefore, in order to study and
understand this type of investment it wiould'be appropriate to carry out the analysis on farms observed
over a long period of time. Whengesting and implementing the model, we attempted to include the
regional variable as a categorical wariable. " However, this variable reduced the statistical significance
of other explanatory variables related 4o farm structure. The regional variable already contains
information related to othemyariables such as specialisation, UAA, and RENT/UAA. This is because
the Italian territory is Righly“heterogeneous regarding territorial structure, production, and farm
management. For thi§¥eason, it'was preferred not to include it. Furthermore, the land market is thin
and local, and the absenCe of precise geolocation data for farms prevented the consideration of other
external factors; Farmets.tend to buy land near their activity to reduce and avoid downtime (Cotteleer
et al. 2008)#Tn this regard, the introduction of variables related to the right of pre-emption could be
usefahin understanding the Italian land market, given that such right is provided for within Italian
legislations

Finally,3if" addition to data availability, the lack of literature has influenced the design of the
theoretical, framework for developing the conceptual model and the interpretation and discussion of
the results.

6 CONCLUSIONS

This research represents a first attempt at an ex-post study using microdata to identify the factors that
have influenced the land investment decision in Italy by introducing variables related to structural
and socio-demographic characteristics, economic performances, agriculture policies and the
macroeconomic environment. The results showed that more than subsidies provided by agricultural
policies, income-generating activities from other on-farm and off-farm activities positively influence
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land investment. In addition, specialisation appears to be an important factor not so much in the
purchase decision, but in understanding and differentiating the effect of other farm structural factors
on the likelihood of land investment. The variables RENT/UAA and Family Work units/Total Work
Units are the main farm characteristics that negatively influence the probability of purchasing land in
Italy. As expected, the presence and age of the successor have been confirmed as important socio-
demographic characteristics for growth through acquisition. Although the research shows that the
interest rate and inflation rate influence the probability of buying land, it must be stressed that there
were no significant changes in either rates during the period under consideration. The five
implemented models explain approximately 20% of the land investment decisions of the analysed
farms. Therefore, other factors and the interaction between factors that need to be considered and
included that can influence farmers' decisions.

The lack of a well-structured database conditioned and limited this research as wellas,the'empirical
research analysed in the literature on farm size growth and land investment decisions. Imyparticular,
probit analysis on a balanced panel of farms observed over a long period of time was not possible
with the available database. Investment in land is much less frequent than other types, ofinvestment.
It is made following a farmer's consideration of available farm assets, his/ler ownyfinancial resources,
, the supply of land on the local land market, and macro-economiggfactors (i.e:”interest rate and
inflation rate). For this reason, the analysis of a balanced panel of farms, observed for a long time
could allow a more accurate analysis of the effect of determinants on the decision to purchase land.
In addition, the database influenced the identification and selectiomof vasiables that could best capture
the determinants that may influence the farmer's decision and ptevented the introduction of variables
related to e.g. the financial situation of the farm and land regulation,

In the future, the problem of the structured databdse could bésolved by linking the databases available
to different Italian institutions. The availability ‘ofya well-structured database could be useful to
capture and continuously monitor the dyfnamics and ‘¢hanges within the land market and in farm
management. The growth and spread of rentedilandand the entry into the agricultural sector of young
farmers willing to purchase land could'sequire the updating and adaptation of current land policies
and regulations that directly and indig€ctlyinfluence farm management choices and could provide
tools, including financial ones, to effectively, support generational turnover within the sector by
facilitating access to land and avoiding thesess of agricultural land.
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APPENDIX

Appendix 1 Descriptive analysis of farm size

Min Mean Median sd Max

RENT/ RENT/ VA/ RENT/ VA/ RENT/ VA/ RENT/ VA/
Specialisation UAA VA/ha VA/UL UAA VA/ha UAA VA/ha UAA WA/ha UAA VA/ha
P UAA UAA TWU UAA T™WU UAA T™WU UAA WU
No 0,01 0 j 232589 32,33 0,38 40143 26437 15,77 021 13407 19547 51,39 , OM1 2937648 2615584 920,1 1 1486980 574922
Specialised 9964,8
Annual crops 0,06 0 -71723  -153306 36,17 041 9380 34724 18 028 1370 @ 247676023 0,42 35042,68 3654229 1754 1 1395764 1069950
Cereals 006 0  -13250  -153306 51,51 04 1039.6 38694 30 026 8649 26348 _67,6 041 1542 39848 1279 1 103921.6 509952
Arablecrops 029 0 -20331 -111453 39,3 044 27192 32453 21,35 041 410834023383 64,7 042  5877,1 38000 1754 1 120828,1 1069950
Horticulture 0,07 0 -71723 -107227 16,9 0,38 25721 33388 4,5 0,158 9282, 25162 3729 0,42 59108 30447 110,75 1 1395764 617558
f:(f;‘;a“e“t 0,2 0  -35024 96116 14,73 027 6033 29864 7581 0 3928 23011 25,13 039 782081 27845 526,87 1 248960 728767
Fruit crops 0,2 0 5497 29242 14,03 026 6514 29666 7.53% O 4472 23411 245 038 71825 24810 413 1 7182,5 416912
Olive crops 0,85 0 3148 -23401 18,86 0,26 2903 23965,.10,55 W0 2199 19409 2843 0,39 29532 18167 394 1 67758 205770
Viticulture 0,3 0 -35024 96116 13,85 0,28 6741 325800 7994, % 0 4185 24348 2425 039 9299 32924 526,87 1 248960 728767
Livestock 005 0 y 838045 51,74 0,46 6680 44475 28 044 1727 31113 73,45 041 44480 49666 1687,54 1 3792972 863036
sector 209342
Dairy cattle 0,2 0 9222 -164891 49,13 048 4292, 48736 27 0,49 2917 37914 6566 04 5119 42163 770 1 90039 796655
Herbivores 0,1 0 -52896 234751 61,15 047 (@34%2 83066 3626 044 8531 24237 8343 041 12450 36867 1687 1 403098 587929
Granivores 005 0 oo, 838045 2843 0@ 93RO8 g0768 13,19 037 7439 52388 4327 042 102830 76804 514,55 I 3792972 g aoa
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Appendix 2 Correlation analysis

Machinery  Subsidies Capital
Plant Value UE/SAU" Accou

Subcontracting

Variable UAASq VA/ha VA/TWU Specialization RENT/UAA FWU/TWU . .
n, activities

Agrotourism Pre PURCHASE

Farm structural characteristics

UAASq 1 -0,023 0,167 0,023 0,048 -0,140 0,206 0,027 0,027 0,007
VA/ha -0,023 1 0,123 0,028 -0,016 -0,120 0,015 -0,010 0,014 -0,001
VA/TWU 0,167 0,123 1 0,119 0,108 -0,152 0,272 0,045 0,004 0,023
Specialization 0,023 0,028 0,119 1 0,029 -0,028 0,037 0,055 -0,069 0,003 -0,003
RENT/UAA 0,048 -0,016 0,108 0,029 1 0,023 0,045 0,047 0,065 -0,007 -0,005
FWU/TWU -0,140  -0,120 -0,152 -0,028 0,023 1 -0, -0,076 -0,001 -0,060 -0,024
Machinary _Plant Value 0,206 0,015 0,272 0,037 0,045 -0,184 0,281 0,083 0,037 0,041
Subsidies UE/SAU" 0,000 0,068 0,105 -0,004 0,017 -0,055 0,04 0,015 -0,004 -0,015 0,000
Capital Account 0,020 0,008 0,038 0,027 b 0,058 0,008 0,017 0,030
Energy production 0,043 0,019 0,151 0,055 1 0,060 0,071 0,018
Subcontracting activities 0,027 -0,010 0,045 -0,069 0,083 0,060 1 0,00 0,01
Agrotourism 0,027 0,014 0,004 0,003 0,037 0,071 -0,004 1 0,003
Pre PURCHASE 0,007 -0,001 0,023 0,041 0,018 0,010 0,003 1
Farm socio-demographic characteristics

FARMER_18 39 2E-05  -0,010 0,004 0,033 -0,001 0,038 0,001 0,008 0,021 0,005
FARMER 4049 4E-03 0,014 0,046 0,020 -0,003 0,013 0,011 0,019 0,013 0,009
FARMER_5059 -6E-03 0,004 0,015 -0,014 -0,004 -0,017 0,002 0,007 -0,013 -0,002
FARMER_OVER60 -2E-02  -0,019 -0,083 -0,085 -0,008 -0,037 -0,049 -0,053 -0,049 -0,020
SUCC_1_39 2E-02 0,012 0,023 0,064 0,002 0,017 0,046 0,023 0,047 0,012
OFF FARM INCOME -3E-03  -0,018 -0,0 0,005 -0,018 -0,003 0,001 0,002 0,037 0,019
Exogenous factors

Inflation rate 5E-03 0,001151 ,008 -0,001 -0,027 -0,008 -0,001 -0,001 -0,003 -0,003
Interest rate 6E-03  0,0087 -0; 0,001 -0,032 -0,004 -0,001 -0,011 0,017 -0,020 -0,013 -0,016 -0,016
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Variable FARMER 18 39 FARMER 4049 FARMER 5059 FARMER OVER60 SUCC 1 39

OFF_FARM Inflation
INCOME

rate

Interest
raf

Farm structural characteristics

UAASq 0,000
VA/ha -0,010
VA/TWU 0,004
Specialization 0,042
RENT/UAA 0,168
FWU/TWU 0,000
\I\;I;il;ineryi Plant 0.033
Subsidies UE/SAU -0,001
Capital Account 0,038
Energy production 0,001
Agrotourism 0,021
Pre PURCHASE 0,005
Farm socio-demographic characteristics
FARMER 18 39 1
FARMER 4049 -0,211
FARMER_5059 -0,222
FARMER_OVER60  -0,256
SUCC_1_39 -0,134
I oo
Exogenous factors

Inflation rate -0,010
Interest rate 0,005

0,004 -0,006

0,014 0,004

0,046 0,015

0,040 -0,006

0,099 -0,008

-0,042 -0,017

0,020 -0,014

-0,003 -0,004

0,013 -0,017

0,011 0,002

0,02 0,01

0,013 -0,013

0,009 -0,002

-0,211 -0,222

1 -0,283

-0,283 1

-0,325

-0,170 -0,206
0,021 -0,119
0,002 0,001
0,014 -0,004

-0,206

0,103

0,006
-0,006

-0,119
0,103

-0,005
0,014

0,001
0,006

-0,005

0,326

-0,004
-0,006

-0,014

0,326
1

30



Appendix 3 VIF analysis

Variable GVIF Df GVIF*(1/(2*Df))
UAASq 1,307725 1 1,143558
VA/ha 1,225749 1 1,10713
VA/TWU 1,327513 1 1,15 \
Specialization 1,593554 9 1
RENT/UAA 1,120124 1 5835
FWU/TWU 1,224457 1 1,10655
Machinary Plant Value 1,420266 1 , 9
Subsidies EU/SAU" 1,053369 1 6337
Capital Account 1,027879 ,013844
Energy production 1,172852 1 1,082983
Subcontracting activities 1,038119 1,018881
Agrotourism 1 1,012615
Pre PURCHASE 1
FARMER 18 39 1 2,348338
FARMER 4049 1 2,600473
FARMER 5059 1 2,560191
FARMER OVER6 6,17286 1 2,484524
SUCC 1 39 5275 1 2,108382
E ,056985 1 1,028098
1,11444 1 1,05567
1,117942 1 1,057328
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