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Abstract

The presence of risk in the agricultural sector has important implications for production decision
making and, therefore, the economic and environmental performance of farms. Given the risky
environment, the EU policymakers introduced several risk management tools aimed at the reduction
of the income variability of farms. The adoption of risk management tools impacts production
decisionmaking in several ways. Therefore, analysing the intgiogl between farm performances

and risk management tools is crucial for policymakers to foster both the economic and environmental
sustainability of farming.

Despite the significant role of risk and risk management tools in agricultural production decisions,
most studies on fardevel performanceanalysis do not account fditem Moreover, when included,

it is usually assumed thask and risk management toase independent of the error terms in the
model. Thereforegndogeneity issues are often not considered, which could overstate or understate
the effectof risk and risk management toala farm performance. Indeed, producers may modify
input use in respae to observe@ddverse eventsesulting in a correlation between inputs and
statistical error. In addition, endogeneity may arise when including the risk management tools. The
model misspecifications due to the absence of endogetreiymentmay lead to erroneous
inferences about the estimates of input elasticities, economies of scale, and inaccurate estimates of
technical efficiencyConsequently, the analysigy lead to incorreghterpretation and, ultimately,

to wrongpolicy advice.

Among the risk rmnagement tools, crop insurance represented the most funded instrument in the EU.
In spite of recent growth in the scientific literature on crop insurance in agricultural economics, only
a few studies have concentrated on the effects of crop insurancedipe on farm outcomes.
Specifically, the impact of insurance on productivity and technical efficiency has received scant
consideration. Therefore, the general objective of this thesis is to quantitatively assess the effect of
crop insurance on input yseroductivity, and technical efficiency of Italian farming producers. In
particular, this thesis examines whether insurance adoption could reduce farmers' inefficient input
use that results from the uncertainty of the results. Grape farming has betedsetes case study

since it is the sector where crop insurance has been most adopted in Italy. The novelty of this research
relates to the inclusion of crop insurance adoption endogeneity into the stochastic frontier approach,
allowing for the estimationf parameters with a higher degree of accuracy.

The thesis is divided into seven chapters. Each chapter attempts to lay the groundwork for answering
the research question. In particular, Chagdtentroduces the background, the problem, and the
research question, while Chapter 2 introduces the Italian crop insurance regulations and the spread of

subsidized crop insurance in the grggeducing sector.



Chapter 3 describes the theoretical backgdo@pecifically, the production function is introduced,
which is the first step to comparing the performance of producers. Subsequently, productivity,
technical efficiency, and their difference are discussed. Following that, the optimal input use and the
effects of riskaversion on production choice have been discussed. Finally, the impact of insurance
on farm performance has been reviewed. In particular, the dilemma which regardsytisization

or the moral hazard effects arising from the insuranogtazh has been investigated.

Then, Chapter 4 is based on ardepth literature review on farm productivity and efficiency, which

has been conducted using a scoping review methodology, focusing on studies that have included risk
and risk management toaisthin the stochastic frontier analysis. The main contribution of the review
relates to the indication of a literature gap concerning studies accounting for endogeneity and the
clarification of methods used to account for it by using aatommodatingtechastic frontier
approach. Despite the increasing methodologies proposed in the literature to deal with endogeneity,
only a few studies have treated it in farm feformance evaluations when using the stochastic
frontier analysis. According to the @imgs of the review presented in Chapter 4, it can be concluded
that there is a literature gap regarding the adoption of a comprehensive approach capable of dealing
with endogeneity when assessing farm productivity/technical efficiency and risk. Neglecting
endogeneity in these analyses may lead to biased estimates and, thus, distorted policy
recommendations. Endogeneity and risk issues need to be concurrently addressed to make strides in
achieving economic and environmental sustainability. The comprehexgiveach could help to
achieve more accurate estimates that could yield recommendations that ensure improved productivity
and technical efficiency of farmers.

Bearing in mind that, a case study has been implemented to assess how insurance affects Italian
specializedquality grape growers' production, technical efficiency, and input use while accounting
for the endogeneity of the crop insurance adoption. Therefore, a panel instrumental variable stochastic
frontier approach is applied over the years from84@02017 using data from the Farm Accountancy

Data Network. The methodology, the econometric strategy to deal with endogeneity, the dataset, and
the model specification are presented in Chapter 5, while the case study is documented in Chapter 6.
The findings highlight the need to account for endogeneity brought on by the adoption of insurance.
Moreover, it was found that crop insurance increases output and efficiency while decreasing the need
for intermediate inputs in Italian grape farming. It impliest timsurance assists in reducing the
suboptimal input use caused by repkersion and the uncertainty of farming outcomes.

Finally, Chapter 7 discuss the results, summarizes the main conclusion of the thesis, and highlights

the limitations and future resehrdirectiors.






1. GenerallIntroduction

1.1.Background
Agricultureis one of the sectors where risk plays a crucial roteenproduction procegg\hsan et
al., 1982; Ellis 1993) Farmers make resource allocation decisions in a complex enviromherd
factors atside their control may seriously affebefinal outcomeslin particular, farmers operate in
a context where the quantity, quality, and price of output to be produced are unknown when they
allocate the input€Commonlythe aricultural risk isattributed to the length and complexity of the
biological production cycle, which exposes farmers to several sources of risk that make yields, input,
and output prices highly variabl®loschini and Henresy, 2001)The nature of the agricultural risks
depends on several sources such as diseases, pests, weather, natural calamities, price volatility, anc
even political and institutional changégdditionally, in the future, the risk exposure of agricudtu
production is expected to increase due to upcoming challenges related to climate change, land
degradation, and water scarcity. Fastance many regions across the globe will face increasingly
difficult conditions characterized by a warming atmospjme unpredictable rainfall patterns, and
more frequent extreme evefiBCC, 2013, 2018)
Such a situation explains the wide array of farming practices and management approaches available
to the farmers tanitigatethe risks at the farm level, basically involving three broad areas of farming
decisions: production, marketing, and financBbéhlje and Trede, 1977 McConnell and Dillon,
1997). These management approaches anctigga include, among others: -oand offfarm
diversification of incomeyenerating activitie§Chavas and Kim, 2010; Corsi and Salvioni, 2012;
Bellon et al., 202Q)inputs intensification(Foudi and Erdlenbruch, 2012; Pagnani et al., 2021)
varietal diversification(Di Falco and Chavas, 2006; Gotor at, 2021) vertical integration and
contract farming(Hennessy, 19960tsuka et al., 2016forward contracting and futures hedging
(Asplund et al., 1989)and crop insurancéAhsan et al., 1982; Nelson and Loehman, 1987;
Ramaswami, 1993)
Ensuring he stability of farm income has been one of the gohksgricultural policies in the EU
(Severini et al., 2017)However, cespite the relevance of risk in agricultutiee discussionon a
commonrisk managementools strategyhas long been on the margin of European debate. The
primary causes are related to the structure of Common Agricultural Policy (@&Pnterventins,
which have supported the income of agricultural producers with the presence of retakiizing
measuresuch aghe production quota systeandguaranteed pricg#luirne et al., 2000)With the
phasing out of CAP guarantees provided to farniersthe market stabilizationfollowing the
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international trade agreements, the need for risk manageowmdsntat the farm levelas becoming
increasinglymoreimportant(CortignaniandSeverini, 2012Capitanio et al., 2013After many years

of debate othedevelopnent ofpublic interventionsvhichtargetto redue the income variability of
farmers, the concern of risk managemerdtrumentsobtained legislation consideration in the
Community with the approval of the EU Regulation 73/2009 (Art. 68).

Finally, the EU Regulation 1305/2015 has established a-anuiid funding program in the Rural
Development Policy 2012020, proposing three types twols such as crop insurance (art. 37),
mutual funds (art.38), and income stabilization tool (art. Baying the years from 2014 to 2020
among these three instrumentgpenditure on crop insurance represdrbout82% of thetotal
experseon agricultural risk management measyiardaji et al., 2016)

Sincepublic expenditure on agricultural crop insurance poligemining importance in the toolbox

of theCAP,researchers amblicymakers have many reasons to be interested in whiéhgrovision

of this risk management tool affects farm outconldee effectivenesand efficient design of crop
insurance schemesaycontribute to achieving the United NatioBastainable Development Goals,
which aim to reduce poverty (SDG 1), hunger (SDG 2),chinthte impact (SDG 13Khanal et al.,
2021; Vyas et al., 2021More specifically, crop insurance may play a key role in achieving SDG 1,
which aims to enhance the resilience of vulnerable farmers and reduce their exposure to economic,
social, and environmentadverse eventand disasters. It is particularly reletan areaswhere
agriculture is a principal source of the gross domestic product and is essential in employment creation
too. Moreover, crop insuraneeay lead tchigher agricultural outcomes to ensure safe, nutritious,
and sufficient food for all individals and to face the increasing demand for food due to the expected
population growth(Fukase and Martin, 2020n line with the SDG 2 target$-or example, by
reducing the impact of uncertainty of outcomes, the purchase of insurance may lesacenssk
farmers to move toward optimal levels of input allocati@hsan et al.1982; Nelson and Loehman
1987; Ramaswamil993)andraise thenvestmentgVigani and Kathage, 2019vhich result in an
increase of output producefinally, crop insurancenay sypport farmers in the process of adaptation

to climate challenge¢Di Falco et al., 2014knd improve the environmental sustainability of
agricultural production by inducing farmers, fimstance to reduce the use of detrimental input
(Capitanio et a).2014) aiming to pursue SDG 13 tatg. Thus, crop insurance has the potetaial
foster economic and environmental sustainability of farm production, also impacting the social
aspects.

Yet, there also can be intended and unintendededfdets associated with crop insurance uptake that
policymakers should account for to design adequate poliByesliminishing the impact of a loss

associated with the insured event, the insurance contract may ¢aangey practicesncreasinghe
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likelihood of the insured event occurriagdthe severity of the loss. Moreovég farmersthatare

more likely to experience the insured event are more willing to insure at a given premium. Previous
literature defined these challengascordinglyas maeal hazard and adverse select{dielsonand
Loehman, 1987; Ramaswami, 199@0oschini and Hennessy, 2001)For both, the underlying
conclusion fotheoutcomes the samdnsured &rmers are more likely to produce lower yields than

uninsured farmers with comparable observable characte(@uicggin et al., 1993)

1.2. Problem Statement
The presence of risk in the agricultural sector has important implications for the production decisions
and thus the economic amhvironmental performance of farms. Givere tisky environment,
farmersoperate in a situation whegput use decisionare maddefore knowing théuture state of
nature For examplejt may be consideed the lag between land allocation and climate conditions.
Therefore farmersallocate inputs according to their subjective risk preferences, which usually are
separated into risétittitudesandperceptiongPennings and Garcia, 2001; Bozzola and Finger, 2021)
Risk perception is related todffiact that farmers allocate the inputs according to their personal beliefs
about the occurrence of events and the relakmectedmpact onyields, prices, andn general,
agricultural outcomes
On the other handisk attitude reflects the individual predisposition to risknplies thatisk-averse
farmers' production decisions differ from rgkutral choices. In particular, while rigsleutral
farmers employ the input vectortending tomaximize profits, riskaverse ones also try void
income loss by minimizing the impact of risk on product{dast and Pope, 1978; Antle, 1983)
Hence the riskaversionintroduced bythe uncertainty of outcomes causes a more conservative input
use, which results in neprofit-maximizing input allocation and, consequently, lower farm
performancgNelson and Loehman, 1987; Ramaswami, 1992)
As mentioredin the previous paragraptrop insurance marepresent an instrumentgaidefarmers
to improve production choiceby reducing the effect of risk aversitdmat may causenefficientuse
of the inputsMore in general, crop insurance may substitute other risk management strategies, such
as for example,pesticide useand diversification with a subsequenimpact on farm outcomes.
Indeed, the adoption of insurance getentially interlinked with the input allogah. Previous
literature has identified twomain mechanisms through which the adoptimincrop insurancenay
affect the input use decisions nainetensive and extensive marggffects(Wu, 1999; Graveline
and Mérel, 2014; Moéhring et al., 2090First, theinsurance adoption ay change input application
ratesreflecting a reoptimization of input us¢éNelsonandLoehman, 1987; Ramaswami, 19%i)
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moral hazardqHorowitz andLichtenberg, 1993; SmitandGoodwin, 1996)Second, insurance may
impactthe cropping pattermecisionsof farmers(Wu, 1999; Goodwin et al., 2004jor example, it
mayinduce farmers tomcrease the land devoted to the insured risky didpsan et al., 1982jurther
enhancing the specialization in such crfgigani andKathage, 2019Due to thedifferentinput use
levels between crops, land use decisions are related inextricably to inpetvelseAs a result
changes in input use will directly affect farm outcor(t@skley et al., 1998; Roll, 2019)

Crop insuranceepresergone of the most investigated tools wlemsideringhe riskimplicationin
agricultural economic#\ large amount oliteratureaims tostudythe factorsnfluencing the demand
for insuranceinsurance pricingand contract desigivyas et al., 2021)Moreover,awide range of
literature aims to studythe effecs of crop insuranceon input usewhich shows contradictory
conclusions According to the empirical literaturepme authors found thatrop insurance is
positively related to inputise(e.g., Horowitz and Lichtenberg 1993), while other studies falbatd
the adoption of isuranceends tadecreasénput use(e.g., Quiggin et al. 1993; Smith and Goodwin
1996; Babcock and Hennessy 1996)ereforethe effects of insurance on input use are an empirical
issue.For instance Moéhring et al. (20208 showed thafpestiéde application might increase or
decrease depending on the crop, cropping system, and tppstaideanalysedDespite somewhat
discrepancies in the results, little effort is made to explain the underlying ¢Ratle2019)

Even though the scientific literature on crop insurance in agricultural economics hasogerre
last years, only a few studies have focused on the consequences of crop insurance expenditure on
farm outcomesSpecifically,little attention has been ghio the impact of insurance on productivity
(Vigani andKathage, 2019and technical efficiencgRoll, 2019)

1.3.ResearchObjectives
The aim of the present work is to investigate how insurance adoption impacts the input use and
outputs of Italian farm production. In particular, tiigectives of the current study are to examine the
effects of insurance adoption on the input use, productivity, and technical efficiency of Italian
agricultural producers.
To analyse the above mentioned relationships, firstly, the literature that ashessegact of risk
and uncertainty on production decisioraking has been examined. Subsequently, the literature
aimed to investigate the effect of insurance on input allocation and farm output has been reviewed.
Then, the literature to explore the methow handle risk in the agricultural productivity and
efficiency analysis has been reviewed systematically using the Scoping review methodology
proposed byfricco et al(2018) Additionally, a specific focus was dedicated to the applied methods
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thataccount for the endogeneity sources while investigating the effect of risk and riagenzent

tools on production decisiemaking. Finally, to estimate the impact of insurance on input use,
productivity, and technical efficiency, a stochastic frontier model was implemented following the
approach proposed Boll (2019)that studied these relationships in Norwegian salmon farming. In
particular, grape farming was selected as a case stndggrapevine is the main product of the
Italian subsidized crop insurance mard&MEA, 2018)

The contribution of this researehfersto the inclusion of insurance expenditure in the stochastic
production frontier framework model to investigate the potential relationship between crop insurance,
input use, and farm performances. More specifically, this thesis seeks to determm@ahce
adoption might alleviate riskverse farmers' suboptimal input use that arises from the uncertainty of
the outcomesCertainly, there is no simple answer to this questioe to themultifacetednature of
therelationship between the insurance@@ge status of farms and farming outcolf&sl, 2019)

while the likely existence of moral hazard/adverse selection for insurance adoption makes the above
mentioned relationship particularly worthy targpanalysedQuiggin et al., 1993However, this is

not a sufficient reason to jufy the lack of this kind of study. According Wyas et al(2021) which

mapped thditerature on agricultural insurance over the world during the years from 2000 to 2019,
research with a focus on this topic at the European level is scarce, while most studies on the relation
of crop insurance and farm outcomes are conducted in the cohtatthern American agriculture.

The novelty of this research relates to the inclusion of potential endogeneity of crop insurance
purchases into the stochastic frontier approach, providing the estimate of more reliable parameters
(KarakaplarandKutlu, 2017hb)

The findings of this thesis may guide the policymaketh@design oproper crop insurance policies

which target to increase the results of farms in economics and environteen&Moreover, it may
convince farmers to increase thdoptionof crop insuranceEven thoughthe Italian government
provides one of the highestibsidies in the worldhe participationto insurance programraés quite

scarce and concentrated in some reg{@&mgolraset al., 2012; Santeramo et al., 2Q@pally, this

work aims to inform insurance companies and policymakers in determining the effect of insurance
on production results. One of the main problems related to the diffusion of this instrument is the
asymnetric information and the lack of trust among agéanteramo, 2018 he problems referred

to as moral hazard and adverse selection might represent a clamp down on the growth of the insurance
supply. Therefore, studies that purpose to investigate thesgioetships may provide results to
measure the net effect of the risk reduction or moral hazard impact resulting from the insurance

uptake.
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1.4.Thesis Outline
The remainder of the thesis is composed of six chapters. Each chapter aspires to build the path to
arrive at to reply to the central research question. First, it is described the Italian crop insurance
market. Then, the theoretical background related to the production function, the productivity and
technical efficiency, and the uncertainty effect ondpiion decisions have been introduced.
Subsequently, the methodological framework which refers to the inclusion of risk and endogeneity
in the stochastic frontier analysis has been reviewed. Later, the methodology, the Farm Accountancy
Data Network, and odel specification implemented to examine the case study of the present work
are presented. Finally, the last chapters contain the results and the discussion and conclusion.
Specifically, Chapter 2 describdéee Italian crop insurance legislation and tifeudion of subsidized
crop insurance in the grape growing sector.
Chapter 3 describebe theoretical background related to the research question. First, the production
function and the key performance indicators to evaluate farm performances, suaduat\prpand
technical efficiency, are introduced. Subsequently, the optimal input use and the consequences of
risk-aversion on production decisionaking are described. Finally, the insurance effect on farm
performances is reported.
Chapterd reviews the literature on the different methods proposed to deal with risk in the stochastic
frontier approach. In particular, soping review is performed to study the methods proposed to
investigate how risk and riskanagement tools were included mstframework in agricultural
economics. Moreover, a particular focus sitm analyse the techniques to deal with endogeneity
while accounting for risk and risk management tools in the stochastic frontier approach.
Chapters first presents the methodologyplemented in this thesis, based on a model developed in
the recent literature. In particular, it describes the stochastic frontier approach and the model proposed
by KarakaplanandKutlu (2017) to handle endogeneity by using an instrumental variable method.
Moreover, itdescribes the dataset used in this wbikally, the model specification explained
Chapter6 assesses the role of insurance in Italian grape produttien, the descriptive statistics of
the Farm Accountancy Data Network sample are reported, as well as the results of the estimated
model. Finally, the findings of this analysis are discussedjging some conclusions.
Finally, Chaptef7 summarise the analysis conducted in this study and highlights the limitations and
future research direction. To conclude, the chapter outlines the implicationsnoéitheesults and

summarises the main concloss.

13



14



2. The ltalian Crop Insurance Market

2.1.The Fondo di Solidarieta Nazionale and th&®isks ManagementPlan
In Italy, public intervention in agricultural risk management has a long history.Fohdo di
Solidarieta NazionaldFSN) was established in 1970 to compensate farmers harmed by natural
disasters. Risk management has been based-pos¢xompensationsngie the early 2000s. Since
its inception, the system has undergone numerous reforms. During the first thirty years, compensatory
interventions and activerotectionsystems absorbed more than 70% of the public expenditure
allocated to FSN interventions, iérisk management instruments such as insurance received less
attention(ISMEA, 2010)
More recently, Italy adopted the Community Guidelines for State Aid in the Agricultural Sector
regarding compensation for damage and insurance premium subsidggtegislative Decree N.
102/2004 and subsequent amendments. Consistent with the economic policy guidelines on
agricultural risk management adopted in other European countries, the priority objective of the FSN
reform introduced with Legislative Decree. N02/2004 is to shift public interventignand
consequent resourgéeom expost compensatory measures for losses caused by natural disasters to
an exante defence system based on risk management tools. More recently, in accordance with
Community legisition, the Decree also established the conditions under which it is possible to
provide subsidies to agriculturfitms. In particular the interventions that can be activated at the
expense of the FSN are primarily of two types: actions to stimulate the adofptisknmanagement
tools and compensatory interventiqosly in the case of nemsurable risksintended to aid in the
econanic and productive recovery of agricultural enterprises damaged by natural disasters.
The Agricultural Insurance Plan, more recently known as the Risks Management Plan, is one of the
most relevant documents for the Italian risk management deditsition. Every year, the document
is published by the Decree of the Minister of Agricultural, Food, and Forestry Policies, following the
evaluation of proposals discussed by a specific technical commiEsiery. year lhe Decree lists the
insurable crops, livesttic and farm infrastructure, each year, along with the insurable adverse
climatic conditions, plant and animal diseases, and parasitic infections. The Decree also specifies the
insurance schemes, premiums, and subsidies.
The Italian system for crop insurabtas evolved during the years that the present thesis aims to
analyse. As for insurance schemes to cover the adverse conditions, from 2008 to 2014, three different
contracts were available for farmers. The insurance coverage may include single advéltse wea

conditions, plant diseases, parasitic attacks, and epizootic diseases for the events admitted to the

15



subsidized insurance through the stipulation of masio contracts, or it may include two or more
harmful events through the stipulation of plusk contracts. Furthermore, mutisk policies on

yields aim to stabilize farm revenues by covering all the adversities admitted to the subsidized
insurance. Starting in 2015, a new set of contracts replaced the previous system. The new schemes
differentiaed the insurable events into infrequent, frequent, and additional adversities. The contract
schemes differ according to the different combinations of harmful events. Contract A covers all the
perils, such as infrequent, frequent, and additional adversittegract B covers the totality of rare
perilsand at least one of the recurrent damage. Contract C covers at least three among the frequent
perils plus possibly one or both additional adversities, while contract D covers all the infrequent
perils

Furthemore, the policy related to premium subsidies, which aims to stimulate the adoption of crop
insurance, has also undergone different changes between 2008 and 2017. In general, the public
contribution decreased during the period under analysis. In partithé reduction was related
mainly to the contracts that cover fewer adverse climate events. In particular, since 2013, subsidized
crop insurance policies must include coverage for at least two climatic adversities, and since 2014,
coverage for at leadtitee harmful events. As a resulince2013, the subsidy is no longer available

for monarisk contracts.

These recent policy adjustments have slowediffigsionof crop insurance. In particular, the support

for risk management tools has been movedéoRural Development Policy as a determination of

the 2013 CAP reform, changing the administrative rules of the system. This transition has resulted in
a lack of familiarity with the new regulations and delays in payments of subsidization and, as a result,
it caused a lower uptake of crop insurance in I(@lgletta et al., 2018 However, while there ian
extensive literature aiming to investigate theterminants of insurance adoption in Italy, less is
known as regards the effect of insurance on farm economic performances, which can explain some

of the problems related to the low diffusion of crop insurance.

2.2.The Subsidized Crop Insurance Marketin Grape for Quality Wine Production
The distribution of the type o€ontracts utilized in the grape growing production are reported in
Figure 1, while the insured value and tamount of thepremium actually paid are reported
respectively in Figures2 and 3. Figure 1shows thatfrom 2008 to 2012, monrsk insurance
represented the most diffused contract even though its adoption rate decreased from 60% in 2008 to
around 45% in 2012. With the ending of subsidies on this contract in Z0fr&rmainly adopted

the plurtrisk scheme crop insurance. In 2014, when covering at least three climatic adversities was
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mandatory to access the public contribution, the rnigiki scheme reached the highest diffusion
arriving at around 37% of the subisield contract. Therefore, the change in the numbeemisto be

included to access the public subsidies impacted the diffusion of contracts favouring the spread of
schemes that cover several adversities. Finally, from 2015 to 2017, fanmieaig adopte the type

B and C contracts, which are similar to the phisk, while the A schemwasless diffused than other
schemes, as the mutisk in the previous years. The diffusion of scheme C decreased from 68% in
2015 to 51% in 2017. At the same time, ddoption of scheme B increased from 18% to 35%.
However, with the new legislation, the A scheme has a higher spread compared to the past. In fact, it
arrived at around 14% of subsidised contracts, compared to the 5 or 6% diffusion rate from 2008 to
2012.

Figure 1. Subsidized Crop Insurance in Grape Production
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As for the insured value and the premium paid, the Italian grape growers sector follows the whole
Italian crop insurance diffusion. From 2010 to 2014, there was a significant increase in both the
insured value (Figurg) and the premium paid (Figu8. The legislative change of policy insurance
schemes in 2014, which entered into force in 2015, has slowed the expansion of crop insurance. As a

result, there was a reduction in both the insured value and premium paid.
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Figure 2. Insured Value in Grape Proction(Current Value)
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Figure 3. Premium Paid in Grape Producti@urrent Value)
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3. Theoretical Background

3.1.Introduction
Risk and uncertainty have a significant influence in production deeisiaking in the agricultural
sector(Ahsan et al., 1982)it is welkknown that since farmers make input use decisions before
knowing the true state of nature, they choose the input allocation according to their subjective
propensity to take a dain level of risk(RooserandHennessy, 20QXerroni, 2020) In fact, while
exerting theirtypical actions, farmers do not aionly to maximize profits but also try to minimize
the risk impact on income logsoschiniandHennessy, 2001 Regarding the conceptualization of
agricultural risk, itis usually attributed to the lengtand complexity of the biological production
cycle, which exposes farmers to risks such as pests, erratic climatic changes, price fluctuations, and
even policy changg®uong etal., 2019; Komarek et al., 202@ccording tokomarek et al. (2020)
agricultural risls are classified into production, market, institutional, perspaad financial risks.
Production risks stem from tmatural growth processes and are also related to weather and climatic
conditions. These are factors beyond faemel <ontrol rendering the stochastic nature of
agriculture. Market risks are associated with price volatility for both input and outpes.pFactors
such as asymmetric information, international trade, and liberalization constitute market risks.
Institutional risks are generally associated with abrupt policy and regulation changes, as well as
changes in the behaviour of informal institusahat affect transactions. Personal risks are farmer
specific related to health, personal relationships, andlveallg, whereas financial risks stem from
farm finance factors, credit acceasdinterest ratgpayments
Researchers and policymakers haemy r easons to be interested
decisionmaking andthus economic performances. Farm performance evaluations are fundamental
for policymakers and producers parsueboth the economic and environmental sustainability of
farming (Farrell, 1957)Moreover, mder st anding the interrelation:
risky environment and farm performance is essential to enhance the effectiveness of policy measures
(Khanal et al., 2021} or example, while riskeutral farmers aim to maximize profits by considering
only the mean effect of production, riakerse producers account for both mean and higher moments
of production function(Antle, 1983) Therefore, riskaverse production decisions differ from risk
neutral ones due to the existence of a marginal risk premium which is the absolute value of the risk
effect of input use on outp(iRamaswami, 1992he marginal risk premium may have a positive or
negative sign and indicates whether féslerse producers use more or less input tharnasiral

ones. hus, riskaverse farmers use less riskkreasing (and more risecreasing) inputs to cope
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with risk compared to riskeutral farmes, who employ the profitnaximizing input vecto(Nelson
andLoehman, 1987; Ramaswami, 199dgncethe riskaversion due to the uncertainty of outcomes
may result in nofprofit-maximizing input use, resulting in lower technical efficiency and
productivity.By ignoringtherisk impact on productiorBattese et al. (199¢pnclude that estimates

of technical efficacy would be skewe@onsequently, neglecting the interrelation between farm
performances and riskverse deviations from efficient behaviour would lead to masglipolicy
implications and recommendatiofiist, 2003)

Therefore, the present gtar reviews the literature on the theory related to the production function

in agricultural economics. It is needed since estimating the production function is the prerequisite to
evaluating the performance of farms. Subsequently, productivity and méfycief farms are
introduced since they represent the key performance indicators to investigate the farm performances.
Later, it is illustrated the optimal use of input under certainty and uncertainty conditions, which
represent the condition in which farmgerate. Finally, the riskversion consequences on production

decisionmaking and the crop insurance effect on productivity and efficiency are illustrated.

3.2. The Production Function in Agricultural Economics
Farmers are economic agents who continuously have to decide how much input to devote to the
growth of crops and animals. W exerting theireveryday actions, farmers face decisions
concerning how much land, capital, labour, and other inputs to alloctte production processes.
Within a systerrorientated approach to the company, the production process is commonly described
as a transformation of inputs into outputs, as shown in Figutrés also affected by necontrollable

exogenous variables ancamagerial skillswhich play an highly relevant rale

Figure 4. Systemorientated approach to the firm
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Source:Bogetdt and Otto (2010)
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In the economic literature, the production process is represented by the production fwigtbn
indicates the level of outptitatcan be produced for given production technology\amduslevels

of input. In other words, the production function describes the transformation relationship which
converts inputs into outputs, indicating the maximum output obtainable from a vecteemfgiut
guantities in a situation where the technology is used at its full pot@itisibhakarand Lovell,

2000; Coelli et al., 2005; Kumbhakar et al., 2015)

The production functiomisuallyis expressed with a mathematical representation of the technology,

such as:

O Qo Qo (1)

where theunction f () indicates the production technology which transforms a vector of inguts (
into output §). For example, a production function that refers to a production process that employs
two inputs k1 andxz) to produce a single outpuf)(can be shown abustratedin Figure5. In this

case, the production function represents the maximum owytplitainable from the varying
combinations of the input& andx.. The surface of the curve and the underlying area define the
production possibties set which contairs all the feasibleinput-output combinations given the

production technology.

Figure 5. Production function example with two inputs and one output

y
y = f(x1,x2)
X2
O _—
X1

Source: Own elaboration
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However, since it is difficult to interpret the contribution of inputs in a rdiftiensional space,
researchers usually refer to thedomension, representing the relation between one input and one
output. By slicing the production function at a giverueaof x, it can be shown the relationship
between the application level of inpytand the outpuy givena valueof x, which is often referred

to as the total product curve xf, as illustrated in Figuré. In a specular manner, it is possible to

obtain the total product curve & for a given value oxi.

Figure 6. The total product curve ok
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The production function is assumed to satisfy some properties to approximate the economic behaviour
of economic agents, such:é§ G y i/ O inpglies that the additional use of input increases (or at
least does not decrease) the level of outputfifl) 2% < Qirefers to the law of diminishing returns

or law of diminishing marginal productivity and implies that the quartdityadditional output
obtained from thesupplementalevel of input applied become smaller with thereasingvalue of

input usage More technical details for all the assumptions related to the production function are
provided inChambers (1998, p. 9).

Although these assumptioamost universallyare maintained in economic analysis, most of these
restrictions may not hold in the case of the agricultural sector. Accordifli$o(1993) the
production function and the profit maximization problem in agricalerononics have various
specific characteristics and can be represented as shown in Figline production function is
expressed in value terms representing tittal value productto better explain the production

decisions in the farming contextloreover, thefactor costsrepresent the cumulative cost related to
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the increasing levelof input use. They are assumed to be linear to simplify the graphical
representation. Finally, the profit is the difference between these values.

As indicatedby Ellis (1993) first, in agricultural productionit is possible to find a situation where
output occurs in the complete absence of some inpoitsnstance, it can be generated output without
applying some producing inputs such as fertilizer, irrigation, pesticide.It implies that the
production function may not start from the origin of the axis for siacters Second, increasing the
amount osomeinputssuchas fertilizer pesticideand wateincreases output, but only up to a certain
point. Beyond tht threshold, for example, an imbalance between the fertilizer and other plant
nutrients in the soil arises, eventually causing output declines when more fertiliapplied
Therefore, agricultural economics researchers worked to relax some of theigsopiscussed by

Chambers (1998) to estimate the production function in agricultural economics.

Figure 7. The production function for some of the agricultural inputs
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As for the functional forms of production functions, the most used in the literature areD0oltas

and translog. The translog production function has several desirable properties that make it
particularly interesting for this study. The main advantagelopting a translog production function
instead of a Cobouglas is that it is more flexible and allows to investigate of whether the inputs

are substitutes or complemefitgenningsen, 2020)

3.3. Productivity and Technical Efficiency
To estimate a production function is the prerequisite to investigate the performance evaluations of

production business unitBerformance evaluations or benchmarking is the systematic comparison of
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the results of the production business units. Firms, organizations, departments, industries; decision
making units, and individuals are examples of producing units. Benchmarking rdarbetive in

a variety of situations. It may work to explore intngganizational, i.e., to evaluate the performance

of subunits, inteorganizational, i.e., to compare different production entities at the same time, and
longitudinal, panel, or dynamicomparisons, i.e., to study the performance of a business unit at
different periodgBogetoftandOtto, 2010)

To evaluate performance in the economic literature, practitioners usually refer to key performance
indicators, which are measments supposed to reflect the producer's goals. When considering the
results of producers, it is common to refer to productivity and efficiddsyally, these terms are

used interchangeably, bmteconomicgheyhave a different meaning.

Theproductivity of a business unit is the ratio of the output(s) produced to the input(s) employed, as

in the following formula:

Productivity = output(s) / input(s) = y/x (2)

Practitioners may refer to different measures of productivity, such as partial measures, i.e., land or
labour productivity, and total factor productivity, which account for all input used in the production
process.

Instead,as proposed bipebreu(1951)and Farrell (1957) efficiency is defined as the ratio of the
output produced to the maximum potential output achievable by the production process, given the
inputs and technology availab®pecularly efficiency is defined athe ration between thebserved

applied inputandthe minimum input required to obtain a specific output. Thus, efficiency definition
depends on producers' goals, such as yield or profit maximization and cost minimi2abion.
maximization is the goal that better represents the case study investigated in this work. Therefore,

efficiency can be defined as the following:

Efficiency = output / output max = yly (3)

where y is the observed output arids/the maximum output obtainable, given a fixed technology
and inputlevel.

To illustrate the difference between productivity and technical efficiency is fruitful to present the
contribution of Figures, representing production function and theroductivity (represented bthe

lines starting from the orig)rof different production choices (A, B, and C). The slope of these lines

is y/x and provides the measure of productivity. As for efficiency, farms that operate on the frontier
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are technicallefficient, while farms that perform beneath the production frontier are not technically
efficient. Thus, a farm operating at point C is inefficient since it is possible to increase the output
moving from point C to point B without the increase of the usdgaput.

However, a farm that moves from point C to point B boosts both technical efficiency, which is the
straight line between point B and C, and productivity because it increases the slope of the line starting
from the origin. Instead, as for point #js tangent to the production function and defines the point

of maximum productivity. While both points A and B are technically efficient, the optimal production
choice is where the productivity is maximized. The difference in productivity among taiynic
efficient farms is related to economigfsscale and farms operating at any other point on the frontier
with respect to point A are less productive.

As is possible to noté,doesexists a relation between productivity and efficiency. In facthearease

in productivity from one year to another may arise from technical efficiency, technical change, the

exploitation of scale economies, or some combinations of these vafi@bldi et al., 2005)

Figure 8. Productivity and Technical Efficiency
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3.4.Economic Optimal Use of Input
Farmers are assumed to be decisiaakers who rationally take their production choices with the aim
of profit maximization. As lsown by Ellis (1993) the optimal produatin decision usually is
represented as in Figudewhere on the top are illustrated toéal value producandfactor costsas
in Figure7, and in the lower graph, the respective derivatives nthgginal value productand

marginal factor costsThemargnal value produtis the additional return generated by the increment
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of input use. It is assumed to be linear for a more clear graphical representatiorargimal factor
costscorrespond to the price of the input, and in this example, it is assunied donstant, and
therefore, it does not change with the level of inputs applied.

The optimum level of input use is where tharginal value produatquals thenarginal factor costs

It is the position where thprofit is maximum and corresponds to the rational choice from an
economic point of view. In fact, the increased return produced by an extra unit of input is more than
the cost of the production factor in the area to the left of this input level, indicating @munmiy to

raise profit by increasing the amount of factor us@yethe other handn the area to the right of the
optimal input levelthe increased return produced by an extra unit of input is less than the unit cost
of the factor. As a result, the giits are lower and indicate an opportunity to raise profit by
diminishing the amount of input used.

Figure 9. Optimal use of inputs under certainty
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Figure9 describes the scalled optimal input allocation under the certainty conditions, which means
that farms face a situation of perfect information. It implies that farmersthav&scalled perfect
information about the likelihood of future events. Howevagyricultural production is a complex

environment made up of biological (diseases, insects, pests, weeds), environmental (weather, soill,
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and water conditions), and institutional (markets, regulations) aspects that are difficult to manage
(Ellis, 1993; MoschinandHennessy, 2001; Duong et al., 2019; Komarek et al., 26f&0ice, in the
agricultural economics analysis, the protion function is assumed to be stochastic because of its
unpredictable nature. As a result, thtal value producbbtainable by the production process varies
based on factors beyottiefarmerscontrol. Therefore, a more appropriate way to describe economic
behaviour is the soalled optimal input allocation under the uncertainty conditions, which indicate a
situation where the occurrence of events is unknown.

The branch of economic literatudeat investigates the subjective probabilities relationship with the
input decisioAmaking is called the perceived risk or risk perceptions approach to the risk. The
implications of uncertainty and risk for the optimal input choice analysis of the farmerbec
introduced with the support of a graph, as given in Fig0re

Figure 10. Optimal use of inputs under uncertainty
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Here are shomthreealternative response curvegofal value producto increasing levels of a single
input. T VP #i b e is thaotalva&ue productesponse to the increasing usage of production inputs
with the best environmental conditions. On the contfary,P i w o r isthetotal yadua product
response to the higher input level with the worst environmental conditions. They are defined as the
outcomes of the states of nature and represent the boundaries of the rangetalf vh&ie product
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obtainableconsidering all the possible outconshievableFinally, E(TVP)is a weighted average

of the expectegbroduction result®f the states of mare considering the subjective probabilities
associated with the occurrence of good and bad years. The weighted average of the expected outcome
(E(TVP) is expressed as:

O"Yob 1 z'Ywo 4

wherep arethe subjective probabilitiesttachedy the each farmepo thes outcomes obtainable in
every singlepossible state of nature.

As for the optimal input use under certainty, the optimal input is the point where the derivative of the
expectedveighted average of the total value prodit{/P), the expected marginal value product

of input, is equal to the marginal factor costs. Therefore, farmers account for all possible outcomes
and choose the input lewdl to produce a range of output yanrg from the outputd to«y according

to theenvironmentatonditions faced during the seastins the optimal input choice and represents

the profitmaximizing position, which accounts for all the possible environmental conditions over the
years

However risk perception is not the only effect generated by uncertaimtyisk Since farmers make

input applications before knowing the true state of nafgeording to the previous literatutaey
evenare assumed to allocate inputs according to their attitudes tGAnsle, 1987; Cerroni, 2020;

lyer et al., 202Q)Risk attitudes reflect the individual predisposition to risk. In the litezatime
individuals are divided into riskverse, riskneutral, and riskover decisioamakers. The choice to
operate at the optimal input leveljuireghe riskneutrality of farmersyet, previous work has shown

that farmers are riskverse(Kumbhakarand Tveteras, 2003; Aka et al., 2018; Tong et al., 2019)
Risk-aversion has several implications for production decigsiaking. Therefore,also the risk
attitudes directly impact optimal input ug@ooserandHennessy, 20Q3BozzolaandFinger, 2021)

The role of riskaversion in production analysis is centreihe investigation of the present work, and

it will be detailed in the next paragraph.

3.5. The Effects of Risk and Risk-Aversion on Input Choice and Production Output
A branch of the economic literature investigatiee risk attitudeseffects on productionoptimal
decisions.The impacts of risk attitudes on input choice and production performances in the
neoclassical model of farm production can be introduced with the support of a @sagikien in
Figurell
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Figure 11. Risk attitudes effeston optimal use of inputs under uncertainty
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As shownby Ellis (1993) risk attitudes are included in the agricultural production theory assuming,
for example, that thereould beonly two states of nature that can happen due to different
environmental conditions, such as weather, petsteraThe weatheeventamay be god to obtain

the best crop yields or may be badt allowing toachievethe best crop yields. In Figudel, the

graph shows three different response curves of the total value product to increasing levels of a single
input. Moreover, the total factor cosise addedo showprofit and loss. These alternative output
response curveepresenthe outcome of the two events described abave ong wi t h t he
subjective assessment of the balance between the two elemsand TVP. are the outcomes of
eventsand they represent tid/Presponse to increasing the level of input in a good and a bad year,
respectivelyE(TVP)is a weighted average of the two outconiégl; andTVP,, where the weights

are the subjective probabilitigs,and (1- p1 , assignedy the farmer to the possibility that the event

will happen. Thereforeg(TVP)is equal tqpr * TVPL + (1- p1) * (TVPR).

Figure11 shows three different levels of input choices, @ , andw . Eachinput choiceis rational
according to the farmer's subjective attitudescerninghe risk. Farmers choosing tsethe level

of inputw areclassifiedas risktaking or risklovers.It is because they would take an opportunity to

gain thehighestpossible profit rather than taking a safer position with the chance of sustaining a

substantialoss. In factthey rise the highest potential profifli¥/P. occus. On the contraryif TVPR
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occurs, asignificantlossis suffered. Then, farmethatchoo® to operate at the level of inpatt are
described as riskverse.They prefer the safe choice as in the case the worst possible outcome
happensWith this level of input choicearmers ensure profits in both the states of nature, even if
profits are smaller when compared with the other input chdkieally, farmers choosing to utilize

the level of inputo are described as risteutral. They consider the weighted expectedcome of

good and bad years. ThusTWP. occurs a profit is obtainedout this is not théighestprofit possible

for TVPL. Similarly, if TVP. occurs a profit isearnedbut this is not thénighestpotentialprofit for

TVP..

In other words, due to the risk environment, farmers do nobalyto maximize profits but also try

to minimize risk impact on incom® oschiniandHennessy, 2001; Finger, 2018) particular, while
risk-neutral farmers aim to maximize profits considering only the mean effect on productien, risk
averse producers take both mean and higher moments of prodfwgtiction into account when
optimizing the utility function(JustandPope, 1978; Antle, 1983Therefore, risk aversion directly
affects the level of optimal resource use. Farmers should operate at thenprsofitizing point, or

the point where thexpected marginal value prody&(MVP)) of the input equals thearginal factor
cost(MFC) in order to maximize profit. The riskeutral farmer makes this decision, whereas the
risk-averse farmer chooses to operate in a way where profit is maximized only during "bad" seasons.
In other words, risk aversion leads to suboptimal economic decisionslireg¢he distribution of
inputs. Graphically it can be shovim Figure 12. Instead, to operate at the point whE&@I1VP)
correspondto theMFC, risk-averse farmerprefer toperformin a situation wherdVP. equaizes

the MFC. It implies that th&e(MVP)is above theVMIFC. Therefore, he use of inputs is not optimal

and profit is not being maximize@xcept for bad seasorBhe consequences of the riskersion

result in circumstances where, on avera@eépP > MFC.

Figure 12. Risk aversion effect on optimal use of inputs under uncertainty
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More particularly, pevious works have shown that the production decisions ofxiskse farmers
differ from risk-neutral choices because of the existence of a marginal risk preivigi), which

is the absolute value of the risk effect of input @8&cMinn and Holtmann, 1983; Nelsoand
Loehman, 1987; Ramaswami, 199R) general, the sign of marginal risk premium depends on risk
preferences and technology, as shown in Fig8r& ke marginal risk premium is positive if the use
of the producing factorincreases the production uncertainty (Hsicreasing input), while it is
negative when thproducing factors risk-decreasingJustandPope, 1979; MacMinandHoltmann,
1983; PopaandKramer, 1979) Consequently, in the case of a single input and a single output, the
risk-averse level of input use is higher (lower) than the-misltral level of input use if the input is
risk-decreasing (increasingNelsonand Loehman, 1987; Ramaswami, 199R) the agricultural
sector, fertilizers are frequently regarded as-imgkeasing inputs in farm decisinaking(Justand
Pope, 1979; PopendKramer, 1979)whereas pesticides and herbicidssallyarereputedas risk
decreasing inputéMohring et al., 2026). As a result, the riskversion due to the uncertainty of
outcomes resultgn nonprofit-maximizing input use impactinthe same timeproductivity and
technical efficiencyRoll, 2019)

Figure 13. The difference in input use foisk-aver® and riskneutral farmers
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3.6. The Effects of Crop Insurance onlnput Choice and Farm Performances
To mitigate the impact cddverse event® production, riskaverse farmers can transfer part of their
resources (financial and human) frdhe productionprocesgo risk management activitieghich
are adopted to minimize the negative impact of risks regarding possible(\gses andKathage,
2019) Among thevastarray of risk management strategies available at the farm level, crop insurance
represents an important risk management tool to cope with risk. Yet, thexlsach@someintended
and unintended sideffects of crp insuranceadoption In particular according to the existing
literature, crop insurance adoptioray affect input use decisions and thus productivity and technical
efficiency in two ways.
First, insurance may change input application rates. In particular, the purchase of insurance may make
risk-averse input allocation independent of the farmer'sspgate function over uncertain outcomes
allowing them to behave as risleutral in their input choic¢Ahsan et al., 1982; Nelsoand
Loehman 1987) It is because insurance has a-tiskluction effect, i.e., it reduces the wedge between
expected marginal product and input price due to risk aversion. It, in turn, leadsersk farmers
to move toward optimal levels of input udgamaswami, 1993).e., to increase the level of input if
risk-increasing and to decrease the input use ifdestreasing. However, insurance adoption reduces
the marginal return from aadditional unit of input application, as an increase in output may be
accompanied by a decrease in expected insurance indemnities. It is described as the moral hazard
effect that causes an input use reduction irrespective of whether it-redis&ing orisk-increasing
(Ramaswami, 1993)
Second, insurance adoption may change the cropping patterns. Suppose two different crops are
produced using the same inpwhich is riskincreasing for thérst crop while it is riskreducing for
the second cragp.e., pesticides risk effect on production depends on thes araptype of pesticide
consideredMohring et al., 2028). The riskaverse farmer would produce less of thet firop and
more of the second crop when compared witrisk-neutral farmefNelsonandLoehman, 1987)
Furthermore, insurance induces farmers tocate more resources to insured risky crops and to
enhance their specialization in such crpfissan et al., 1982; VigaaindKathage, 2019)The higher
expertise due to the production specializationturn, might boostproductivity andtechnical
efficiency(Roll, 2019) On the other hand, moral hazard may cause insured farmers to reduce the use
of safety measures to cope with ri¢korowitz andLichtenberg, 1993; J. C. Quiggin et al., 1993)
with a potentiallydamagingeffect onoutput and the specialization achievable by crop insurance
(Ahsan et al., 1982; Ramaswami, 1993; Roll, 20lB)ine with previous literature, the two concepts
described abovean bedefinedlr especti vely as crop insurance
mar gi n” ef f €éWX&ut1999;rMohrimgeetak, 20005 e
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To sum up,lie aim ofthe research reportedtinis thesis is to tackle ttedreadymentioned dilemma
regarding the impact of crop insurance on input use and economic performances of a nationally
representative sample of Italian farmers. In particular, starting fh@nptevious crop insurance
literature, how the insurance affects the productivity and efficiency of farming was examined, also
investigatinghe crop insurancelationship with the input use. From a methodological point of view,

a stochastic frontier appach is implemented on a sample of Italian grapevine producers, using data
from the Farm Accountancy Data Network, over the period 2008, following the method
proposed byRoll (2019) Besides, anodel that accounts for the different sources of endogeneity of
insurance adoption was applied, which avoids the problem of inconsistent parameter estimates
(Karakaplan and Kutlu, 2017b; Vigani and Kathage, 2019)
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4. Methodological Framework

4.1.Introduction
In literature, most productivity and efficiency analyses are conducted through the development of
production frontier models. The two commonly used methods in productivity and efficiency analysis
are the Data Envelopment Analysis (DEA) and Stochastic Frohtialysis (SFA). Although these
two methods have their merits, there has been constant debate amongst scholars on which method is
better for modelling production technology. A relevant distinction between the two methods is that
DEA is deterministic whileéSFA is stochastic. While in the stochastic frontier model the individual
observations may be affected by random noise, in the deterministic approach the potential noise is
neglected, and each variation in data is assumed to influence the firm's effeehtlye shape of
the frontier(BogetoftandOtto, 2010) Therefore, one of the principal limits of DEA is that with this
methodology is not possible to consider the effect of risk, which could be confused with technical
inefficiency. Accordingly, it seems that SFA might be more suitable to model productivity and
efficiency in the case of the presence of risk as it is suited to disentangle the inefficiency from the
standard statistical error related, for example, to weathents, market volatility, and regulation
changes.
Stochastic production functions appeared to be a reasonable solution to account for risk in agricultural
economicgChavas et al., 2010QJust and Pope (1978)troduced a production functiopecification
that can distinguish between the marginal effect of inputs on both the mean and variance of output.
Then,Antle (1983)expanded this technique to account for the impaptoduction inputs on higher
moments of production function (i.e., skewness). Laattese et al. (1998xtended the model
proposed bylust and Pope (1978) the stochastic frontier production approach developegihally
by Aigner et al. (1977and Meeusen and van Den Broeck (197&gcording to the authors, the
stochastic frontier production function is morensistent with economic theory and realtyth
respecto the secalled average production function. More recerflymbhakar (2002generalized
the approach proposed by the previous authors by estimating a model which includes production risk,
technical efficiency, and producers' attitude toward risk. Given the inevitable consequence of risk
effects on producers' tecleal efficiency, risk sources have to be incorporated into the stochastic
production frontier in order to realistically account for and predict producers' technical efficiency
(Battese et al., 1997)
The primary motivation paving the way for theesent study concerns the purpose that, despite its

importance, most of the scientific literature on production at the farm level does not account for risk
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(Just, 2003)Moreover, 1 is worth mentioning that one of tleentralassumptions of the SFA model

is that the input variables should be independent of both the error terms (teeffreeEncy and
random error) in the modélhe correlation between explanatory variables and the error tesui$s

in an endogeneityproblem which provide biased estimatékwever, it isessentiato note that
endogeneity may occur feeveralreasonsFor instance, farmers may adjust their inputs according

to observedadverse eventsvhich are usually included in the random error term. Therefore, the
correlation between the production inputs and the statistical error term due to the obhdeersd
eventswould result in endogeneify atruffe et al., 2017)in Addition, another possible endogeneity
issue may arise when farmers, being aware they are ineffi@adtiooptimize their input us¢€Shee
andStefanou, 2014)Finally, other endogeneity sources may occur when farmers cope with risk by
adopting risk management tools or risktigation practicegVigani andKathage, 2019)The model
misspecifications due to the absenceledling withendogeneity lead to erroneous inferences about
the assessment of input elasticities and economies of scale, as well as inaccurate and inconsistent
estimatesof firm technical efficiency(Karakaplanand Kutlu, 2017b) It is worth noting that
endogeneity in SFA is often ignored, which could overstate or even undermine the effects of factors
on poduction, andhusresults in key strategies or recommendations being left out to boost farm
performanc€Amsler et al., 2016; KarakaplamdKutlu, 2017a20178. The impact on accuracy and
consistency of results may be highly relevant when risk analysis is perf(Baiese et al., 1997)
Bearing in mind tk above mentioned issues related to SFA and endogemétibrature revievhas

been performed in the subject area that refers to agricultural productivity and efficiency analysis. The
particular focus is on studies that have adopted the SFA method while including the risk. The scoping
review method has been adopted for the cdipabo identify and map out evidence and clarify key
concepts in agricultural stochastic frontier literature with the inclusion and consideration of risk.
Specifically, this chapter aims to provide insights into how risks and risk mitigation strategtes ha
been factored into SFAThe main contribution of the present research relatesn&dysingthe
different methods used to deal with endogeneity while aiming to investigate the risk effects on
agricultural production within the SFA approach.

In the following paragraph, it has been presented the scoping review methodology with particular
focus onthe keywords and eligibility criteria that outline the articles included in the sample. Later, in
the results section, the selection process of articles and the insights of the literature analysed are
illustrated. Then, the results are shown and discu$sedlly, the conclusions have been presented

by highlighting the study's limitations and the path for future research.
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4.2.The Scoping ReviewMethod
The scoping review method has been adopted to conduct this study following the guidelines provided
by Tricco et al. (2018)n the Preferred Reporting Items for Systematic ReviewsVaatd-Analyses
extension for scoping reviews (PRISMZCR). A scoping review is a form of knowledge synthesis
that systematically searches, selects, and synthesizes existing knowledgetihe kegpconcepts,
types of evidence, and gaps in research relatadyiven area or fiel(fColquhoun et al., 2014)
The advantage of the scopingview method is that it helps to summarise the existing knowledge
aiming to develop policy or practice recommendations, as well as to provide practical pathways for
future researci{Arksey and O'Malley, 2005; Pifieiro et al., 2020Compared to the traditional
literaturereview, the scoping method asito be rigorous, transparent, and replicable, including steps
to reduce the subjectivity bias resulting from the author's prior knowledge and expévenceet
al., 2018) The scoping method was thus suitable for this study in exploring how risk has been
incorporated in SFA agultural productivity analysis and how the endogeneity issues have been
handled in literature.
After stating the research question, the subsequent steps of this appro@emtfieation of relevant
studies, study selection, data extraction and charting, and reporting of the results. In order to get a
representative sample of the literature, an initial set of articles has been identified. The Scopus
bibliographic database used to research the relevant studies, including articles written in English
and published in peeeviewed journals earlier than 30 June 2021.
The search was characterized by a combination of three keyword groups contained in the paper
abstract, titlepr keywords. The following structured query developed using Boolean operators and
wildcards is used for the research:
['stochastic frontier" OR "stochastic production” OR "technical efficiency”] AND ['risk" OR
"uncertain*'] AND ["farm*" OR "agricultur*' OR "food" OR "crop" OR "livestock"].
While the first set of keywords included the terms related to the SFA, the second refers to the risk
and the third to the agricultural context.
The final set of articles has been exported to the Mendeley referencinipri@ssessment. For
consistency purposes, a meeting with the Ph.D. supervisors was organized to discuss the chosen
studies for this review. To be included in the sample, the eligibility criteria were the following: (i)
research topic on agricultural proxtion (ii) inclusion of risk and risk management in farm
productivity and efficiency analysis; (iigudies that adopted the SFA to model technical efficiency
and agricultural productivity.
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4.3.Results
The selection process followed several stepshasn in Figure 4, gradually reducing the number
of studies according to the eligibility criteria. The search output initially included 162¢aewed
articles. In the first screening step, titles and abstracts were examined, retaining only pageis focu
on issues related to risk analysis in the agricultural sector using the SFA approach. Then, the full text
of the remaining 94 studies was analysed, excluding 35 articles according to the rejection criteria.
Finally, in the last screening step, 15 papwere excluded because they utilized a stochastic
production function instead of the frontiétowever, these papers have been examined to consider
their insights as regards the endogeneity issues, reporting this analysis later in this paragraph. At the
end of the screening process, 44 articles have been retained. Of the 162 articles, 11 were disqualified
because they were not focused on agricultural economics, and 40 were based on the lack of risk
considerations. Finally, 67 papers were excluded for thee of methods other than SFA, for
instance, stochastic production functi@ng, Griffiths, 1986; EggerandTveteras, 2004; Di Falco et
al., 2007) or nonrparametric appro&es such as DEfe.g, SerraandOude Lansink, 2014; Chambers
et al., 2015; Oude Lansink et al., 201860 fuzzy mathematicahethodgGuo et al., 2019; \Ahg et
al., 2020)

Figure 14. PRISMA-ScR Flow Diagram
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Figure 15 below presents thieistogram of thalistribution of the common approaches employed in
the retained article3.he results of this analysshiowed that there are several approaches adopted in
estimating stochastic production frontiers with risk considerations. The most commonly used
methodsare thosgroposed bylust and Pope (197 &attese and Coelli (19938 attese et al. (1997)

and Kumbhakar (2002)In addition, 15 articlesdopted othemethodsthat studied risk in their
analysis.

However, not alapproaches allow the inclusion of risk within the stochastic production framework,
such asBattese and Coelli (1995Among thetechniqueghat include risk within the production
frontier, themostcommon methods used are the ones proposddidiyand Pope (197 &attese et

al. (1997) andKumbhakar (2002)

Figure 15. A theoretical framework to estimate the production frontier
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Six different thematic groups have been identifigthin the literature analysed, as shown in Figure

16. In this analysis, it was found that two articles incorporated risk in the SFA approach by focussing
on the relationship between efficiency, risk aspects, and investment, such as the timing of ihvestmen
decisiongdLambarraa et al., 2016y the adoption of new technolo@@hosh et al., 1994In addition,
nineteen articles investigated the effect of farmer riskudes, risk mitigation practices, and risk
management tools on farm performance. Furthermore, six papers examined the impact of agricultural
policies on production risk and technical efficiency. Additionally, two studies investigated the
differences in pduction risk and technical efficiency among distinct production technology, such as

intensive or extensivNguyen et al., 202@nd organic or conventional producti@fiedemanrand

L While all the studies consider risk, not all explicitly include it within the estimated production frontier. Some articles
assesseil outside the model as a prerequisite or a follgwstep after the estimations.
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LataczLohmann, 2013)Iin addition, four papers investigated the climate effect or market volatility

on farm performance and/or risk. Finally, eleven articles focused on the assessment of the impact of
input on prodation risk and technical efficiencin Figure B, the articles that dealt with endogeneity

and those that did not are differentiated vditierentcolours. The colour red represents the articles

that dealt with endogeneity. As a result, only nine studlie®f 44 (20.45%) considered the issue of
endogeneity. Among them, five articles focused on themakagement thematic area, two on
agricultural policy, one on production technology, and the last one study on input effects.

Figure 16. Literature thematic areas accounting for the articles that dealt with endogeneity issues

Thematic Areas

Investment
Risk Management 14 5
Agricultural Policy
Production Technology
Climate “
Input Effect

Source: Own elaboration

Table 1.Articles dealing with endogeneity in the production frontier estimates

Endogeneity

Frontier Theoretical Framework
Source

Category/Study Methodology

Risk Management

ChangandWen (2011)
Mishra et al. 2019)
Mishra et al. (2020)
Rizwan et al. (2020)
Khanal et al. (2021)

Agricultural Policy
KeyandMcbride (2014)
Singbo et al. (2020)
Production Technology
Tiedemanrand LataczLohmann
(2013)
Input Effect

Nauges et al. (2011)

Kumbhakar (2002)
Kumbhakar (2002)
Kumbhakar (2002)
Kumbhakar (2002)
Greene (2010)

KaragiannisandTzouvelekas (2012)
O’ Donnel |l

JustandPope (1978)

O’ D o nand&tiffiths (2006)

Self-Selection
Self-Selection
Self-Selection
Self-Selection
Self-Selection

Self-Selection

( 2 Input Endogeneity

Self-Selection

Source: Own elaboration

Input Erdogeneity

Separating Groups

Separating Groups

Separating Groups

Separating Groups
PSM

PSM
MetaTechnology

PSM

StateContingent
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Table 1 provides a schematic representatiothefdifferent methods implemented to account for
endogeneit. Among the articles in the risk management thematic &bangand Wen (2011)
investigated the offarm work effect on technical efficiency and production risk in Taiwan rice
farming. Mishra et al. (2019, 202@xamined thempactof contract farming on production risk,
technical efficiency, and risk attitudes for different crops in Ndpalwan et al. (20203tudied the

effect of oftfarm employment on prodtion risk and technical efficiency. All these articles
developed a stochastic frontier following the model proposeiumybhakar (2002)accounting for
selfselection by separatingarmers adoping and noradoping the risk management tools
investigated Finally, Khanal et al. (2021)nvestigated the influence of farmers' climate change
adaptations on smallholder farm efficiency and productivitiepal rice production. The authors
treated the selelection endogeneity bias among adopters andadopters for observed and
unobserved characteristics. In particular, they utilized the Propensity Score Matching (PSM)
technique to correct for unobised heterogeneity, obtaining samples of farmers homogenous in terms
of sociceconomic characteristicS’hen, they estimated a stochastic frontier using the model
proposed bysreene (2010fo correct for observed heterogeneity.

In the agricultural policy thematic ardéey andMcbride (2014 )estimated the effects on production
mean and variance caused by the ban of iatitb on the US hog industry. They developed a
stochastic frontier following the approach proposedhyagiannisand Tzouvelekas (2012)The
authors addressed the potential selection bias due to the fact that the application of antibiotics
treatment may be related to other usetved aspects influencing the production process. In
particular, they matched the different treatment effects (antibiotics) to create similar groups based on
the observable characteristi&ngbo et al. (2020analysed the impact of the revenue insurance
program and environmental regulations on Canadian hog farmers' behaviour and farm performance
indicators. Thauthors addressed the potential endogeneity of input changes rekdgdrse events
affecting theproduction by estimating the metiechnology production frontier model developed by
O'Donnell (2016)

Within the production technology thematic aréedemanrandLataczLohmann (2013gvaluated
production risk and technical efficiency in organic and conventional arable crop farms in Germany.
The authors developed a stochastic frontier appregamming from the model developed hyst
andPope (1978)They used the propensity score matching to compare groups, accounting for the
self-selection problem due to farm size and soil quality.

Finally, anong the input effects thematic area, the only study that dealt with endogematygiss

et al. (2011)who analysed Finnish grain production under both inefficiency and risk condition. They

developed a stateontingent production frontier following the model proposed®y D o namce | |
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Griffiths (2006) They accounted for ¢ghendogeneity of inputs considering the different states of
nature. In particular, they considered that farmers allocate inputs differently to manage risk in relation
to the meteorological conditions in theativestates of nature.

To summarise sevenarticles considered endogeneity bias resulting fromsadéction, whiletwo

considered endogeneity stemming from input use alterations after adugnggmental events

Table 2. Articles dealing with endogeneity in the function production instead of the frontier
Frontier Theoretical Endogeneity

Category/Study Framework Source Methodology
Risk Management
. . Th L LS
Di Falco andChavas (2009) Antle (1983) Self-Selection reeStage Least Squares (35
approach
D Falcmzze;nld 4\)/erone3| Antle (1983) Self-Selection Endogenous Switching Regressc
Kassie et al. (2015) Antle (1983) Self-Selection Endogenous Switching Regressc
Mallawaarachchi etl. QuigginandChambers Self-Selection Two-Stage |V approach
(2017) (2006) Input Endogeneity StateContingent
Wang et al. (2018) Antle (1983) Self-Selection Two-Stage |V approach
Amondo et al. (2019) Antle (1983) Self-Selegion Endogenous Switching Regressc

Source: Own elaboration

In addition to results related to SFA, some other articles emerged from the search string account for
the endogeneity in the production function. These papers are reported in Tablén@sékrticles

were classified into the risknanagement thematic area.

Among these articled)i Falco and Chavas (2009analysed the crop genetic diversity effects on
productivity and production risk in Ethiopian farmers engaged with barley production, following the
Antle (1983)approach.The authors estimated the mean function, the variance, and the skewness
eguations using a threstage least squares (3SLS) estimator to correct theedelftion bias, treating
biodiversity as endogenous in all equations. Follovitreyapproach proposdxy Antle (1983) Di
FalcoandVeronesi (2014nvestigated the influence of climate change adaptations on farm exposure
to downside risk for seral crops in Ethiopia. The decision on whether to adapt or not to climate
change is voluntary and may result in ssdfection bias. The authors accounted for the endogeneity
of the adaptation decision by estimating a switching regression model. Bythusisgme approach,
Kassie efal. (2015)analysed the effect of sustainable intensification practices on productivity and
production risk in maizéegume intercropping production in Malawi, while Amondo et al. (2019)
investigated the impact of using drougblerant maize varietiesn farm productivity, yield variance,

and downside risk exposure in Zambian majeawing farms. The research proposedNgng et al.
(2018)aims to study the impance of irrigation infrastructure in enhancing farmers' ability to adapt

to drought and its efficacy in managing drought risk in rice production in China. The authors
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estimated a production function following the approach propbgekhtle (1983) In addition, they
implemented a twastage instrumental variable method to control for the endogeneity of the
adaptation decision. Finally, following the statntingent method proposed I§uiggin and
Chambers (2006 Mallawaarachchi et al. (201@stimated the production function of dairy farms in
Australia to analyse the effect of water allocation on farm performance. They accounted for the
endogeneity related the change in the usage of productive inputs under different states of nature
according to theadverse events affecting tipeoductivity. Moreover, they proposed a tstage

instrumental variableapproach to correct the endogeneity bias due tessédttion.

4.4.Discussion
The vast majorityf the articles using SFA in agricultural production did not consider risk despite its
relevance in the field. Consistent wilust (2003)the results of this researdonfirm the low
prevalence of riskelated agricultural production studies, showing the failure of risk researchers in
convincing the broader profession of the importance of risk effects on farmers' dewaioy. For
example, by omitting the keywordslated to risk from the search quetige number of articles
increases from 162 to 259BbespiteBattese et al. (199@laimed that byneglecting risk would
provide biased estimates of technical efficignoyfact only relativelyfew articles accouirg for
risk by implementing a SFA approaakere found It may be related to the fact that this approach is
still in development and the model is rather comgdexhas regards thmodelling andheestimaing
proceduregKumbhakar et al., 2015)
It is worth noting that studies considering risk in the SFA apprabrmot account for the
representation dhe complexities of agricultural production modellisgch as endogeneity. Despite
methods of dealing with the endogeneity issues in produfibotiers have been well documented
in the recent literatur€Sheeand Stefanou, 2014; Amsler et al., 2016, 2017; KarakaplaadKutlu,
2017; Latruffe et al., 2017jmost of the studies analysedinis review, do not generally account for
endogeneity bias due the input relationship with producti@averse events
In addition, other endogeneity sources may arise witladlogtionof risk management tools or risk
mitigation practicesAccording toVigani andKathage (2019)there are four possible casesst, it
is necessary to account for the possibility of reverse causality betiveechoice of adopting risk
management instruments and productividjare productive farms, for example, are merelowed
with the financial and managerial resourcesdotfor risk mitigation. In addition, the seffelection
problem needs to be addredge avoid inconsistent estimatestbé effects of theisk mitigation
tools on farm resultdn fact generally the adoption is voluntanyand a particular strategy may be
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adoptedby farms that have more advantages in adopting, i.e., they have different unobservable
characteristics that may have an impact on both the adoption decision and performaddgion

another potential source of endogeneity may arise from the substiteffect between risk
management practices and input,ssece the adoption of riskitigating practices may change the

level of input used. Finally, researchers need to account for omitted variables endogeneity by
including the most adopted risk managt tools.In fact, the estimates of risk mitigation practice
effects may be biasedue tothe total impact of adopting several risk mitigation practices
simultaneously might not be equivalent to the sum of the influences when considering each strategy
separately. Among the articles within the risk management thematic area, the femg ceh
endogeneityhave mainly considered the sedklection bias. None of the have treated the
endogeneityarising fromthe input correlation witladverse events

The lck of studies deilg with endogeneity by using the SFA approach may be attributed to several
reasons. First, the stochastic frontier literature has largely ignored the advances made in the
production function framework to control for endogeneity iss(fisee and Stefanou, 2014)
Moreover, dealing with endogeneity is relatively more complex in the SFA approach than in the
standard regression models. In fact, due to the nature of the error term in the stochastic frontier
models, which include both the technical efficiency and sizlserror terms, this is a relatively more
difficult task with respect to the models involving only the tswded error tern{fKarakaplanand

Kutlu, 2017b)

Therefore a gap in the literate appears, regarding thdentification ofa comprehensive approach
capable of dealing at the same time with risk and endogeneity when assessing farm productivity and
technical efficiency in the SFA framework. The apparent absence of interest in lgenatis field

may be related to the lack of consolidated knowledge in terms of standardized methodologies. Indeed,
as emerged in the current analysis, the authors applied different production frontier models by using
several strategies to deal with eithressk and endogeneity issues. In addition, the use of several
statistical platforms leads to a situation where the routines are available in a fragmented way. For
example, some software may be more appropriate to treat a specific probiéerthere isalack of
softwarecapable of providingll the estimator¢kumbhakar et al., 2020Furthermore, despitde
widespread usef SFA only the most basic implementations are available across the broad array of
statistical platforms. As such, the lack of existing routines requires researchers to be able to program

these methods to develop a frontier that accounts faf@kmentionedssues
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4.5. Concluding Remarks
A scoping literature review technique was used to overview the existing knowledge in farm risk
analysis within the SFA framework. In particular, tlisapter aimed to investigate the methods
proposed in the literature to deal with endogeneity in SFA risk analysis.
The findings of this research highlight the need for more studies that investigate the productivity and
efficiency of farming production wia dealing with risk and endogeneity issues. Neglecting risk and
endogeneity in benchmarking analyses may lead to biased estimates and thus distorted policy
recommendations. It is strongly recommended to concurrently address both endogeneity and risk
while investigating farm performance to make strides in achieving economic and environmental
sustainability. A comprehensive approach might help to achieve more accurate estimates that could
yield recommendations that ensure improved productivity and techeiftalency of farmers.
However, it is possible to conclude that much still needs to be done in order to get a comprehensive
approach to represent the complexity of agricultural production modelling.
The main limitation of this study is the usage of onlg alatabase for the research of the articles
included in the analysis. However, this was deemed to be enough to highlight the gap in the literature.
For future studies of this domain, it is suggested to look at grey literature since the approach proposed
in this study is still in development. Finally, expert researchers are strongly encouraged to provide
more information to ensure the replicability of thairalytical proceduredor example, providing
their own programming codes and guidelines for praaottise and policy analysts.
To the aim of the present work, it emerged the need to deal with endogeneity when considering risk
in the analysis of agricultural production, especially when considering the risk management tools in
this framework. Dealing withr&logeneity would lead to estimating consistent parameters, therefore,
avoiding to provide misleading interpretations of the crop insurance effect on productivity and
efficiency.
Therefore, the following chapters present a methodology to measure the pretemclogeneity
while accounting for the effect of crop insurance on productivity, efficiency, and input use to enrich

the knowledge in the literature.
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5. Methodology, Data and Model Specification

5.1. Production Frontier Methodology
SinceFarrell (1957Yormed the basis for efficiency analysis, it has been wsdely to examine how
production inputs are combined to produce outguisough the stochastic frontier models, efficiency
analysis can include a parametric estimate of the production functi@epasatelyproposed by
Aigner et al. (1977andMeeusen and van Den Broeck (197IMese models include a stochaatid
a deterministipart The stochastic part is madeaofwao-sided error term and a oiséded inefficiency
error term, the latter of which determines the distance from the stochastic froh&deterministic
part that identifies theroductionfrontier (i.e., the maximum output achievable given the availab
technology and input levels). Therefore, the production frontier in microeconomic theory shows the
maximum output quantity for each particular set of input quantities. As a resuliettbally, no
observation could be above the production frontied,arypointbelow the production frontier would
indicate technical inefficiengyas shown irFigure 17 (Bogetoftand Otto, 2010; Henningsen, 2020)

Figure 17. Production frontier

X

>
Source:Bogetdt and Otto (2010)

Starting from the original modeBattese and Coelli (1995mplemented a stochastic frontier
production function for panel data, which accounts for potential unobserved heteroscedasticity, and
includes environmental variables in the inefficiency distribution. Accordingly, the frontier equation

has beepecifiedas:
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Wherew is the logarithm of the output of tith farm at timet; @ is a vector ok inputs and other
explanatory variables of theh farm at timg;] is a vector ok unknown parameters to be estimated;
U is atwaoside error term, andl is a oneside error term capturing the inefficiency effects.

In turn, technical inefficiency can be assumed to be a function of a seixplanatory varides

(@ , a vector of coefficients to be estimatid, (and a random variable | as in the following

equation:

— T1E 7 (5)

5.2. Econometric Strategy to Deal with Endogeneity Sources
As highlighted in theprevious chapter, when analysing the impact of insurance adoption on
production and efficiengyit is necessaryo account for the potential endogeneity of insurance to
obtain unbiased estimates of technical efficie(@fee and Stefanou, 2014; Amsler et al., 2016;
Karakaplan and Kutlu, 2017b)ccording toVigani and Kathage (2019%here are different potential
endogeneity sources regarding insuranithin the estimatesf the production frotier.
Potential endogeneity may arise due to reverse causality between the adoption of risk management
and productivity(Ramaswami, 1993)For instancethe largerfarms are more likely to a the
financial and human resources to adopt risk management pratigasi and Kathage, 2019)s
for Italian farmers, the adoption of crop insurance has been demonstrated to be influenced by farm
performance, total assets, and financial leve(&g¢olras et al., 2012; Santeramo et al., 2016)
Furthermore, insurance adoption is voluntary and not randomly assigned, and thus might be adopted
by farms that find it mostsefuf. It means that insured farmers are salfected, i.e., they have
common unobservable characteristics influencing both the performance and adoption choice. It will
lead to inconsistent estimates of the impact of insurance on farm prodiiitiéalco and Veronesi,
2013)
The general maximum likelihoeldased approach proposed Kgrakaplan ad Kutlu (2017a)has

been followed to deal with endogeneity issues. The authors, starting from the model provided by

2 According to the expected utility thegra farmer will choose to adopt insurance if the expected utility from buying is
greater than the expected utility of not buying.
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Battese and Coelli (1995s in equations 1 and 2, developed an endogenous panel stochastic frontier
model which handles endogenasiables in both the frontier and/or in the inefficiency by using an
instrumental variable approach. Unlike the standard control function methods where estimations are
done in two stages, authors estimated the parameters using a single maximum likehlotod,

gaining statistical efficiency.

Additionally, a potential source of endogeneity may arise from the substitution effect between
insurance and inputs since the adoption of insurance can increase the usénofa&sing inputs

and decrease thevig of risk-decreasing inputéNelson and Loehman, 1987; Ramaswami, 1992)
consistently to what has already theoretically introduced in Chapter 2 (see s8&iansl3.6). A

transbg functional form has been implemented to captuesubstitution effect between inputs.

Finally, to avoid the potential endogeneity due to omitted variables, other risk management tools have
been included in the model specification take intoaccount of the fact thdarmers adopt several

risk management strategies aimed at risk mitigation, and the global mfigciot necessarilype

equal to the impact of adopting eadhaptatiorstrategy separate(yVu and Babcock, 1998)

5.3. Dataset
The data used in this thestudy have been extracted from the Italian Farm Accountancy Data
Network (FADN- RICA). It is an s an annual sample survey established by the European Commission
in 1965, with the European Economic Community (ECC) Regulatiéb678nd updated with the
European Community (EC) Reg. 1217/2009 and subsequent amendnentiata collectiomas
been carried out in Italy since 1968, with a similar approach in all Member States of the European
Union, and represents the only harmonigedrce of microeconomic data on the evolution of incomes
and the economistructural dynamics of farms at the European level. The RICA survey does not
represent the entire universe of farms surveyed in a given territory, but only those that, given their
eonomic dimension, can be considered professional and maketed. In particular, it proves
high-quality and consistent data of commercial farms, i.e., farms with an economical size, in terms
of standard outpf e xceedi ng 8 QtalyoMoreover, ittprovidesaepresentative data
along three dimensions: the region, economic size, and type of farming. Currently, the Italian FADN
is based on a balanced sample of about 11000 farms, representing 95% of the utilized agricultural

area, 97% of th standard production value, 92% of the work units, and 91% of the livestock units.

3 In the FADN, thestandard outpubf an agricultural product (crop or livestock) is the average monetary value of the
farming output at the farrgate price. Thetandard outpuexcludes direct payments, valadded tax, and taxation on
the selling products.
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The primary task of the FADN is to satisfy the information needs of the European Union for the
definition and evaluation of the Community Agricultural Policy (CAP). The RAB used to drive

the public expenditures to the agricultural secteficanced by the European Union. The information
collected with the FADN also makes it possible to respond to the needs of research and business
consultancy services throughy porvidng a series of variables and indices on farms' technical,
economic, patrimonial, and income characteristics.

For each farm in the sample, information concerning about 2500 variables is collected for the Italian
FADN. The variables refer to physical, &ttural, economic, financial, and asset data. The
information framework of the Italian FADN, which is much broader than the institutional needs of
the European Commission, makes it possible to carry out analyses on varioysinstugiag the
productivity of farmstheproduction costgheenvironmental sustainabilitgndthe role of the family

of agricultural producers

Specifically, farmlevel data for farms located in Italy and observed from 2008 to 2017 are used in
this study. The datases an unbalanced panel since the farms observed in the sample have rotated
over the years.

5.4. Model Specification

The translog production frontikias beespecified as follows:

P o1t 10D g R T B imi% I fo:
T 1TReir Qir Q@ 1 Q 106 (6)
p A S ey a
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where the dependent variable is the gymegluction of tha-th farm at timet. B are the pe:¢
t o be e 9 tcontmin the effects Bf constant term and control faciars economic size,

altitude, and location. Four input& () are included in the model: land, labour, capital, and
intermediate inputdDue tothe translog functional form, input square and interactions are included

in the modetoo. In addition, the effect of the insurance legiell Y0itsquadraticand the interactions

with other inputs are include@heremainder otherisk management strategjee., the percentage

of irrigated land E O)Cand the two dummies variables referred to neagricultural & ) and
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agricultural diversification& ), are also included. Finally, a time trendi@)added to control for
any technological change or innovations during the period analysed and to measure the effect of
insurance on technological change ().

The variance of technicalefficiency is specified as follows:

, 171 1T Iei Qi Q@ 7 Q 1067 (7)

where the variance of the noegative error terr® is a function of expenditure in insuran@&el YO
irrigation (E O)nonagricultural(A ) and agricultural diversificatio®d ), and time trendt). As
before,) o includes the effects of the constant term and other control factors, i.e., economic size,
altitude, and location. The coefficient indicates the effect of insurance on technical efficiency.
Since the inefficiency effect is estimated, a negative sidicates that insurance increases efficiency

and vice versa.

Finally, following the methods proposed KgrakaplarandKutlu (2017a) it is necessary to identify

proper instrumental variables to deal with the potential endogensitgssof insurance adoption.

Valid instruments need to be correlated with the endogenous variables, the insurance expenditure, but
uncorrelated with the error or inefficiency terrinjolras et al. (2012)ave shown that the cost of
insurance, i.e., the premium per hectare, has an influence on the demand for crop insurance in Italy.
At the same time, the decision to become insured does not affect the overall market for crop insurance
at the provincial levelHence, the insurangaemium paid by each farmer affects productivity and
efficiency. On the contrary, the average insurance premium at the province level is correlated with
the endogenous variable (insurance), but it is uncorrelated with the error or inefficiency terms.
Therdore, the average premium per hectare measured at the provincial level has been used to
instrument insurance in the frontier and the efficiency equations.

As proposed byarakaplanandKutlu (20173, 201D) and well documented bigarakaplan(2017)

another equation is estimated simultaneoashsidering crop insurance as endogenous varigbée.

equationis specified as follows:

Y oems i 2 n P v~y , : .
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where the endogenous variable insuranfg () is expressed as a function tbfe instrumental

variable(— ), inputs comprised in the production frontfer ), other riskmanagement tooksuch

asirrigation (E O)Ononagricultural(A ) and agricultural diversificatiod ), and time trendt).
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As in the previous equations, the effect of control variables is in the constait t¢ritherefore, to
control for the endogeneity of crop insurance, the insurdaognd has been estimated creating a
system equation which allows to obtain unbiased estimates of the parameters.

KarakaplarandKutlu (2017, 201'b) also proposed &st similar to the DurbiWu-Hausman tesb

check the presence of endogeneftiiis test looks at the joint significe@ of the bias correction
terms. One would come to the conclusion that endogeneity correction is not requidethe
variables can be estimated by using conventional frontier models if the bias correction terms

components are not jointly significant.
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6. An Empirical Application to the Italian Grape Production

6.1. Introduction
The case study of this thesis explores the effect of crop insurance expenditure on the production and
technical efficiency of a nationally representative sample of Italian grape growaeesspecifically,
this work aims to clarify whether insurance adoptmight solve the suboptimal input use due to the
occurrence of the uncertainty of the riskerse grape growerSertainly, there is no simple answer
to this question On the one hand, crop insurance should facilitate optimal resource allocation by
encouaging riskaverse farmers to become rskutral(Nelson and Loehman 1987; Ramaswami
1993) allowing farmers to maximize profit, raise production levels, and specialize their production
(Ahsan et al. 1982ultimately improving their technical efficiengRoll 2019) On the other hand
moral hazard maynducefarmersto take fewer precautions against harnamsffectof the adoption
of insuranc€Horowitz and Lichtenberg 1993; Quiggin et al. 1993)erefore, the moral hahcould
lower production and technical efficiency while also increasing the exposure of the company to risk.
From a methodological point of view, using data from the FADN, a panel stochastic frontier
estimation approach is implemented on a samgtalegn commercial farmspecialsedin producing
quality grapevine$over the period 2062017.Assessing risk consequesaa farmingis especially
important when farms specialize in producing perennial crops, where changing production patterns
are severely constrained by high costs and lengthy implementation(Zmeanti et al., 2019)
Finally, different from previous studies, the potential eyedeity of insurance has been taken into
accounin order to providenore reliable parameter estimafsirakaplan and Kutlu 2017.a)
The analysis has been focusedyoape growersincecrop insurance has been widely adopted in this
sector in Italy. More specifically, grapes represent around 27% of the Itadprnnsurance market
in terms of monetary values and 14% in terms of insured (KBBMEA 2018) Additionally, it is
widely assumed that the viticulture sector is exposed to many risks, which are progressively
increasing due to climate change. Global warming causes increases in temperature in grapevine
regions.lt may cause changes to the grape chemistry, also augmenting the exposition to insects and
insectborne disease@Vozell and Thachn 2014)Furthermore the increase in the frequency of
extreme weather events such as rainfall, late frost, or hails{t@E 2013)has potentially raised
the detrimental effects on yields and grapes quality and increased income varigbittland and
Smit 2010)

4 For the rest of the work, "@lity grapevines" are defined as those certified by the EU quality certification scheme.
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6.2. Descriptive Statistics of the Grape Growers FADN Sample
This study uses fardevel data toanalysegrape producers in Italy observed from 2008 to 2017.
Before estimating the production frontier, the observations that contain a null or negative value in the
explanatory variables were eliminajsthcethese values cannot be useith a loglog model After
the data cleaning process, 9419 observations of 2587 farms specialized in grape growing were
analysedSincethesurveyedarmsof the sample have rotated over time, the dataset is an unbalanced
panel. The descriptive statistics of the variables iredud the model are reported in Table 3.

Table 3.Descriptive Statistics

Variable and Abbreviation Description Mean Std. Dev
Output and Inputs
y Production Tot al Gross Producti on 57338 136247
g Land Utilized Agricultural Area (ha) 8.92 17.30
@ Capital Amount of Capital (€) 472696 1446921
@ Intermediate Inputs I ntermedi ate I nputs Cos 11908 37635
@  Labour Total number of hours worked per year (h) 2418 4511
Risk Management Strategies
ins Insurance Expenditure on crop ins 891 5168
A Insurance Dummy One for insured farm, zero otherwise 0.22 0.41
irr Irrigation Percentage of irrigated land over total land (%) 0.28 0.43
A Non-agricultural Diversificatior Onefor services diversificatigreero otherwise 0.11 0.32

A Agricultural Diversification Onefor crop or livestock diversificatigreero otherwist 0.74 0.44
Control Variables

A O Economic Size [1] [b. ¢] One for small farms, zero otherwise 0.13 0.33
A O Economic Size [2] One for mediursmall farms, zerotherwise 0.21 0.41
A O Economic Size [3] One for medium farms, zero otherwise 0.28 0.45
A O Economic Size [4] One for mediurdarge farms, zero otherwise 0.32 047
A O Economic Size [5] One for large farms, zero otherwise 0.06 0.24
Al Altimetry [1] [b. c.J* One if located in the plain, zero otherwise 0.24 0.42
Al Altimetry [2] One if located in the hill, zero otherwise 059 0.49
Al Altimetry [3] One if located in the mountain, zero otherwise 0.17 0.37
I T Location [1] [b. c.¥ One for farms located in the South, zero otherwise  0.12 0.33
I T Location [2] One for farms located in the Central, zero otherwise 0.25 0.43
1 T Location [3] One for farms located in the Northeast, zero otherw 0.32 0.47
I T Location [4] One for farms located in the Northwest, zero otherw 0.31 0.46

Source:Own elaboration based on FADN data
* Note: [b. c.] stay for the base category

Productionrefers to the total gross production of the grape, measured in euros. The monetary value
of the output produced is used considering that grape growing in Italy evolved significantly towards
higher quality productiofUrsoet al., 2018) The variabld_andis measured in hectares and refers to

the Utilized Agricultural Area (UAA)Capitalis an aggregate, measured in euro, formed by working

capital and real estat®ybtracted byhe farmland value to avottie problem ofmulticollinearity with
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the variableLand Intermediate inputsmeasured in eusprefer to expenditures on water, crop
certification, fertilizers, pesticide, services, energy (fuel, electricity, and heating), marketing
(materials, transport, and intermeiba), and other generic expensesabour refers to the total
number of hours worked per year in grégening

The expenditures oorop insurancewere used to investigate the relationship between insurance,
production, and efficiencyMany previous studies used dummy variables to represent the farmers'
insurance decision@&.g, Horowitz and Lichtenberg, 1993; Smith and Goodwin, 19%&nilar to

Weber et al. (2016andM®ohring et al. (2026), the intensity of insurance (measured by the amount

of insurance premiums paid) was used to capture changes in the input use at different levels of
insurance expenditures. Given that a significant number of observed farenschaxpenses in crop
insurance, the valuenehas been added for not insured farms to obtain the logarithm and not to incur
biased resultsasindicatedby Battese (1997)Battese (1997has also shown that simply adding a
small number may not be the most appropriate solution and proposed the inclusion of a dummy
variable that takes a value of 1 when the input, insurance, in this case, is not used. If the coefficient
of such a dummy is statistically significant, then the intercepts of insured and not insured farms are
not equal, and the absence of the dumvanyablewill provide biased result$n addition, to mitigate

the possible omitted variables bias, a set of variables referred to as other risk management tools
alternative to insurance has been included, nammgbation and onfarm agricultural and nen
agricultural diversification.Irrigation is the percentage of irrigated ov#re total land. Non
agricultural diversificationis a dummy variable taking a value one when the farm produces non
agricultural services e(g., agritourism, educational, ejcin addition to farming.Agricultural
diversificationis a dummy variable taking the value one when the farm is involved in other crops or
livestock in addition to grape, and the value zero otherwise. Accounting for theewlifiesk
mitigating strategies in addition to insurance allows us to avoid omitted variables bias since the global
effect of adapting different risk strategies is not necessarily equal to the impact of adopting each
adaptation strategy separat@yyu and Babcock, 1998)

In addition, other variables were includeccontrol for additional sources of heterogeneity due to the
environmental and economic characteristics of the fasnfor the farm'docation, there are three
dummy variables referred to akimetry (plain, hil, and mountain) and four dummies variables for

farms placed in the Southern, Central, Neg#istern, and Norttvesternregions Economic sizés

5> Missing values were around 27% of observed values. When the information on farm labour was available for at least
one yeayit wasreplaced by the hours obtained &d®n the proportion between hours worked on grape growing and total
hours worked on the farm. When hours worked in grape were missing in all years for one farm, it was replaced with an
approximation based on year and location (province, region, and afjmean.
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defined based on standard output and is divided into five classes: small (le5@0areuros),
mediumsmal (2500350000 euros), medium (500A®0000 euros), mediwtarge (100006600000

euros), and large farms (over than 500000 euros).

Finally, Table 4 shows the mean and standard deviation values of all variables included in the model
separating insured and insured farmsAs it is possible to find out from the Tabl@sured farms

have a higher production and input use than uninsured farms. They also have a higher percentage of
irrigated land. There is no difference in both diversification means. Insuranggadincrease with

the growth of economic size and altimeffinally, most insured farms are located in the nedhtern

regions, while insurance is less diffused in the south.

Table 4.Descriptive Statistics (Insured vs Uninsured Farms)

Variable No Insurance Insurance
Mean Std. Dev Mean Std. Dev
Output and Inputs

Production 50024 130627 83761 151990
Land 8.07 16.03 11.98 20.99
Capital 410406 1116236 697727 2256782
Intermediate Inputs 10439 33155 17215 47099
Labour 2146 3462 3399 7025
Risk Management Strategies
Insurance 0 0 4110 10489
Irrigation 0.24 0.41 0.39 0.47
Non-agricultural Diversification 0.11 0.31 0.11 0.31
Agricultural Diversification 0.74 0.44 0.73 0.44
Control Variables

Economic Size [1] 0.15 0.35 0.07 0.25
Economic Size [2] 0.23 0.42 0.15 0.35
Economic Size [3] 0.28 0.45 0.29 0.45
Economic Size [4] 0.29 0.46 0.40 0.49
Economic Size [5] 0.05 0.22 0.09 0.29
Altimetry [1] 0.23 0.42 0.26 0.44
Altimetry [2] 0.62 0.48 0.49 0.50
Altimetry [3] 0.15 0.35 0.25 0.43
Location [1] 0.15 0.35 0.06 0.24
Location [2] 0.24 0.43 0.28 0.45
Location [3] 0.28 0.45 0.46 0.50
Location [4] 0.33 0.47 0.20 0.40

Source:Own elaboration based on FADN data
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6.3. Results
The endogeneity test indicates that insurance is endogenous, and correction is needsd5;p
< 0.0001). Therefore, the IV panel appro&ets been implemented proposed bi{arakaplan and
Kutlu (2017a) Fi rst, the i nstr ume nThe shisquaredstatisgctohthen e e d
instrument in the prediction equation of insurance is 484vh&h is greater than 10 and passes the
rule of thumb for not being a weak instrumehtlditionally, the possibility of the inclusion of the
dummy variable was checked, whiclhoals for different intercepts for insured and uninsured farms
and avoids biased results as propose8dtyese (1997)The z statistic of the coefficient estimated
for the dummy is0.47 { = 0.635).It indicates that the intercepts of insured and not insured farms
are equal, and thegtusion of the dummy is not necessary to obtain unbiased coefficient estimates.
The estimated parameters of the production frontier are presented in Jablle Dutput elasticities
with respect to inputs are calculated and reported in Table 6. Estimated output elasticities are
statistically significant and positive for @itoductioninputs. The estimated elasticity of the time trend
shows that there is agitive and significant technological change during the period under analysis.
The output elasticity with respect to insurarice (| has been calculated as the partial derivative of
the logarithm of the production function with respect to the logaritsf the crop insurance

expenditure:

T aé& e - ‘
TH B f f a Qe | f a& [ o0 (7)

T mean value is positive and statistically significant, indicating an enhancing effleetrfurance

on production.

The other interest of ehpresentvork is to investigate whether insurance affects the use of inputs
More in detail, the intention is nalyse the substitutability between insurance and other jmjguts

the ability to substitute insurance for another input without affecting the output level. The technical
relationship between insurance and other inputs depends on the curvaturesoddaati. Measures

of substitution possibilities between inputs are obtained with elasticities of intéDisityert, 1974)

As shown byRoll (2019) the elasticity of intensity between insurance and other inputs is given by:

I (8)
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wherek are the inputs land, capital, intermediate inputs, and laBooegative elasticity indicates a
substitute relationship, while a positive elasticity indicates a complementary one. It has been found
that the coefficients of the interaction terms are all statisticallysigmificant apart from the
interaction term beteen insurance and intermediate inputs, which is statistically significant,
negative, but close to zero. This latter finding indicates that insurance is a weak substitute for
intermediate inputs. It presumes rigirigled isoquant with inputs used in nedistgd proportions to

each other. As for the interaction among inputs, the signs of these coefficients show that land is
complementary to capital and intermediate inputs, while capital is a substitute for intermediate inputs.
Finally, land and capital usagdecreased over time, while the application of intermediate inputs
increased. The parameter measures the effect of insurance on technological change. As seen in
Table 5, it is found to be positive but not statistically significant, indicathrg tnsurance
expenditures have not affected the technological charge®or risk management tools different

from insurance, the percentage of irrigated land has a positive but not significant effect on production,
while both agricultural and neagricutural diversification negatively affect productidiollowing

what was previously foun@/idoli et al., 2016) Furthermore, in terms of economic size, medium and
mediumsmall farms are less productive with respect to the smaller farms. The production level grows
with the growth of altimetryand farms located in the South produce more thans located in the

Centre and less than farms located in the North.

Table 5.Production FrontieEstimates

Variable Parameter  Est.  Std. Err. z P >|z|
Inputs and trend

Land I 0.3457 0.1447 2.39 0.017
Capital I 0.3934 0.0898 4.38 0.000
Int. Inputs I 0.2889 0.0806 3.58 0.000
Labour I -0.0158 0.0638 -0.25 0.805
Trend I -0.0196 0.0251 -0.78 0.437
, AT A -0.0560 0.0238 -2.35 0.019
# ADEOAI -0.0018 0.0087 -0.20 0.838
)y 1840 OGO 0.0124 0.0084 1.47 0.140
, AAT 0O 0.0031 0.0057 0.54 0.586
4 OAT A 0.0038 0.0015 2.61 0.009

0.0216 0.0112 1.94 0.053
0.0227 0.0109 2.09 0.036
-0.0075 0.0093 -0.81 0.420
-0.0084 0.0035 -2.38 0.017
-0.0297 0.0080 -3.72 0.000
0.0072 0.0057 1.27 0.204
-0.0113 0.0021 -5.27 0.000
-0.0026 0.0066 -0.39 0.694
0.0211 0.0026 8.14 0.000

Land * Capital
Land * Int. Inputs
Land * Labour
Land * Trend
Capital * Int. Inputs
Capital * Labour
Capital * Trend

Int. Inputs * Labour
Int. Inputs * Trend

X —X —X —X —X —x —X —X —X —X —X —X —X —x

Labour * Trend f -0.0015 0.0021 -0.71 0.479
Risk Management Strategies
Insurance Doy 0.0640 0.0260 2.46 0.014
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ET I HT "HH .., 0.0076 0.0019 3.92 0.000
Land * Insurance 0 =.y -0.0018 0.0034 -0.53 0.594
Capital * Insurance O =.y -0.0006 0.0020 -0.33 0.745
Int. Inputs * Insurance O =.y -0.0056 0.0027 -2.05 0.041
Labour * Insurance O =,y -0.0021 0.0020 -1.04 0.300
Trend * Insurance Ne:. y 0.0002 0.0007 0.32 0.750
Irrigation 1 0.0389 0.0301 1.29 0.196
Non-Agr. Diversification I -0.0983 0.0350 -2.81 0.005
Agr. Diversification I -0.0731 0.0253 -2.89 0.004
Control Variables
MediumSmall f -0.0782 0.0371 -2.11 0.035
Medium f -0.0781 0.0445 -1.75 0.079
MediumLarge f -0.0493 0.0529 -0.93 0.352
Large f 0.0549 0.0792 0.69 0.488
Hill f 0.1468 0.0288 5.10 0.000
Mountain f 0.2830 0.0447 6.34 0.000
Centre f -0.1345 0.0385 -3.49 0.000
Northeast f 0.1731 0.0388 4.46 0.000
Northwest f 0.2391 0.0399 6.00 0.000
Constant f 4.4803 0.6203 7.22 0.000

Source:Own elaboration based on FADN data
Note: In bold are shown the coefficients related to insurance expenditure

Table 6.Output Elasticity

Variable Est.  Std. Err. z P>|z|
Land  0.5926 0.0284 20.87 0.000
Capital 0.1427 0.0145 9.85 0.000
Int. Inputs  0.1312 0.0194 6.78 0.000
Labour 0.0358 0.0150 2.38 0.017
Insurance 0.1065 0.0156 6.85 0.000
Trend 0.0219 0.0056 3.98 0.000
Source:Own elaboration based on FADN data

The results of the efficiency function are presented in Table 7. Since the inefficiency function is
estimated, a negative parameter indicates that the variables have a boosting effect on technical
efficiency. Like Roll (2019) the above estimates show that insurance has an enhanpiacton
efficiency. Irrigation has a statistically significant and positive effect on efficidhoyay be related

to the fact thairrigation decreasghe variability of yields, and hence the variability of incafireudi

and Erdlenbruch, 2012allowing farmers to invesh enhanmng efficiency. Agriculural and non
agricultural diversifications do not have a statistically significant effect on effici@ineyestimated
parameter of the time trend indicates that efficiency decreased during the analysed period. This result
may be due to some eversisch as pests, rainfall, and drought that reduced the effici@scior
economic size, the significant coefficient of the medamaller farms shows that this group of farms

is more efficient than the smaller farms. The coefficients of the other sizesla® not statistically

significant. This result can be due to the fact that therehglapresence of small and highly
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specialized farms in the mark@tim et al., 2012. Farms operating in Southern areas of Italy were
found to be more efficient than the farms located in Northern areas likewise to what was previously
assessed byrso et al. (2018)Finally, farms located in hilly arless efficient in comparison with

those placed in plain areas. There is no statistical difference between the mountain compared to the

lowland areas.

Table 7.Inefficiency Estimates

Variable Parameter  Est.  Std. Err. z P >|z|
Insurance . v -0.0226 0.0111 -2.03 0.042
Irrigation 1 -0.2783 0.1188 -2.34 0.019
NonrAgr. Diversification 1 -0.0119 0.1168 -0.10 0.919
Agr. Diversification 1 0.0416 0.0931 0.45 0.655
Trend 1 0.0617 0.0134 4.62 0.000
Medium-Small 1 -0.2647 0.1176 -2.25 0.024
Medium 1 -0.1670 0.1212 -1.38 0.168
Medium-Large 1 -0.0034 0.1260 -0.03 0.978
Large 1 0.0881 0.2024 0.44 0.663
Hill 1 0.4653 0.1271 3.66 0.000
Mountain 1 -0.1931 0.1878 -1.03 0.304
Centre 1 -0.0439 0.1586 -0.28 0.782
Northeast 1 0.4336 0.1553 2.79 0.005

1

Northwest 0.2443 0.1593 1.53 0.125
Constant 1 -1.6218 0.2227 -7.28 0.000

Source: Own elaboration based on FADN data
Note: In boldis shown the coefficient related to insurance expenditure

6.4. Discussion
This sectionaims to clarify the effect of crop insurance expenditure on the production, technical
efficiency, and input use of commercial gragrewing farms in Italy. Crop insurance might be a
relevant tool for enhancing farm performances by reducing suboptimalus@ifhsan et a].1982;
Nelson and Loehmari987; Ramaswamil993) On the contrary, insurance adoption may lead to
inefficient farming actions driven by moral hazard, which causesoptimal results from an
economic point of viewyHorowitz and Lichtenberd 993; Kirkley et al.1998; Quiggin et al1993)
The net result of risk reduction and moral hazard effects on input use and output is indeterminate and
remains an empirical issue. This study intends to add to this stream of empirical literature. The focus

isontheltala gr ape grower s sector because it i's t

the crop insurance program in ItdlisMEA, 2018) Using FADN data, the effect of crop insurance
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on input use, production, and efficiency was estimated using the endogenous panel stochastic frontier
model proposed biarakaplan and Kutlu (2017a)

Similar toRoll (2019) the results of this thesis show that insurance has a boosting effect on both
production and technical efficiency. As for the insurance effect on input use, the findings show that
insurance does not have a statistically significant impact on labour diatiaapital while having a
statistically significant influence on the use of intermediate inputs. Thesigaricant effect on

labour and land was expected as labour is a dixasl input in household farms, just like the quantity

of land is fixed in theshortmedium term in the case of perennial crops such as grapevines. The
insurance impacts on land are not in line with thos&mblras and Aubert (2020yvho found a
reduction in land lfocated to grape production in France. Moreover, the statistically insignificant
effect on capital does not confirm the enhancing investment effect of insurance fovigauyand
Kathage (20191 French and Hungarian farms specialising in wheat. Finally, the significant negative
impact of insurance on intermediate inputs indicates that insurance is a substituterfediaie
goods.In the sample of grape growers analysed in this study, most of the expenses in intermediate
inputs are tied to the purchase of crop protection chemigaisce, the expenditure to purchase
intermediate inputs is primariljominatedby cropprotectionchemicalg(i.e., fungicides, pesticides,

and herbicides The results of the present work contribute to the growing literature on the intensive
margin relations between insurance and pesticid¢His@witz and Lichtenberdl993; Quiggin et

al., 1993; Smith and Goodw;jri996; Babcock and Hennes§®96; Mohring et a).2020a, 2020bh)
showing thé contrary tathe findings ofEnjolras and Aubert (202) France, in the case tifllian

grape production, insurance decreases the intermediate input use while increasing outputity he res
of this thesis differ from those that which was previously founBryplras and Aubert (202®) the

case of French grape growers (no insurance effect on chemical inputs)Mitifoyg et al.(2020b)

for French arable crops (positive eff@ftinsuranceon pesticides uselt highlights that insurance

and pesticide policies need to account not only for the heterogeneity of pesticide typologies, as shown
by M6hring et al.(2020a)but also for the heterogeneity due to the specific condition in which each
sector operateGoodwin et al.2004) Hence, it is nbconceivable to provide a policy indication
based on the inspection of what happens in a single farming 8détorng et al, 2020b)

The causes of the changes found in input use and supply, as explgmaedgrapt8.6, can be the

risk reduction and moral hazard effects induced by insurance. As for the risk reduction effect, as
described in earlier work bramaswam{1992) a Pareto optimal insurance program that provides
full coverage has a riglkeduction effect which causes riakerse farmers to reduce (increase) the use

of risk-decreasing (increasing) inputs toward (away from) the optimal level eheigkkal farmers

and improve (reduce) outpuideed crop insurance is often affectedthginformation asymmetries
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(Just et al.1999)that lead to opportunistic behaviour. Under such circumstances, fanmeertake

actions that change the probability of loss relative to what the losses might be if the farmer were
uninsured, in this way deviating from Pareto optimglNglson and Loehmai987) Moral hazard
reduces the use of all inputs and decreases mean (Rgmaswamil993) Therefore, the net effect

of the two adjustments induced by insurance d
impactof the input on the probability of low yieldslorowitz and Lichtenberdl993; Ramaswami

1993; Babcock and Hennes4p96)

As for the risk preferences of grape growers, previous work has shown they areersi(Aka et

al., 2018) This riskaverse attitude is mainly due to the sunk costs related to high investments in land
and capital equipmen€onsidering this aversion to risk, the increase in output found in this study
suggests that in the caségrape production, the risk reduction effect dominates the moral hazard
effect. In other words, the reduction in input use induced by insurance can be interpreted as a re
optimisation of input use rather than the influence of moral haZzaid.concluson is supported by

the fact that when crop insurance targets specific weather hazards, such as insurance contracts in use
in Italy and France, moral hazard does not pleslevantrole as a driver of intensive margin effects
(Mo6hring et al, 2020b)because there are hardly any agronomical adjustments possible to cause an
insurance payut (Quiggin et al. 1993) Moreover, the decision to participate in a crop insurance
program must be taken before the beginning of the se&s@void an opportunistic farmer that
adopsinsurance after observirige unfavairable conditiongAubert and Enjolrg2014)

The decrease in the use of chemicals induced by insurance in grapevine production in Italy is good

news for the success of the EU Comminfstigapa’ s s
production is characterised by the highest pesticidepesehectarg/Aka et al, 2018) mainly
fungicides(Mailly et al, 2017) followed by insecticides and herbicides. At the same time, the
grapevine is the agriculturalder where insurance has been widely adoptpthllyin the EU and

Italy (ISMEA, 2018) The decline in the use of defence chemicals induced by insurance can help to
di minish both production costs and external o
addition to preventing pestsistancéWilsonand Tisdell 2001) Moreover, the relevant increase in
intermediate input used during the period analysed may be associated with the impact of global
warming on grapevine regio(lglozell and Thach/2014) For example, due to the increase isdcts

and insecborne diseases, the overuse of pesticides might be reasortadilefore, insurance may

have the potential to be an instrument that contributes to the reduction in environmental and health
adverse effects derived from the rizkerse farme s subopt i ma(Mohring ptwalt al |

2020D)
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Furthermore, the input usitimisation due to insurance adoption may also explain the increase in
efficiency. By changing the use of inputs, insurance allowsavskse grape growers to decrease the
use of efficiencyreducing inputs arising from uncertain outcomes. Additionatiguiance may
provide farmers the possibility to invest in efficieAayproving practices. For example, grape
growers may invest in precision agriculture to predict the -Bgpkecific optimum requirement of
resources such as irrigation, fertilisers, pedéisi and herbicidéBhakta et a].2019) Likewise, they

may change the rate of replanting perennial critpsaffecting the age distribution of the orchard

and the yield. Moreover, improvement in efficiency mégoae related to the fact that insurance
allows farms to specialise in insured crop produc@insan et al.1982)since they do not have to
diversify to manage their idiosyncratic rigRoll, 2019)

Finally, the findings of this work show the requirement to treat endogeneity of insurance to estimate
unbiased parameters. The importance of considering endogeneity is due to different aspects. First, th
endogeneity test provided I§arakaplan and Kutlu (2017Khows the endogeneity presence due to
selfselection and reverse causality in the model applied in this thesis. Second, theasigmidif the
substitution effect between insurance and intermediate input use shows tteltirtigeupof the
translog specification is also necessary. Lastly sth@isticalsignificance of the coefficients of the
variables referred to as the risk manmagat tools alternative to insurance underlines the importance

of including them to avoid omitted variables bias.

6.5. Conclusions
This chapter analysed how insurance affects the production decisions of commercigrgvapg
farmers in ltaly by estimating a parniestrumental variablstochastic frontiethataccouns for the
endogeneity arising from the adoption of crop insuraere specifically, this study aied to
investigate the relationship of crop insurance with production, technical efficiency, and input use in
ltalian quality grapegrowers farnng. Similar toRoll (2019) the findings of tle analysisshow that
insurance has a positive effect on production and efficiemioie reducing the use of intermediate
inputs.These results are absolutely consistent Widneoclasg theory and indicate that insurance
can play an essential role in scaling down the suboptimal input use arising frexisteaceof risk
in agricultural productionThe positive effect of insurance adoption in tiherease in output found
in this studysuggests that in the case of grape production in Italy, the risk reduction effect dominates
the moral hazard effedt other words, the reduction in input use induced by insurance can be viewed
as a reoptimisation of input use rather than the moral hdzffect Furthermore, the input use
optimisation due to insurance adoption may explain the gain in efficiency. Finally, the results of this
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work show that controlling for endogeneity in the causal relationship between insurance and
production is needed tavoid biased parameter estimates.

A limitation of the study is related to the not totally reliable data in terms of labour. First, there is a
high rate of missing values as concerns the hours worked in grape growing during the seasons between
2008 to 200. Second, data referring to labour generally contain measurement errors because of the
presence of factors such as illegal employment. Last, the labour quality was not considered, for
example, distinguishing between skilled and unskilled labour or fandyhired.

Anotherrelevantimitation of this study is due to the fact that there is no distinction between the crop
insurance schemes adopted by the farmndf&ADN data In fact, the only data available in the dataset

are the expenditures on crop insurance without a differentiegigardingthe insurance schemes.
Therefore, future studies may try to distinguish among the schemes using other data sources to
provide weltsuited policy indications.

The main limitation of the study, though, is due to the different risk profiles of inputs included in the
intermediate inputs thato not allow for the investigation of the effect of insurance on the use of
production input withalternative attributes.

Given the substitution effect between insurance and intermediate inputs and the different nature of
the production inputs included in that variable in this analysis, further studies are needed to investigate
the relationship betweensurance and specific intermediate inputs used in the -gr@peng sector.

These findings have several policy implications. First, these results differ from those previously found
in different crops and countries. It suggests that insurance and pegiiticies need to account for
heterogeneity due to the specific condition in which each sector operates. Hence, it is not allowed to
give a policy indication based on what happens in a single crop. Second, the decrease in the use of
intermediate inputssthuced by insurance is good news for
strategy aimed at reducing pesticide use. Insurance can contribute to reducing the external costs

attributed to far mer s heal th and egistance.onment
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7. General Discussion andConclusions

Despite recent growth in the scientific literature on crop insurance in agricultural economics, only a
few studies have concentrated on the effects of crop insurance expenditure on farm outcomes. In
particular, the impacts of insurance on productiityrgani and Kathage, 2019and technical
efficiency have received scant considerati@nll, 2019) Analysing the effect of insurance on farm
performancesand input uses essential for policymakers to enhance producers' economic and
environmental sustainabiliffrarrell, 1957)It is even more relevant due to the increasing investment

in the cropinsurance policy in European countries. Therefore, this thesis investigates how crop
insurance affects the production and technical efficiency of farming and whether insurance changes
the utilized input quantities.

For this purposeChapter 2f this workintroduces the Italian crop insurance maikad the relative
legislation Later, the theoretical literature has been analysed as concerns the estimation of the
production frontier. In particular, chapt@éstudies the input use decision under theated theory

of uncertainty of outcomes, which constitutes the environment that farmers face during their activity
(Moschini and Hennessy, 20Q1Komarek et al., 2020)Moreover, thischapter investigates the
relationship of riskaversion with the usage of input, which causes a more conservative input use and
thus lower resultéNelsonandLoehman, 1987; RamaswamB92). Finally, the effect of insurance

on production decisiemaking and farm performance has been reviewed. From a theoretical point of
view, crop insurance might be an effective strategy for improving farm performances by lowering the
usage of ineffient inputs, therefore impacting economic and environmental farm achievigodnt

2019) Contrarily, the adoption of insurance may result in farming practices that are inefficient and
driven by moral hazard, which has unfavourafects(Quiggin et al., 1993)t remains aempirical
guestion how the input utilization and output are affected overall by moral hazard and risk reduction
(Ramaswami, 1993)herefore, a stochastic frontier analysis has been conductedasure these
effects.

In order todevelop a proper stochastic frontier model, in chagtex Scoping Review has been
conducted to investigate the methods to account for risk anemaslagement tools in this
framework.The main driving force behind the current study is the realizationithebntrastto its
relevancean the agricultural sectpthe majority of the scientific literature on fatevel production

does not take risk into consideratahen implementing aaschastic frontie(Just, 2003)Given that

risk effects on technical efficiency an@avoidable, the stochastic production frontier must include
risk sources in order to accurately account for and prdtkdét a r ntechnscal efficiencyBattese

et al., 1997) Moreover, the recent literaturendhe stochastic frontier analysis highlights the

requiremento deal with endogeneitgsuedo estimate unbiased parameters as raghaedproduction
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frontier and technical efficiencfAmsler et al., 2016; KarakaplaandKutlu, 2017, 201h). Even

though the literature emphasizes the importance of these problems, the review of the current work
assesses the luck of the study considering risk andmasiagement tools in the stochastic frontier
framework in agricultural economids addition, wken the effects of risk are included in the model,

the endogeneity sources are often ignored, resulting in biased estimates of parameters. This result is
quite worrying because, often, the goal of researchers is to provide policy indications in order to
enhance the efficiency of the farms. A comprehensive approach that can cope with risk and
endogeneity allows for achieving more precise estimates and policy recommendations by ensuring
the augmentation of agricultural productivity and technical efficieiv@t, the lack of studyto

address these problemmay be related to the fact thiats approach is currently being developed, and

the model igathersophisticated in terms of both modelling and estinmatine stochastic frontier
approach than in the standaegression mode(&umbhakar et al.2015) which drastically reduce

the number of researchers that are able to deal with these problems. In fact, the best eagonomists
this field are more concentrated on sorting out the issues in sectors different from the agricultural
ones. However, agricultural economists have to push the need for the advancement of more
sophisticated methodologies to account for these issues simsmdaproduction is much more
complex than other productive sectohsdeed, agricultural production studikave to take into
account the biologicgdroduction cycleand environmental conditionfactors that are less relevant

in other sectors

Having notel this literature gap, combined with the lack of studies aiming to investigate the impact
of insurance on productivitf/iganiandKathage, 2019and technical efficiencgRoll, 2019) a case

study has been carried out to measure the relationship between crop insurance, input use and farm
performances in the grape farming, following the method proposdgioly(2019. Additionally,
compared to the just mentioned author, has been implemented a methodology to account for the
endogeneity of the insurance adoptiortalian grape farmingchapters).

The results from the case study examined in ch&gtemonstrate the necessity of treating insurance
endogeneity in order to estimate unbiased parameters. Numerous factors make endogeneity a crucial
concept to take into account. First, the endogeneityptesided byKarakaplanandKutlu (2017b)
demonstrates the existence of endogeneity in the model used in this thesis dusefeceh and

reverse causality. Second, the importance @ftibstitution effect between insurance and the use of
intermediate inputs demonstrates the necessity of adopting the translog function to avoid model
misspecification. Last but not least, the statistical importance of the coefficients of the variables
known as the risk management tools alternative to insurance highlights the necessity of including

them to prevent omitted variables bias.
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Moreover, he findingsof this studyindicate that insurance increases farming output and efficiency
while decreasing thesageof intermediate inputd.he increase in production and technical efficiency
observed in this study implies that the risk reduction impact outweighs the moral &ffeetrch the

Italian grape cultivation contexin other wordsrather than reflecting the impact of moral hazard,

the decrease in input use brought about by insurance adoption can be seefosrazation of

input use.This outcome is not unexpectéecause rislaverse farmers will optimize their utility
function besides considering the variance andmeéfacts of inputwhereas an insured farmer will

only consider profit maximization when optimizing his utility functidustandPope, 1978, 1979)

While it might make sense for an uninsured farmer to use an efficietycing tool to lower
production risk, the insured farmer lacks this motivation because the consequences of an incident are
much less severgRoll, 2019) In other words, ins@ance adoption mitigates the effects of fisk
aversion on production decisionaking boosting farming outcomes.

Finally, the fact that insurance has a statistically significant negative impact on intermediate inputs
suggests that it can be used to replatermediate goodsihe findings of this study add to the
growing body of research on the intensive margin relationships between insuramgeuande by
demonstratinghatinsurance increases output while reducing intermediate inpuAsigxplained in
section6.4, most of the intermediate input costs in the sample of grape growers examined in this
study are related to the purchases of crop protection chemicals suclyiaglés) pesticides, and
herbicides. The chemical use reduction caused by insurance in grapevine production in Italy bodes
well for the success of the EU Commission's pesticédieiction agenda. As a result, insurance may
have the potential to be a tooli@ducing the environmental and health consequences &wiske
farmers' inefficient input allocatiofn addition, these results diverge from those previously found in
various crops an&U member countriedt implies thatdependingon the unique ciramstances in

which each sector operates, insurance and pesticide policies must take this heterogeneity into
consideration. Therefore, it is not possible to base a policy recommendation on what occurs in a single
crop.

However, this study is not free of litations. Themainlimitation of the empirical application of this

study regards the consideration of the intermediate input use as a unique vausble. this
restriction, it is not possible to investigate how insurance affects the use of produgtitmwiith

various risk profilesFurther research is required to determine the relationship between insurance and
particular intermediate inputs used in the grgpmving sector, given the different nature of the

production inputs included in thaariable in this analysis.
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Appendix

Figure 18.Distribution of the mean values of the logarithm of output and input levels for insured
and uninsured farmers over all the observations from 2008 to 2017.
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Source: Own elaboration based on FADN data
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Table 8. Insurance Deman@stimatego Correct for Endogeneity

Variable Parameter Est. Std. Err. z P> |z|
Provincial Premium per Hectare | = 0.0030 00001 22.00 0.000
Land | 02114 0.0867 244 0.015

Capital | -0.0914 0.0340 -2.69 0.007

Int. Inputs | 0.1704 0.0428 398 0.000
Labour | 0.1775 0.0312 570 0.000
Irrigation | 0.5682 0.0845 6.73 0.000
Non-Agr. Diversification | -0.2379 0.0985 -2.41 0.016
Agr. Diversification | 0.3410 0.0735 4.64 0.000
Trend | 0.0375 0.0121 3.08 0.0@
Medium-Small 0.1565 0.1215 1.29 0.198

|

Medium | 0.4541 0.1507 3.01 0.003

Medium-Large | 0.7951 0.2004 3.97 0.000
|

Large 1.3376 0.3244 4.12 0.000
Hill -0.1563 0.0855 -1.83 0.068
Mountain 0.7761 0.1133 6.85 0.000

Northeast 0.3033 0.1215 250 0.013
Northwest 0.0662 0.1126 0.59 0.557
Constant | -2.5822 0.4044 -6.39 0.000

|
|
Centre | 0.7584 0.1130 6.71 0.000
|
|

Source: Own elaboration based on FADN data
Note: In boldis shown the coefficient related tlhe instrumental variable
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