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Summary

Far mer s® abi |l it pasedoisksnalimited ie Finlaedddcdusemarketiack market
based risk sharing instrumentsAccording to the concluded surveya majority of Finnish farmers
strongly agree that there are weather risks in agriculture that they cannot manage using the
currently available risk management methodsAccording to our study, a large majority of farmers
agrees that new and innovative insurance products are needed to manage weather risks in
agriculture.

Theamof this study is to evalwuate Finni shvhithar mer s
is stilla new and hypothetical insurance product irfFinlandand is not currently sold Based on our

study, we suggest that parametric insurance would be an essential complement to the supply of
agriculturalinsurance products.

Finnish farmers are not a homogenous group in terms of their interest in risk management. We
found three groups of farmers who differ from each other based on their opinions about parametric
weather insurance.Two thirds of farmers can be considered potential customers for parametric
weather insurance.

Unfortunately, welacked a price attribute for parametric insurance, which is why price elasticity
needs to be studied in future.

Keywords

parametric insurance indemnity insurance,basis risk farmers®ppinions
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1. Introduction

1.1 Weather risks and agriculture in Finland

Boreal biome or taiga refers to a circumpolar vegetation zone characterised by  a forest of
e.g. birch, poplar , and conifers. The boreal zone has long cold winters and short warm to
cool summers. In northern Europe, there is remarkable spatio -temporal variation in growing
season variables related to latitude, local topography, proximity to waterbodies, forest
cover, and urban land use. Agriculture in the boreal region must adapt to relatively harsh
conditions and is concentrated in regions and locations that are less harsh.

In Fenno-Scandia, there has been a significant shift in thermal growing season to earlier
beginnings (on average 15 days over the 1951 4019 study period ), increased length (23
days), and growing degree day sum (287 °C days) (Aalto et al. 2020). With food security
concerns and accelerated global warming, northern regions are becoming new agricultural
frontiers. Finland belongs to the boreal zone, although fields in Northern Finland are sub -
Arctic. Finland is about 1,100 km long in a south anorth direction , and climatic conditions
vary considerably. The growing season is 170 days in southern Finland, but only 100 days
in northern Finland. The sum of growing degree days (GDD) also varies considerably: in the
south, the growing degree days sum is about 1,300, and in the north , 500. Frost occurs
occasionally throughout the country even in the middle of summer. The abundance of light
in summer slightly evens out the growing conditions between different parts of the country.
The nights are short, especially in the central and northern parts of the country. On the other
hand, radiation conditions limit the choice of plant varieties.  Plants must be bred to survive
in Finnish conditions. Climatic conditions significantly affect the location of crop production.
Cultivation of wheat and oilseeds is limited to southern Finland. Barley, oats, hay , and
potatoes, however, can be grown on suitable soil throughout the country. In much of the
country, animal husbandry, and above all milk production, is the only sensible form of
production (Kettunen 1995) .

Finnish agriculture is experiencing a rapid structural transformation, with the number of
farms declining quickly (Figure 1). The number of farms has fallen from more than 50,000 to

fewer than 40,000. Despite this change, however, the amount of arable land under
cultivation has remained unchanged. According to Natural Resources Institute Finland
statistics, structural transformation has not conformed a large commercial farm s, but
remaining family farms have grown evenly. In Finland, the farm structure, the size of the field

plots and the distance from the farm ¢ ompound , is challenging, and it does not allow the

creation of gigantic commercial farms. In Finland, the average size of field plots is about 2
ha, while in Sweden the corresponding average size of fields i s more than 10 ha.
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Figure 1. Number of farms (LUKE 2024).

Climate change is expected to increase ambient temperatures and extend the growing
season in Finland. Most of the cereal yield increase is attributed to general warming.
However, spring drought and heavy and long-lasting rains at harvest time can be
detrimental for many crops. Weather extremes will challenge agricultural production more
often. Plants with an indeterminate growth habit , such as grasses, potato, and root crops,
may therefore benefit most from climate change in Finland. Pests, pathogens , and weeds
may also benefit from increasing temperatures . Thus far, these have been controlled
efficiently by harsh winter conditions. Wit h increasing temperatures , these risks are also
growing (Hilden et al. 2005).

Both climate change and structural transformation force farmers to improve their risk
management. The income for p » @ fpwnilabour and capital has decreased , even though
p N 2 {tubver has increased. Today, farms are more likely to face the possibility of
bankruptcy (Niskanen and Heikkila 2015).

There are many sources of risk in Finnish agriculture. Researchers often highlight the risks
related to their own field of research as the most significant. This applies to researchers in
crop science, agricultural technology, sociology , and economics alike. Even meteorological
researchers scarcely differ from other researchers in this respect. It also appears that risk
sources have a different impact on agricultural production over time (El Benni and Finger
2014).

Risk management in the EU Common Agricultural Policy (CAP) has multiple object ives. In
the EU, price risks are the most important risk source for farmers, followed by weather-
related risks, which represent a second major risk source for agriculture . European farmers
are experiencing more frequent and more significant agricultural income crises, especially
because of the war in Europe . For example, at the time of writing, farmers are protesting on
the streets of Berlin and Paris against rising fuel prices and the influx of food from Ukraine
into the EUis internal markets. Simultaneously, farms are increasing in size, financial margins
are narrowing, and weather hazards are becoming more frequent and more difficult to
forecast (Barrel 2023).
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Stabilising farmers iincomes has become one of the + " J ébjectives . However, instruments
such as farming income insurance, mutual funds , and income stabilisation tools have
remained marginal. The largest share of agricultural subsidies is paid on an area basis, and
the rate has been flat for years. Counter-cyclical payments and premium subsidies for

insurance are almost absent in the CAP. Furthermore, risk management under national
agricultural policies in European countries has an ex-post (and ad-hoc) rather than ex-ante
nature (Bielza Diaz-Caneja 2009). This cultural loading hampers the establishment of the
insurance market for weather risks in the EU.

1.2 Weather risk management tool sin Finnish agriculture

Weather risk management tools in Finnish agriculture can be divided in to two main
categories. These categories are : informal agronomist tools for farm instruments; and
insurance cover provided by either government o r insurance companies, as market-based
risk-sharing instruments (Figure 2). The Finnish government ran a crop damage
compensation (CDC) scheme until 2015. The scheme was designed to cover weather -
induced crop losses in Finland. The CDC scheme was fully financed by the government, i.e.
participation was free of charge for farmers. The CDC scheme was termin ated due to
problems related to moral hazard (Myyra and Pietola 2011). The shadows of this program me
can be recognised to this day. Tradition ally, farmers trust the g ~ "~ k 2 | ¢ dbi|ity@dnd
willingness to save them if faced by large weather risks. However, whether the government
covers yield damage isdown to § ~z s g - {gbodwil?t.dHe government is therefore not
included in Figure 2.

Finnish farmersi relationship with weather risk has been studied. It is evident that Finnish
farmers suffer from unfavo urable weather conditions and have been willing to pay for
weather risk management tools since the government withdrew from the market (Liesivaara
and Myyra 2014). However, these markets have not emerged.

The rapid structural development of agriculture has led to the  production specialisation of
farms. In the past, diversified production made it possible that the destruction of a plant or

avariety due to extreme weather events would not entail a severe financial loss. Other plant
species (and animal husbandry) may have survived, and production was more sustainable
and robust . Currently, farms must specialise to achieve benefits from economies of scale.
However, specialisation increases risks. Currently, Finnish farms may have only one or two
types of grain in their production portfolio.

Farms produce bulk products for the needs of the food industry, and farms have little
opportunity to specialize or produce special products. The direct sales market for special
products is very limited in Finland, and consumers have not bought them on ala rge scale.
In Finland, the food industry and trade are very concentrated.
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Figure 2. Risk management instruments . (Finger and Dalhaus 2017)

Farmers are not a homogenous group in terms of their attitudes towards weather risks. A
third of farmers are recogni sed as willing to insure against unfavourable weather events,
even if only shallow losses are expected. They therefore prefer insurance products

protecting against yield losses to agronomic methods (Myyra and Liesivaara 2015). At the

farm level, this can be observed in how farmers recogni se agronomist tools and skills to

prepare against inter -annual weather variation. However, severe losses in one year are
considered a threat to the contin uation of traditional farming, and some farmers therefore
seek insurance products that are more oriented towards catastrophe prevention.

Agronomist risk management tools against adverse weather conditions typically require

fixed investments in either land or machinery. These investments include drainage or
irrigation systems and are currently severely hampered in Finland due to a land tenure
insecurity problem (Myyra 2009) . More than 40% of all arable land is farmed under short -
term land lease contracts. Leaseholders are unwilling to make the investments necessary for
weather risk management . Or rather, that the rental market mechanisms are not efficient
enough for the rental farmers to have incentives to make basic improvements (Myyra 2009).

Farmersi ability to manage weather-based risks is limited in Finland because markets lack
market-based risk sharing instruments. Parametric insurance would be an essential
complement to the supply of insurance products.
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2 Framework

2.1 Moral hazard, adverse selection, and basis risk

Insurance could be an answer to the provision of financial protection against natural
disasters resulting from extreme weather condition s. However, insuring farmers against
crop losses is complicated . Insurers want to be sure that farmers are striving to protect their

crops from natural disasters . Farmers are expected to follow the farming guidelines issued
by insurance companies as much as they can when natural disasters strike. However, farmers
have moral hazard incentives because they receive EU subsidies, regardless of their crop

yields. They may not want to use any additional inputs to secure the yield when vyield
damage seems inevitable. Yet insurers want to avoid adverse selection by not insuring the
most risky farmers.

Parametric insurance solves these problems by connecting insurance indemnity to a
parameter such as observed weather conditions , rainfall, and temperatures , which are

s|i k8k|i k] ® ~p ~| s]is’si 7"z affettedpkahymoralhagads ~ | «

and adverse selection.

Parametric insurance is free from moral hazard and adverse selection because parameters
are not subject to manipulation by individual farmers i " g.@lsepric& of freedom is that

parameters that describe weather variability are not perfectly correlated with the yield

variability (and especially with the income variability) farmers experience (Figure 3). This
challenge is called basis risk. Basis riskis an unavoidable feature of parametric insurance.

In this study we ask farmers how they feel about basis risk. We also distinguish between

upside and downside basis risk. Upside basis risk occurs when a farmer is eligible for an
indemnity payment under parametric insurance e ven if that farmer has not faced any real-
life damage (question C23). Downside basis risk is the opposite case and is addressed with
farmers in question C24. We are aware of studies in which basis risk has been examined

theoretically , but we believe that farmers i attitudes towards basis risk have not previously

been investigated based on survey data in developed country conditions (Hott and Regner
2023).
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Relationship between yield and weather becomes complicated ; asymmetric information betw een insurer
and insured increases. Basis risk decreases. Indemnity payments equal with damages realized.

Parametric insurance Indemnity insurance

Indemnity payments « » Indemnity payments are
are based on weather based on damages.
observations.

Weather events are clear and measurable ; asymmetric information between insurer and insurer decreases. Basis
risk increase s. Indemnity payments from parametric insurances do not necessarily meet with damages realized.

Figure 3. Relationship of insurance types in terms of basis risk when insuring farmers against
unfavourable weather events affecting yield.

In indemnity insurance contracts, losses and the resulting indemnity payments are partly
endogenous for the farmer, and the efficiency of contracts is therefore significantly
decreased by asymmetric information problems. The reason is that insured scan use private
information to change their behaviour atthe s | «  %dst® An«example is increasing the
likelihood of experiencing yield losses by decreasing the use of risk -decreasing inputs like
pesticides (Smith and Goodwin 199 6). This imoral hazardi problem can make yield risks
uninsurable and destroy the entire market for these risks. Parametric insurance does not
suffer from the moral hazard problem , which is why it is important to study whether farmers
in Finland are interested in such new insurance products , which remain hypothetical and are
not traded in Finland .

The role of governments in yield insurance is crucial. Governments in the EU can support

yield insuran ce through premium subsidies ( European Commission 2013 ). Governments

can also ruin the marke t by creating ai g r ~“hazar@® - § 2 ~ The khfrity hazardi §2 ~f z k {
means the crowding out of private insurance demand by government compensation

(Robinson et al. 2021). This is also a potential risk in Finland, as we have a long history of
government subsidy packages for farmers who are in trouble for various reasons.

2.2 What we have , and what we are looking for

There is currently only one commercial crop insurance policy available in Finland. It is a
typical i { -pe® <rop insurance i § ~(Figure -4). It provides cover against multiple
weather conditions but requires a total loss. It therefore does not include any traditional
cover and scale elements. Farmers can select certain perils against which they would like to
be protected. These include spring drought s and heavy rainfall during harvest. The uptake
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of this product has been wealk, indicating that there is a need for different kind s of insurance
products .

From the insurance companyi <erspective, the current insurance type involves high
administrative costs. We need third -party inspectors to confirm the p ~ 2 { kl&ini. &hese
inspections must be carried out on the farm. Despite the s | « 8§ k gh®h feveli of
professionalism, the insurance company is unable to obtain information about all the causes
resulting in crop damage. The insurance currently in use in Finland is conditional on the total
destruction of crop. However, there is no unequivocal definition of total crop destruction.

Index or parametric insurance policies have numerous advantages from the insurance
companyi perspective. This study maps farmersi opinion s regarding parametric insurance.

Crop Insurance .Index
insurance
| [ | is also
| called
Indemnity : Index parametric
Insurance | Insurance insurance.
| ! [
| [ [ | ! [ ]
Weather ) Whole Farm| ! ) Weather
Dicaster Yield Revenue Insurance i Area Index Index
I
Multi Peril | .
Crop Insurance i Yield Temperature
I
: Revenue I Precipitation
Single/Combined :
Risk Insurance !
. 1 ® e e
Remote-sensing-

based insurance

Figure 4. Crop insurance types. (Finger and Dahlhaus 2017). Parametric insurance included by
writers.

2.3 Cost-eff ective solutions for weather risk management
In agriculture

Farmers can mitigate the risks of agricultural business. The risk cannot be completed
eliminated because it is extremely expensive. After a certain limit (risk -cost optimum, Figure
5), it is no longer profitable because costs increase significantly. There is a need for a cost-
effective risk management tool for agriculture. Parametric and index insurance  policie ssolve
moral hazard and adverse selection problems. These insurance policie s are also widely
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tested in developing countries to offer

in agriculture (World Bank 2011). However, to our knowledge

cost-effective solutions for weather risk management
, parametric insurance has yet

to be scaled in European agriculture risk management markets. This may be connected with
cultural issues, alack of supply, legal restrictions, and farmers iattitudes. In this study , we test
p~2a{k?«i totwari® pa@matri iRsurance and especially basis risk, which is an integral
part of parametric insurance. Cost -effectiveness is strongly related to the claims handling
process. Ifitis unnecessary to monitor claims at the farm level, i.e. farmers tolerate basis risk,
parametric insurance may also provide cost -effective weather risk management in Europe.

Costs

Cost of Losses

Figure 5. Riskcost optimum.
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3 Data and Methods

3.1 Questionnaire

This study aims to evaluate Finnish farmersi interest in parametric weather insurance.
Parametric weather insurance is not currently sold in Finland, which is why we study a
hypothetical product. Currently , weather-induced yield variation, or yield risks, are insured
with indemnity insurance. Indemnity insurance is based on insurance contracts, insurance
claims, and claims inspection. In Finland, insurance contracts differ somewhat from those
common in the United States or central Europe. In Finland , indemnity payments are typically
paid only if the yield loss is total. We therefore have a culture in which the farmeris
deductible has been very high, roughly 95%. Finnish farmers do not currently have access
to partial or shallow loss yield insurance . Nor can they insure themselves against adverse
weather events.

The data are collected using a questionnaire sent ® ~ >~g”*zP"*"8s~z" i« p~ra{ g
observed a significant risk that the questionnaire cover pages affect ed customersi choices.

This so-called anchoring effect has been shown to have a significant effect on Finnish
farmersianswersin similar questionnaires regarding hypothetical yield insurance (Liesivaara

and Myyra 2014). In this study, we lack the resources to test the anchoring effects of different

wordings on the questionnaire cover page. However, we carefully pretested the

guestionnaire with several expert groups.

The« 2 ~ fiest viergion was evaluated by experts working in> ~ g » z P " Agscttaré andk

Forestry business. This improved the questionnaire significantly. Some complicated

structures and hard-to-formulate questions were removed . In addition ,the © k « ®s ~| | " s & ki
final form was established. The © k « ® s ~ |ngxttesfing $tage was with a LocalTapiola

customer focus group. The focus group consisted of young farmers who were members of

the Central Union of Agricultural Producers and Forest Owners (MTK). The young farmers

had straightfor ward opinions about the real-life needs for parametric weather insurance.

Some of the opinions were specific to certain local conditions and production lines.

However, specific needs such as spring drought and excessive rains in the harvest season

were included in the questionnaire.

The main format chosen for the survey was an opinion poll with a five -step Likert scale. The
Likert survey is a pre-arranged scale from which respondents choose one option that best
suits their view of the statements presented. It is often used to measure respondents i
attitudes by asking to what extent they agree or disagree with a particular question or
statement. This survey used a scale of iStrongly agreei Boméwhat agreei Neittier agree
nor disagree i $oméwhat disagree i, and iStrongly disagree i The actual statements form the
body of the survey. When presenting the results, the class -scale variable is converted into
distance scale numbers according to Table 1.
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Table 1. Interpretation of opinions on a distance scale.

Class scale Distance scale
Strongly agree 2

Somewhat agree 1

Neither agree nor disagree 0

Somewhat disagree -1

Strongly disagree -2

The Likert scale claims were grouped into five different groups. The aim of this grouping
was to make it easier to respond to the survey. The groups of questions were the following:
1) Your interest in weather phenomen on insurance; 2) Weather phenomena to be insured ,
and how to measure them ; 3) Compensation payable under weather phenomenon
insurance; 4) Protection instructions / risk prevention ; 5) Detection of weather phenomenon
or crop damage (Table 2).

Table 2. Statements presented to respondents.

(A) Your interest in weather insurance

(1) 1 would like insurance that enables preventive measures to materialise the damage by paying the insurance
compensation immediately when the weather phenomenon occurs.

(2) There are weather risks in agriculture against which | cannot currently hedge.

(3) I am interested in parametric insurance to protect against extreme weather phenomena.

(4) The weather-related variation of the crop level is small on my farm, on average less than +/ - 30 per cent of the long -term
average.

(5) | protect production from extreme weather phenomena by choosing plant species.

(6) The weather affects the organi sation of the farm is production.

(7) Extreme weather events have increased.

(8) Irecogni se weather phenomena that affect the operation of my farm.

(9) I can manage all crop risks in agriculture using agrotechnical methods.

(10) I myself can influence how extreme weather phenomena affect the harvest.

(B) Protection instructions / risk prevention

(11) Parametric insurance encourages you to protect yourself from risks because you can get compensation , even if the
damage has not materiali sed. It is therefore worth trying to prevent damage.

(12) Parametric insurance can be built so that the insurance company checks the damage on site , and only those who have
suffered crop damage receive compensation. This increases costs and the price of insurance. | accept the increased costs.

(13) Compensation for parametric insurance can be paid , even if no concrete damage is found to have occurred. In weather
phenomenon insurance, only the weather phenomenon is agreed and not cultivation or crop damage.

(14) One of the key advantages of parametric insurance is that insurance claims are paid quickly. It is inadvisable to slow
down the process with an onsite damage inspection, as the realisation of the phenomenon is sufficient basis for  indemnity
payment.

(15) Agriculture needs new and open -minded insurance against weather risks.

(16) | am well acquainted with the protection guidelines for crop insurance policies currently on sale.

(17) It is right that crop insurance should be the same price for everyone, even those who do not follow  protecti on
guidelines.

(18) Insurance based on weather phenomena, which does not require farm -specific monitoring of cultivation methods and
the determination of actual harvests, seems a modern way of managing weather risks.

(19) The harvest and cultivation activities of a farmer who has taken out parametric weather insurance must not affect the
insurance compensation to which weather phenomenon insurance entitles you.

(20) Insurance compensation for weather phenomenon insurance should only be paid to those whose crops were also
destroyed as a result of the weather phenomenon.

(21) Insurance compensation must be paid to everyone affected by an exceptional weather phenomenon (e.g. drought),
regardless of the harvest on the farm.
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( C) Compensation for parametric weather insurance

(22) | want to determine the exact time of a weather phenomenon such as drought or exceptional rainfall so that | can
protect myself against it with insurance. However, the insurance should be taken out no later than one month before the
date to be insured.

(23) In parametric insurance, it can sometimes happen that a weather phenomenon occurs and you receive compensation
from the insurance , even though you have not experienced any damage. That is right.

(24) In parametric insurance, it can sometimes happen that you experience crop damage, even if the weather phenomenon
that triggers the insurance compensation is not observed. That is right.

(25) The current crop insurance requires normal cultivation operations in the area to be carried out. However, itis impossib  le
to control them.

(26) It is easier to insure the weather risk in crop cultivation based on measuring the weather phenomenon than on
measuring the actual harvest.

(27) The farmer himself can influence the occurrence of crop damage.

(D) Insurable weather phenomena and their measurement 1

(28) Frost poses a threat to my crops.

(29) I want weather phenomena to be measured on my own farm if insurance compensation is paid on the basis of weather
phenomena. The Finnish Meteorological Institute is modelling of weather phenomena is not valid.
(30) The weather statistics of the Finnish Meteorological Institute describe well the precipitation that took place on my far ~ m.

(31) The Finnish Meteorological Institute is a reliable independent provider of weather data, and phenomenon -based
insurance can be based on modelling results published by the Finnish Meteorological Institute.
(32) I have a weather station and can share the data it collects with the insurance company.

(33) In arable farming, harmful drought can be measured by the continuous number of  days without rain from the time of
sowing.

(34) Finland is a northern agricultural country, and the short growing season and the small amount of heat are the main
weather risk.

(35) Weather phenomena form minimum factors (for example, drought) that prevent the effective use of other inputs (for
example, fertilisers.

Prk «"{8zk ~p g «®~{k?« pr« k{®2~"rg®ki p2~{
Management (CRM) database. The following rules were used: 1. The customer type is
jagriculture i A The M segment is 183. This rule implies that the customer has a significant
economic connection with agriculture. The customer either derives part of their income

from agriculture or ha s significant fixed assets in agriculture ; 3. The customer has not opted

out of receiving emails from LocalTapiola ; 4. We have the email address ; 5. We know the
customer is main agricultural production line.

Swedish is the second official language in Finland . The Swedish version of the survey was
made for Swedish -speaking customers . The original statements in Finnish are presented in
Appendix 1.2

3.2 Response rate and respondent representativeness

The survey response rate was 5.4%. According to a LocalTapiola specialist, this response
rate is very close to the normal response rate of customer satisfaction surveys. This indicate s
that the survey was ibusiness as usuali in an insurance company context . The survey was
implemented on the Surveypal platform , the main platform used at LocalTapiola.

! Reason for not been interested in parametric insurances might be due to  fact that farmer is not
affected by the peril mentioned in questionnaire.  That is taken into account in grouping analysis (K -
means)i & @~® s | ®k 2 k «r@dogniged topne®ofgiodps . ~ 2@ k

2 Lost in translation between three languages might be possible, but impossible to prove.
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The representativeness of the survey data was checked by comparing a sample drawn from
the customer base (to whom the questionnaire was sent) with the survey respondents. From
this comparison ( Table 3), it seems that respondent representativeness was satisfactory. The
size of the respondents is very similar if measured in farm size classes(M classes). In addition,
the production line distribution is also very similar to the sample , although grain farms are
slightly overrepresented among the respondents. The respondents represent the farm
customers in the sample in terms of age. Farm characteristics are used when conformed
opinion -based farmer clusters are described.

Table 3. Representativeness of the respondents.

Farm size (M class) Sample, % Respondents, %
M1 21% 25%
M2 47% 47%
M3 32% 28%
Production line

Dairy (01) 14% 12%
Other animal production (02 &12) | 14% 10%
Grain farm (13) 47% 58%
Other plant production (14 &23) 22% 18%
Forestry (25) 3% 1%
Age, years 54.50 54.09
Field area ha, own 38.73 43.23
Field area ha, leased 29.87 34.77

3.3 Latent farmer groups (K-means)

This study uses the K-means cluster analysis to find homogenous and recognisable farmer
clusters. All 35 statements in the questionnaire (Table 2) are used for this task. A principal
component analysis is not n eeded because farmers responded to all statements using the

same Likert scale, which is transformed to numerical values accordin g to Table 3(-A O AbI
The number of groups was determined based on their reliability and interpretative interest.

Later groups are described and named based on the farmersi average opinions within
clusters.

The K-means algorithm is an algorithm for clustering n objects based on attributes into k
partitions, k < n. The objective in K-means clustering is to minimise total intra -cluster
variance, or the squared error function:
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k

V:Z Z(Ij—ﬁ%)z

i=1z,€8;

: (1)

where S areclustersfors p ¢ &nd Rig the centroid or mean point of all the points  x/
S.

The most common form of the algorithm uses an iterative refinement heuristic that starts by

classifying the input points into Kk initial sets, either at random or using some heuristic data.
It then calculates the mean point, or centroid, of each set. It constructs a new clustering by
associating each point with the closest centroid. The centroids are then recalculated for the

new clusters, and the algorithm is repeated by an alternate application of these two steps

until convergence. Convergence is obtained when the points no longer switch clusters.

This purely numerical approach to grouping respondents helps enrich the interpretation of
the results. Based on the results, the clusters can be given logical nhames , and clusters
include farmers with a similar opinion on the shown statements.

4 Results

4.1 Farmers i opinions

Ths « « ®naim qudstion seeksto reveal farmersiinterest in parametric insurance (question
A3). When farmers are asked directly, slightly more than half express an interest in
parametric insurance . There is no mention of prices here, so no position can be adopted
concerning price elasticity. Five per cent of respondents strongly disagree with the need for
parametric insurance to insure risks related to extreme weather events. About a third of the
respondents had not formed an opinion on this question  (Figure 6).

Farmers strongly agree that there are weather risks in agriculture that they cannot manage
with the currently available risk management methods (A2 in Figure 6). About 85% of
farmers agree at least somewhat with this statement. The result is supported by the view that
weather affects the organisation of production on farms (A6).

It is thought that not all farmers believe that climate change is real. There is no need for such
a notion, as only 47 out of 618 respondents did not think that extreme weather events had
increased. Thisis astongresult, as®r k 2 k « § averagk ag®was 54, and farmers have
along history and extensive experience of farming in harsh Northern climate conditions. As
the results of claim A8 show, farmers monitor the weather and identify phenomena that
affect the organisation of farm production. Sorvali (2023) came to the same conclusion:
iThere is not much climate skepticism among Finnish farmers, and climate change is
accepted as a real phenomenon T i

Finnish farmers do not have the cultivation methods that would allow them to manage all
weather -related risks (A9 and A10). The result indicates that the yield variation experienced
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on farms is exogenous and largely beyond farmers icapacity to handle . The result shows that
weather risk management also requires insurance products.

Current crop insurance policies assume that yield risks are endogenous. In practice,
therefore , it is assumed that farmers can influence crop damage by themselves. For this
reason, current crop insurance policies include protection guidelines that oblige farmers to
ensure, by using standard farming methods , that their crops are not destroyed by weather
events. It seems that farmers are unfamiliar with these guidelines (B16). However, farmers
do not accept that crop insurance premiums are identical for everyone, including for those
who do not comply with the protection guidelines (B17). The result is confusing, but
interesting. It is therefore absolutely necessary to accept the exogenous nature of crop
risks®.

Nearly three quarters of farmers agree that innovative insurance products are needed to
manage weather risks in agriculture (B15). However, it is evident that farmers feel strongly
that indemnity payment s and the damage that occurs at the customer level must go hand in
hand (B13). This is despite the fact that in parametric insurance, only the weather
phenomenon is agreed , not cultivation or crop damage. This result may reflect the influence
of current crop insurance policies available on the market. In current insurance policie s,
indemnity payments are based solely on damage that is observed and verified on the farm.
Based on the results of this survey, the switch from indemnity to parametric insuran ce is
challenging , at least in the short term. Farmers appear to believe that when they have
insurance for yield risks by parametric weather insurance , the harvest and cultivation
activities of a farmer must be accounted for . This holds despite the fact that indemnity
payments are triggered solely based on weather parameters (B19).

3 We did nod fin in o ur data strong evidence for production line sensitivity (table 8) for interest in
parametric weather insurances.
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