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Abstract

In the article a parallel between the classical and parametric scheme of agricultural risk insurance is conducted.
The application aspects of parametric (index) schemes of insurance with emphasis on the use of weather
index insurance products are examined, their advantages and disadvantages are considered.

This research examined the applicability along with simple weather index insurance products combined,
that can consider and put together a few parameters simultancously and thus neutralize the impact of the whole
weather risks at regional level. The authors demonstrated the feasibility of using the proposed combination
of weather index (C,) —a special indicator which characterize the impact of weather risk combitation intensity,
measured by certain parameters (heat, cold — temperature; air humidification — relative humidity; drought
— precipitation) on the grain maize yield in definite growth stages (flowering and grain filling). On the basis
of research, the detail mechanism proposed by the authors of the combined weather index (Ci) in general,
and on the example of concreate calculations, is performed in particular.
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Introduction

One of the key features of agriculture is its
dependence on natural conditions. Along with
price volatility, the presence of commercial risk
and raiding, Ukrainian farmers are also suffering
from weather freaks. Insurance is called to minimize
losses from the latter. That is a system of economic
relations to guarantee insurance protection in order
to ensure the income stability and the available
property conservation (Pointer and Khoi, 2019).

As a result, insurance of agricultural products
(Ukrainian agricultural insurance system) is one
of the key components of such a system that
provides risk management in the agricultural sector
and contributes to creating the basis for sustainable
economic growth in agricultural production.

At the same time, the agricultural insurance market
in Ukraine is still undeveloped, and insurance
products are not well-received among farmers,
despite the tendency to expand the spectrum
and quality of the latter in the context of classical
and parametric insurance schemes.

Consequently, a certain imbalance arose
- a powerful development of the agri-industrial
complex in Ukraine in recent years has not
been accompanied by the proper development
of the insurance market, which goes against
the generally established international practice.
After all, the majority of countries in the world
where agriculture is successfully developing (the
USA, Canada, Spain, China, etc.), are characterized
by a high level of agricultural insurance
development.




The fact that Ukraine belongs to the risky
farming zone largely determines the dependence
of agricultural producers' performance
on the influence of weather patterns. Insurance
based on weather indices is a real leverage over
weather risks, that is, patterns that really reduce
the crop yield.

Weather index insurance principles were initiated
by Halcrow (1948) and further developed
by Dandekar (1977), Skees etal. (1999) theoretically
proposed these principles for developing countries
and later on empirically tested in Moroco (Skees
et al.,, 2001). Mahul (2001) provided a more
formal framework for weather index insurance
in agriculture. Using historical precipitation
and temperature data, Turvey (2001) illustrated
how weather index insurance could be used
to address specific-event risks measured at the local
level and how prelcpitation and heat insurance
could be priced in practice. Weather index insurance
provides protection for vulnerable households
against specific weather shocks (e.g., precipitation
shortage or flooding) by using historical
precipitation, yield and related agricultural
and weather data (Osgood et al., 2007; Barnett
et al., 2008; Gebeltova et al., 2020). A contract
is signed between an insurer and a policy holder
in advance. Payment is based on the observable
intensity of a weather index closely correlated
to the yield rather than to the non-observable
specific impact on it (Mahul, 2001). The policy
holder will get a payout when, for instance,
precipitation is below an agreed amount (trigger
point) based on automated weather station records.
Weather insurance thereby needs evidence
of the statistical relationship between the specific
weather event being measured and volumetric risk
(e.g., crop loss) at the farm level.

Different aspects of the functioning of such
an important tool as agricultural insurance were
studied by the number of national scientists
and practitioners, among them are Martseniuk-
Rozaronova (2010); Navrotskyi (2012),
Nesterchuk (2018), Polchanov (2013) and others.
In their research, the scientists studied the main
development trends of the Ukrainian agraricultural
insurance market in general and some problematic
aspects of its development, generalized historical
aspects of its formation and establishing, studied
the specific features of insurance legislation,
and found out the specific character of the insurance
market. Ukrainian scientists researched insurance
products and insurance schemes that provide
insurance protection of farmers (Nesterchuk et al.,
2018).

Some  theoretical ~and  practical  aspects
of agricultural insurance were profoundly
investigated by foreign scientists, among them
the following should be mentioned: Santeramo
(2018); Shiferaw et al. (2015); Barnett and Skees
(2008).

It is necessary to mention that foreign scientists
provide a profound and elaborated analysis
of insurance programs, used in the agricultural
insurance. This aspect was covered by foreign
researchers in the context of classical, parametric
and specific insurance schemes: Fuchs and Wolff
(2011), Chantarat et al. (2007); Dalhaus, Musshoff
and Finger (2018), Tadesse et al. (2015), Turvey
(2001), Odening and Shen (2014).

A great body of scientific literature deals
with parametric schemes in the agricultural
insurance, that is the index insurance products
for agriculture. This aspect is sufficiently
and intimately researched by the following foreign
scientists Barnett et al. (2007), Weber et al. (2015),
Sarris (2013), Micntosh et al. (2013), Kocisova
et al.,, 2018, Morkiinas et al. (2018), Walewicz
(2018), Malyovanyi et al. (2018), Grmanova
and Strunz (2017).

These are key potential advantages of weather
index insurance over traditional crop insurance
schemes, but many pilot projects show that
significant improvements in product design
and implementation strategies are still needed,
especially to enhance demand and uptake.

At the same time, there are a number of problems
related to the functioning of parametric insurance
schemes, in particular at the level of developed
and developing countries, which are described
in sufficient detail by foreign researchers.
First of all, it concerns the problem of reliable
and systematic data availability.

Thus, Weber et al. (2015) deal with the common
problem of developing countries in which yield
data is often only available on an aggregated
level, and weather data is only accessible for a low
number of weather stations. The insurance products
are modeled for different inter-regional and intra-
regional risk aggregation and risk coverage
scenarios.

The findings suggest that index-based weather
insurance products bear a large risk mitigation
potential on an aggregated level. As a result,
meso-level insurance should be recognized
by institutions with a regional exposure
to cost-related weather risks as part of their risk-
management strategy.




Despite continued pilot testing of weather index
insurance products in low income countries, its
actual uptake has been far below expectations
(Micntosh et al., 2013; Walewicz, 2018). The high
price (premium) and lack of trust in the index
and its ability to properly predict the risk of loss
as well as the credibility of the insurance providers
are key factors negatively influencing the demand
for weather index insurance (Barnett and Skees,
2008). Turvey (2001) shows that the low demand
for weather index insurance by poor farmers is
a rational response to basis risk. For higher uptake,
weather index insurance should be cheaper than the
current risk management practices of smallholders,
such as reliance on social networks and self-
insurance mechanisms by owning assets (Micntosh
et al., 2013). Others argue that promoting access
to productive assets (e.g., land), credit, improved
seeds, better agricultural practices and rural
infrastructure are the key factors for the poor to build
their own capital to self-insure in case of disaster.
However, it is difficult for the poor to build capital
for climate risk management and risk transfers
(insurance) in the short run as current consumption
competes with future savings. Insurance and credit
instruments for smallholders may need to be seen
as essential complements rather than substitutes
for risk-reducing and profitable technological
innovations. This is particularly relevant
as technological solutions will be inadequate
in managing production risks caused by severe
climate shocks and extreme events, expected under
progressive climate change.

At the same time, nowadays the Ukrainian market
of agricultural insurance is still undeveloped,
and insurance products are not in a great demand
among farmers. Moreover, parametric insurance
products, at the Ukrainian insurance market are
innovative and now they are at the introduction
stage. Considering this, the use of innovative
practices and methods in the agricultural insurance
at the current stage requires further heightened
attention.

Aims

The purpose of the paper is to investigate
the application of parametric (index) schemes
of insurance in the agricultural sector of economy
with a focus on weather index insurance products,
outlining their advantages and disadvantages
and, from this, justification of the feasibility
of using the authors' proposed combined weather
index (Ci), which consider and combine several
parameters at a time and, thus, is able to minimize
the impact of the combination of weather risks
at the regional level.

Materials and methods

The theoretical and methodological basis
of research is the works of domestic scientists
and practitioners, as well as foreign ones involved
in researching the market of agricultural insurance
services in general and the issues of developing
an effective system of agricultural insurance,
in particular. The following methods of research
as an economic-statistical, abstract-logical, graphic
and scientific generalization are used.

To achieve the stated goal, the following general
scientific  methods of scientific  cognition
and research of economic phenomena were used,
in particular the dialectical cognition method
was used to analyze scientific research papers
on the national and foreign issues of effective
functioning of the insurance market in general
and the research of available insurance services
for agricultural producers.

The empirical research method was used to evaluate
the current state and development of the object
of our research.

To compare the key insurance schemes, in particular
in the context of classical and parametric insurance
products, we applied comparative analysis. Tabular
and graphical methods were applied to systematize
and visualize numerical material. Abstract-
logic approach allows to generalize the findings
of the research and to draw the conclusions.

In practice, the economic-statistical method is used
in the study of mass phenomena, processes, facts
and the identification of trends and patterns of their
development. It also makes it possible to determine
the quantitative effect of individual factors
on the result of the study and identify the
main factors that led to changes in the course
of economic processes. In this study, this method
is one of the main methods. After all, using
the method of mathematical statistics, namely,
multivariate analysis of variance, the justification
of individual parameters influence (the average
monthly air temperature, precipitation amount
and relative  humidity) on the yield
of the agricultural crop is carried out (corn in Uman
district of Cherkasy region). The main features
of this method application in this study are
described below.

Calculation and usage patterns of the combined
weather index (Ci) from a regional perspective

In the framework of this research, we will consider
the feasibility of using a combined weather index,
which put several parameters together, so-called




triggers, in terms of Uman district of Cherkasy
region. The source of the basic data describing
agri-meteorological conditions of crops vegetation
(in this case, grain maize) is the observation
results of weather conditions conducted at Uman
meteorological station, located in Uman district
of Cherkasy region (period: in 2002-2017
timeframe, that is, an interval of 15 years).

In this case, the combined weather index is used,
in particular, the boundary values of the three
parameters: the amount of precipitation, relative
humidity and the air temperature during the critical
periods of crop vegetation (flowering and grain
filling — June-July of the month), which determine
the critical values of corn yield for grain, are used.

The grain maize yield data for this research
were based on a long stationary field experiment
(conducted since 1964) by the Department
of Agrochemistry and Soil Science of Uman
National University of Horticulture, based
on a 10-field crop rotation (spring barley + clover,
clover, winter wheat, sugar beet, maize, peas, winter
wheat, maize for silage, winter wheat, sugar beet).
In the crop rotation organic fertilizers (manure
9t 13.5t, 18 t), mineral (NP, K, ; N, P, K :
NP .K,) and organo-mineral (manure 4.5 t
+ NP K ;manure 9t+ N, P _K ;manure 13.51

227 3477182 457 687 736
+ NP, ,K,,) are applied in crop rotation (Table 1).
One of the intermediate stages of further research
will be the separation from the above set of fertilizer
systems optimal and the subsequent research stages

based on the indicators of the latter.

The values of weather parameters (precipitation,
relative humidity, air temperature) are taken
from the data of Uman meteorological station.

For grain maize, the critical period of time is
the flowering and grain filling. This period lasts

about two months (usually in June and July).
At the same time, it should be emphasized
that this period of time is determined in each
region individually. It is during this period that
sufficient moisture is required (both in the form
of precipitation and relative air humidity) so that
the grain gets moisture and it is very important that
there are no extremely high temperatures at this
time interval (especially during flowering).

The key stages of further research are as follows:

1. To determine the effect of weather
conditions (heat, air humidification, drought)
and elements of agritechnology (fertilizer
systems) on the formation grain maize yield.

2. To find an optimal fertilizer system
as a key element of agritechnology
for this crop and conduct the futher stages
of research based on the latter.

3. To characterize and determine the effect
of three identified weather risks, measured
by certain parameters (heat, cold
— temperature; air humidification - relative
humidity; drought - precipitation) on the grain
maize yield at a certain critical stage of crop
vegetation (flowering and grain filling).

4. To calculate the combined weather index (C)
and, accordingly, all other key parameters
that characterize it (the index step,
in particular; the interval step, determining
the insured event occurence; the justification
of the scale of insurance payments as a result
of insured event occurence, etc.).

Determination of the weather conditions
effect (heat — temperature; air humidification
- relative humidity; drought - precipitation)
and agritechnology elements (fertilizer systems)
on the formation of grain maize yield

Fertilizer Mean Median Min Max Std.Dev. Coef.Var.
No fertilizers No fertilizers 47.9 45.65 20.0 83.6 13.48 28.09
N,.P..K, 1 NPK 58.6 57.6 28.5 89.0 13.76 23.48
N, P Ko, 2 NPK 67.0 66.7 35.7 89.6 13.19 19.69
N3P 3K s 3 NPK 72.8 72.1 424 95.8 13.44 18.45
Humus 9 t 2 Hn 59.1 61.2 27.7 87.0 14.48 24.51
Humus 13.5 t 3 Hn 64.6 65.5 324 92.0 14.79 22.88
Humus 18 t 4 Hn 67.9 66.45 38.1 93.0 13.95 20.52
Humus 4.5t +N_ P K 1 Hn + NPK 60.5 60.2 30.2 92.0 14.01 23.15
Humus 9t+N, P K, 2 Hn + NPK 70.5 70.3 38.1 93.8 13.39 18.97
Humus 13.5 t + NMPI&Z ., | 3 Hn + NPK 717.0 76.7 47.2 99.7 12.81 16.64

Source: Data samples for statistical processing are formed from the results of researches obtained during 2002-2017 (that is,
the interval of 15 years)

Table 1: Grain maize yield depending on study year and fertilizer system.




The variation coefficients of the data samples
of different study years ranged from 16 to 24%,
corresponding to a small and moderate variation
(Table 1). This indicates that weather conditions
had an effect on the formation of grain maize
yield. The most stable samples were data obtained
for maximum fertilization, while the control study
(variant without fertilizer) had the most variation
(Coef. Var. = 28.09). The introduction of fertilizers
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contributed to the yield increase.

Analyzing the data samples, the theory of correct
distribution was confirmed in almost all cases
(Figure 1). An exception to the above is a sample
of data obtained without fertilization, as evidenced
by a low probability score for the Shapir-Wilka
criterion (p = 0.0035). Therefore, a further research
was conducted using parametric statistics methods.
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Figure 1: Data distribution histograms (to be continued).
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Figure 1: Data distribution histograms (continuation).

After  conducting  multivariate  dispersion
analysis (Factorial ANOVA), the reliable effect
of the environment and fertilizer system
on the formation of grain maize yield was
confirmed (Table 2). The weather conditions
that were different in the study years (Partial
eta-squared = 0.96) had the biggest effect
on the crop yield formation. To a lesser extent,
however, the elements of agritechnology also
significantly  influenced (Partial eta-squared
= 0.91). In addition, there was a reliable link
between the factors (Partial eta-squared = 0.58).
As a result, it is arguable that the negative effect
of environment can be partially minimized
by agritechnology of cultivation.

Selection of optimized fertilizer system as a key
element of crop agritechnology

The highest yield of the analyzed crop was recorded
in 2011 and in 2014 and was 88.4 and 84.8 centners
per hectare, respectively (Figure 2). The worst
crop yield was in 2007 (35.9 c/ha). In other years,
the crop yield varied from 50 to 75 c/ha.

It should be noted that the fertilizer application

contributed to the yield increase. The biggest
effect was after the application of 3 NPK (yield
— 72.8 centners/ha), 4 HN (yield — 68.0 cent/
ha), and 3 HN + NPK (yield — 77.0 centner/ha).
As a consequence, these treatments can be
recommended to farms for the efficient cultivation
of grain maize. At the same time, for a further
research, samples obtained after the application
of 3 NPK fertilizers were used, since this method
is most commonly used in farms. Therefore,
all further calculations were carried out according
to 3 NPK (N ,.P K, .)) fertilizer systems.
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Characterization and determination
of the effect level of the specified weather risks
(heat — temperature; air humidification - relative
humidity; drought - precipitation) on the grain
maize yield in the period of flowering and grain
filling

Analyzing weather conditions (daily mean
temperature, relative  humidity and total
precipitation), it can be stated that they significantly
change over the study years (Figure 3).




Effect SS MS F P Partial eta-squared Non-centrality
Intercept 2004809.68 2004809.68 229036.03 0.00 0.99 229036.03
Year 82005.24 5467.01 624.56 0.00 0.96 9368.54
Fertilizer 30371.14 3374.57 385.52 0.00 0.91 3469.69
Year*Fertilizer 4006.68 29.67 3.39 0.00 0.58 457.73
Error 2801.04 8.75

Source: Authors' own calculations based on the conducted research

Yield, c/ha

Table 2: Univeriate tests of significance and factor effects for grain maize yield.

100
754 T
b 75,9
2002 2006 2010 2014
2004 2008 2012 2016
Year

85 T

Yield, c/ha

No fertilizar (control)

Source: Authors' own calculations based on the conducted research

1Hn + NPK
2Hn + NPK

Fertilizer

3Hn + NP

Figure 2: Effective hypothesis of grain maize yield distribution depending on level and fertilizer system
and the year of sudy

oC

Daily mean temperature,

23,5 76
o | pre
5l L
, 72| " 8
22,0 | 70
21,5 <3
21,0 &5 68
20,5 2 66
20,0 2 64
5 ko)
19,5 é 62
19,0 | =
1551% g 60
18,0 58
17,5 56
2002 2006 2010 2014 2002 2006 2010 2014
2004 2008 2012 2016 2004 2008 2012
Year Year
240
220
200
180
s
£ 160
§ 140
g
g 120
& 100
[
80
60
40
2002 2006 2010 2014
2004 2008 2012 2016
Year

70 70

Source: Authors' own calculations based on the conducted research

2016

Figure 3: Effective hypothesis of environmental parameters distribution depending on the year of research.




The strongest proved correlation dependence
was recorded between yield, total precipitation
(r 0.43) and relative humidity (r 0.60)
(Figure 4). No correlation between daily mean
temperature and crop yield was recorded.

The of

positive  effect total precipitation

increasing is confirmed by the dispersion analysis
(Figure 5). After mathematical generalization
of the corresponding dependence in the form
of the desirability function, it was established that
the least amount of precipitation (60-70 mm) was
critical for the crop yield.
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Figure 4: Correlation between environment factors and crop yield.

Cropyield c¢ha

60-70 90-100 110-120

B0-50 100-110

130-140 160-170
120-130 140-150

210-220
190-200

Precipitation, mm

Precipitation, mm
120,00

Desiratility

44.700
20.000

99.727

72,846

cha

45.964

Crop yield.

10000

Desirahiliy

60-70

Source: Authors' own calculations based on the conducted research

Figure 5: Effect of total precipitation on grain maize crop yield.




The probability of temperature effect on grain maize
crop yield was 70 % (Figure 6). It was recorded
that the optimum temperature for cultivation was
21-22 °C, relatively lower and higher temperatures
in general had a negative effect on crop yield.
Analyzing the desirability function, it is arguable

95

that for the grain maize higher temperatures were
critical (22-23 °C).

The highest and the most stable crop yield was
recorded at the highest relative humidity of 70-75 %

(Figure 7). Critical for it was the lowest relative
humidity — 55-60 %.
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Figure 6: Temperature effect on grain maize crop yield.
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Figure 7: Relative humidity effect on grain maize crop yield.




Results and discussion

Classification characteristics of insurance
products in agricultural business of Ukraine

At this stage, Ukrainian agricultural insurance
market is presented in the context of the classic
and parametric schemes of insurance (Figure 8).
According to the classic scheme, agricultural
risks were insured in the context of multi-risk
and mono risk product offers with their
multiterminal marketing line. Among the classic
insurance products on Ukrainian agricultural
insurance market, multi-risk product offers (both
in the winter and in spring-summer period)
have got the most widespread, providing a full
and packaged insurance protection of crops
in general and field crops, in particular.
Under the parametric (index) scheme, agricultural
risks were insured in the context of weather
and yied index insurance products, dominant among
which are weather index insurance products.

Analyzing the data of Figure 8, it should be noted
that the share of the insured area in the total
crop area under the results of 2017
and under the classical insurance scheme
was 2.5%, while for the parametric — 1.6 %.

The total number of insured crops in Ukraine
in 2017 amounted to 1077 thousand hectares,
of which 420 thousand hectares were insured
using the index scheme of insurance (that is, this
insurance scheme covered almost 40% of the total
area of insured crops in Ukraine). The number
of concluded insurance contracts dominated
according to the classic insurance scheme as well.
At the same time, given the innovative nature

E=A8 The number of concluded contracts

A Insured area, ths/ha

of this insurance scheme in Ukrainian insurance
practice, its achievements in the domestic
agricultural insurance market are quite significant
(its implementation in the framework of pilot
projects took place from 2016).

Considering the question of parametric insurance
in the context of its classification characteristics,
it should be noted that there are many varieties
of index insurance products, while Ukrainian
insurance practice at this stage is limited
to the main two of them: weather and yield.
Weather index insurance products are dominated
among the recent. In addition, it should be noted
that their implementation is still limited in terms
of territorial coverage (these products cover
only a few regions of the country and are currently
distributed to a limited range of crops (wheat
and maize). Thus, at present, parametric insurance
at the Ukrainian agricultural insurance market
functions within the framework of a pilot project,
which gives a significant opportunity for its further
development, due to its numerous advantages.

Advantages and disadvantages of index
insurance products for the agricultural sector
of economy

Insurance on the basis of weather indices is the most
suitable for agricultural production in the Ukrainian
regions, where crop loss due to drought, excessive
overmoisturising and freezing are widespread.
The combination of advantages and disadvantages
of index insurance products for the agricultural
sector of economy is grouped in Figure. 9.
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Figure 8: Ukrainian agricultural insurance market in the context of classical and parametric insurance
schemes (2017).




Advantages of index insurance products
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cases are copried ouf on ihe basiy of independent publicly

|| Significant simplification of assessment and payment process
{there is no need for insurers to visit the field so that fo assess

Availability for medium and small farms |

T

Speed of reimbursement |

Disadvantages of index insurance products |

Absence of an individual approach to each insurance object
ls|  (the individual approach to each farm is lost (field object,

‘Basis’ risk
b (risk probability, but no compensation due fo failure to reach
the index of the sef (fmii)

Poor infrastructure
(Tack of meteorological stations and equipment, distortion of
daia, lack of long-term array of reliable data)

Source: Author’s generalization

Figure 9: Advantages and disadvantages of index insurance products

for the agricultural sector of economy.

Analyzing the Figure 9, it should be noted that
index insurance products for the agricultural
sector of economy have a number of advantages
and disadvantages.

In index insurance there are all the essential
elements of traditional insurance - there is a subject
of insurance, certain risks, as well as the price
and the mechanism of payment calculation.
In traditional (classic) insurance, the amount
of damages as well as the amount of compensation
are determined by agents who can make such

an evaluation differently and, accordingly,
the amount of the loss will also differ. As a result,
objectivity of evaluation is lost and process
is delayed (especially when it comes to mass
losses). While index insurance has a clear
algorithm for determine the damage, which is based
only on certain indicators, such as weather data
and mathematical models.

As a result, it should be noted that index insurance
helps to overcome some disadvantages of classical
insurance.

Weather index insurance products

At the heart of weather index insurance is
the onset of certain weather events, in case
of which the possibility of obtaining an insurance
payment appears. At the same time, the key task
of the developers of such weather indices is
the maximum approximation of two facts:
the reduction of crop yield and those weather
phenomena that are the basis of this index and are
determined and described by certain parameters
(triggers) (Figure 10).

That is, index insurance works depending
on some parameter (trigger) or their combination
(the index can take into account and lay down
several parameters at a time). Thus, insurance based
on weather indices is a real lever of weather effects,
that is, factors that actually reduce the crops yield.

Functioning mechanism aspects of the combined
weather index

It should be also said that the index can take
into account and lay out several parameters together,
so-called triggers. Let us say not only the amount

WEATHER INDEX INSURANCE
i is carried out by weather risks, measured by certain parameters :
Weather risks
—~ = o e o
Drought, Air
Heat, cold waterlogging humidification Hurricane
(extreme high and (full absence of (air saturation
low temperatures) precipitation, insufficient with water)
or excessive amount)
I
: parameter i ! parameter E i parameter i | parameter E
! (trigger) ! (trigger) ] (rigger) | ftrigger) :
" 1V Wind force
Temperature,®C Precipitation, mm Relative ;
P ! humidity, % m's

Source: Author’s development

Figure 10: Insurance coverage peculiarities of agricultural producers on the basis of weather indices.




of precipitation, but also the air temperature,
humidity and at the same time take into account
the effect of these parameters in different phases
of crio vegetation in different ways. For example,
a lack of moisture during the grain filling period
and extreme high temperatures at flowering time
will be more damaging to the future harvest
than in other periods, so the index may provide
for the deviations payment of the parameters in this
period at the maximum size.

Index insurance, as already noted above, refers
to the parametric type of insurance. Index
- a special indicator that characterizes the effect
of a certain risk (set of risks) intensity
on the crop yield in the definite development
phases. In this research, the combined weather
index (Ci) is a special indicator that characterizes
the impact intensity of the weather risks
combination, measured by certain parameters (heat,
cold —temperature; air humidity — relative humidity;
drought — precipitation) on the yield of grain maize
in the definite development phases (flowering
and grain filling) (Fig. 11). Its limit characterizes
an insured event and corresponds to a critical loss
of yield for the farmer, which is determined even
during the development of the insurance product.
The index should accurately show how exactly
a certain risk affects the crop yield.

Some aspects related to the grain maize
cultivation in Ukraine

As this research is based on the indicators of one
of the most important agricultural crops — grain
maize, it is worth dwelling on some aspects related
to its cultivation patterns in Ukraine.

An important component of the whole grain
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industry in Ukraine is the maize grain production.
Maize in Ukraine is grown as a grain, feed
and technical crop. It is characterized by the usage
versatility and quite high yield. Analyzing the corn
production patterns of grain maize in Ukraine,
it should be noted that there is a gradual positive
dynamics towards an increase in the production
of the latter in 2017 compared to 2005 by 3.5 times.
The share of the studied crop in the structure
of grain and legume production is significant
and in the recent years (2014-2017) it reaches
the level of about 40% (in 2013 grain maize
dominated grain and legume structure — its share
almost reached 50 % ) (Nesterchuk et al. (2018).
Its importance and authority in the crop industry
has been analyzed quite rapidly. Since 2005,
the main production parameters of the latter have
increased by much: crop acreages have grown
from 1.711 million hectares (2005) to 4.2 million
hectares (2017), croppage — from 7.2 million tons
(2005 p.) to 25.1 million tons (2017), and in 2013
received a record 30.1 million tons of maize grain.
So far, this industry in Ukraine is under the influence
of the global trend, according to which the area
under corn increases - in 2016 by 2%, in Ukraine
— by 1.4 % for the same period ((Nesterchuk et al.,
(2018).

The share of grain maize, both in the structure
of the crop acreage of agricultural crops
and in the structure of crop acreage of grain
and leguminous crops, significantly increased
over the period under research: in 2017 compared
with 2005 — by 2.5 times, both indicators
respectively.

Thus, the grain maize production for the analyzed
period in domestic practice can be divided
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Figure 11: Peculiarities of the functioning mechanism of the combined weather index (C,).




into periods: the first — (2005-2010) and the second
—  (2011-2017), which are characterized
by the tactics of steady slow and rapid growth.

Interpretation and analysis of study results

Analyzing the obtained data, it should be noted
that among the three identified weather risks,
the degree of their impact on the grain maize yield
was distributed as follows: the greatest effect had
such a parameter as precipitation (the maximum
value of which resulted in obtaining the top
yield); the relative humidity was charactirized
by the average degree of effect ( the maximum
value of the indicator resulted in the top yield);
and the moderate effect made such a parameter
as the daily mean temperature (the optimal value
of which resulted in top yield) (Figure 12).

Critical values of crop yield of the studied crop
were observed for:

- the smallest amount of precipitation
(60-70 mm), which resulted in a reduction
in grain maize crop yield by 1.5 times of its
average value and almost twice as much as
the top size of the latter (Figure 5);

- the lowest relative humidity (55-60%),
which resulted in the reduction in grain
maize crop yield by 1.3 times compared with
its top value (Figure 7);

- higher air temperatures (22-23 °C) which
resulted in 7% reduction in grain maize
crop yield, compared with its average value

(Figure 6).
Relative humidity, %
max min
70-75 % | 55-60% |
83 c/ha max 39 c/ha

The average value of grain maize crop yield
within the framework of this experiment was
73 (72.846) c/ha.

Calculation of combined weather index (C)
and, accordingly, all other key parameters that
characterize it

Thus, in conditions of Cherkasy region, namely,
Uman district, it is expedient to use a combined
weather index reflecting the tandem effect
of determined weather risks, which are described
by certain parameters, on the reduction
of the investigated crop yield.

As an index value, based on the results of this
particular study, it is advisable to take optimal
values of weather risks, which determine
the achievement of an average yield level for a given
crop (73 c/ha). Instead, the limit values of weather
risks determine the achievement of a critical
level of productivity in a given crop and result
in the payment of maximum insurance indemnities.

The description of the intervals determining
the  occurrence of the insured event
and the peculiarities of the insurance payments
gradation from the author's position, in the context
of individual parameters, is presented in Table 3.

The features of the functioning mechanism
of the combined weather index (Ci) according to
the performed calculations are graphically depicted
in Figure 13.

As can be seen from Table 3, the size of the insurance
indemnity depends on the deviation degree

Precipitation, mm

max min

60-T0mm

l

&

max min

81 c/ha 68 c/ha
21-22°C 22-23°C
optimal value critacal

Daily mean temperature,® C

Source: Author’s development

Figure 12: Peculiarities of determined weather risks effect on grain maize crop yield.




. Parameter Index Insured Gradation . The amonfnt .
Weather risks (trigger) Index value ste event of intervals of the insurance indemnity
g8 P (% of the insurance sum)
110-120 10
100-110 20
ipitati 90-100 30
Drought Precipitation, | =, 3 10 | <120-130
mm 80-90 40
60-70 50
<60-70 100
60-65 10
Air Relative 20
humidification | humidity, % 65-72 3 <6572 35-60
<55-60 100
21-22 10
Heat Tempfcrature’ 19-21 1 >19-21 2223 20
>22-23 100
Source: Author’s development
Table 3: Key data according to research results.
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Figure 13: Features of the functioning mechanism of combined weather index (Ci) according to the performed

of the index from the average calculated value (that
is, the value of the index ‘step’).

Based on the obtained results, it is arguable that
in the period of 2002-2017, within the framework
of this research, an insured event with the terms
of payment of maximum insurance indemnity
was made in 2002 and during 2015-2017 which
was due to the achievement of the limit values
of weather risks in the most important periods
of plant vegetation — grain maize.

At the same time, it should be noted that insurance
companies may view this problem in different
ways. So, for the size of the index may be taken
not average but the limit values of weather risks
described by the appropriate triggers which
resulted in the achievement of critical yield level
of this crop. In such circumstances, the farmer
claims to receive the insurance indemnity in whole.

calculations.

Other options may also be considered. However,
these issues are purely technical and should be
agreed at the stage of development of the insurance
product and the conclusion of an insurance contract.

It is worth emphasizing that weather indices can
be calculated for different crops and vegetation
periods, as well as to lay one or more parameters
at a time in their basis. At the same time, it should
be noted that combined weather indices are more
effective.

According to the results of research, it was found
that the combined weather indices have specific
features that are realized by the possibility of several
parameters simultanious arranging. As a result, this,
on the one hand, results in a greater complexity
in their calculation, while at the same time it allows
the effect of weather risks combination to be
mitigated.




Conclusions

The

conducted research allowed to make

the following conclusions and generalizations:

1.

Ukrainian agricultural insurance market
at the modern stage operates in the context
of two key insurance schemes: classical
and parametric, and also uses a sufficient
set of insurance products within each
of them, which according to their qualitative
characteristics meet the international
standards.

A parallel between the key schemes
of agricultural risk insurance, including
classical and parametric, made it possible
to outline the features of each of them:

- the classic insurance scheme is quite
widespread both in the context of world
and national practices in agricultural
risk insurance, while the parametric one
is innovative in the Ukrainian market
of agricultural insurance and is used
at this stage in the framework of pilot
projects, which develops a significant
potential for its further development,
taking into account the numerous
advantages of the latter;

- in the parametric (index) scheme,
agricultural  risks  were  insured
in the context of weather and yield index
insurance products, dominant among
which are weather index insurance
products. Given the innovative nature
of this insurance scheme in Ukrainian
insurance practice, its achievements
in the domestic agricultural insurance
market are significant.

According to the results of the research,
the advantages and disadvantages of index
insurance products are summarized, resulting
in the following: transparency and exclusion
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of subjective approaches in the evaluation
process; significant simplification
of evaluation and payment process;
availability for medium and small
farms; speed of reimbursement. Instead,
the disadvantages are outlined as follows:
the lack of an individual approach to each
insurance object; risk of “basis’; undeveloped
infrastructure.

The application features of parametric
(index) insurance schemes with emphasis
on the use of weather index insurance
products are considered. It is determined that
the parametric (index) insurance schemes
work depending on some parameter (trigger)
or their combination (the index can take
into account and group several parameters
simultaneously). Thus, insurance based
on weather indices is a real leverage
of weather risks, that is, factors that
actually reduce the crops yield. As a result,
the research considers the possibility
and feasibility of applying, together
with simple weather index insurance
products, combined that are able to take
into account and group several parameters
simultaneously and, thus, minimize
the impact of the combination of weather
risks at the regional level.

The authors suggested and, in the framework
of this certain research, worked out
the feasibility and possibility of using
the combined weather index (Ci) — a special
indicator  characterizing  the  effect
of the combination intensity of weather
risks, measured by certain parameters (heat,
cold — temperature; air humidification
— relative humidity; drought
— prelcpitation) on the grain maize yield
in the determining phases of development
(flowering and grain filling).
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