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Abstract: Estimating the impact of hail on agricultural land is needed in order to streamline
damage reduction methods. In this regard, hail risk maps were prepared for the region of
Moldova for the main types of crops (wheat and rye, corn, potato, sugar beet, sunflower,
vegetables, orchards and vineyards). The methodology that we used consists in
determining the risk map, as the product between the hazard map (average annual number
of days with hail), the exposure map (agricultural crop value) and the vulnerability map
(the percentage occupied by a certain agricultural crop in the administrative units). Areas
with severe hail risk are in the eastern half of Vrancea County, the western part of Galati
County and the northeastern part of Iasi County, where there are large areas cultivated
with vines, orchards and vegetables. In Vaslui County, the most exposed ATUs are those in
the vicinity of Barlad, Falciu Hills and the Husi wine area. Most AUs in Bacdu and Suceava
counties, in the southern part of Neamt County, are included in the medium and high-risk
classes due to the suitable conditions for cultivating most plants and the higher frequency
of hail. The ATUs from Botosani County are included in the low and medium risk classes.
The lowest level of risk is registered in the case of AUs from the mountainous area, the
Curvature Subcarpathians and the areas with higher altitudes from the Central Moldavian
Plateau and Tutova Hills.

1. Introduction

Perils associated with severe convective storms, such as large hail, heavy rainfall,
strong wind gusts, or tornadoes, are among the most important perils in several regions
of the world (Virts et al., 2013; Cecil et al., 2014). Of all severe convective storms -
related hazards, hail causes the largest economic damage (Kunz and Geissbuehler,
2017). However, the modelling of severe convective storms risk is still in its infancy
(Allen et al., 2016; Martius et al., 2018). The effects of hailfalls usually interest limited
areas, the damages can be severe (Baldi et al., 2014), especially to agriculture (Lemons
etal., 1942; Gall et al., 2011; Changnon et al., 1978; Changnon et al., 2009). Therefore,
assessing the risk of hail disaster is crucial in promoting sustainable agriculture.

Although some scholars further explored the spatiotemporal characteristics of hail
disasters, there are few studies concerned with specific hail-affected bodies (Vinet et al.,
2001; Changnon et al., 2008; Webb et al., 2009; Sioutas et al., 2009; Machidon 2006;
Wang et al., 2016). However, the results of these studies can only reflect the regional
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differentiation of hail disasters, and cannot reveal the differences between specific hail-
affected bodies, because these studies take a region itself as the research object.

Romania is one of the countries subject to the most severe hailstorms (Maier et al.,
2010; Apostol, Machidon, 2011; Burcea et al., 2017; Istrate et al., 2017), and is also
the one of the largest grapes, cereals and fruits-producing country in the Europe
(https://ec.europa.eu/). Unfortunately, hail disasters occur frequently in most of
Romania’s major grapes and fruits- producing areas (Machidon 2006; Istrate et al.,
2019a). The hail occurrence periods almost coincide with the growth periods of plats,
thus causing very severe losses. Although the hail phenomenon is not the weather or
climate risk that most affects crops, it can sometimes cause significant damage (Istrate
et al., 2019a).

Therefore, the main goal of this study is to propose an analytical procedure that
helps assess the risk of hail affecting crop areas from Moldova region, using the hail data
in the GIS environment. Due to its geographical position within the European continent
(fig. 1), the studied region is sheltered in the western part by the Carpathian chain,
which induces a series of climatic peculiarities. The Carpathians represents an extremely
important natural border in the climatic variety specific to the region. The Eastern
Carpathians contribute to the foehnization process of the Atlantic air masses and to
creating a transitional climate between Central Europe and Eastern Europe (Apostol,
Sfica, 2013). Maximum temperatures have increased in the last half century in the
extracarpathian area (Croitoru et al., 2012), a phenomenon that increases
evapotranspiration and intensifies thermal convections.
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Figure 1. Geographical location, morphometry, and relief units of study area
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The damages in the urban, industrial and transport environment can be much higher
than in the agricultural areas, but they have not yet been, in our country, still subjected
to a complex analysis. This type of analysis is not present here either, because we did
not have access to the statistics of insurance companies, which can give an image, at
least general, of the phenomenon.

In the present study, the risk calculation methodology was applied at the level of
the administrative unit (AU). For each AU a hail risk estimation was made for most types
of crops grown on large plots in the study area. These types of crops are: wheat and
rye, corn, sunflower, sugar beet, potato, vegetables, vines and fruit trees.

An estimation of hail risk (and implicitly of the damages produced by it) using kinetic
energy measured meteorological radars was done in some case studies for southern
Romania (Cica et al., 2015) or northern Moldavia (Istrate et al., 2019b).

In the following sections, we will first describe the methodological framework. Then,
the proposed method will be applied to assess the hail risk for main types of crops
regarding the spatial pattern and evaluation.

2. Materials and Methods

The risk assessment methodology is based on the definition of risk provided (Dilley
et al., 2005) and the Intergovernmental Panel on Climate (Oppenheimer, M. et al.2014;
Reisinger, A. et al., 2020) also used in the SEERISK project (Bojariu et al., 2014; Bojariu
et al., 2015). These authors agree that risk results from the interaction of vulnerability,
exposure, and hazard. Exposure is an important property of crops, compared with other
hail-affected bodies, such as cars and buildings. For every agricultural crop, its exposure
covers the spatial distribution of planting and temporal distribution of growth. Hence,
the hail disaster risk (R) is a function of the hail hazard (H), spatial exposure (E) and
vulnerability (V) of cotton, as Equation:

R=f(HEV)

There are generally two methods for assessment on hail hazard (H). One is to assess
H according to hail diameters, hailfall duration and, accordingly, wind speed (Sioutas et
al., 2009). But the above hail parameters are very difficult to get. For the region of
Moldova there are recent studies that address the size of hail but these are limited to
case studies (Axinte, 2019; Ilie et al., 2020). The other method calculates H using the
frequency of hail days (McMaster et al., 2001; Leigh et al., 2001). In some studies, were
directly applied as the index for assessment on H the total hail days (Berz et al., 2001)
or average annual hail days (McMaster et al., 2001). In this paper, we used average
annual hail days as the index for assessment on H. The average number of days with
hail is the parameter that highlights the qualitative aspect of the phenomenon. Knowing
the number of days with hail has a great practical importance because it gives an
indication of the possibility of production of this phenomenon and therefore, the
possibility of damage occurrence in some days of the year. The monthly and annual
average number of days with hail is expressed by a ratio between the monthly or annual
number of days with hail and the number of years of that period (Apostol, Machidon,
2011; Machidon, Apostol, 2011).

A residual kriging algorithm was used to interpolate the irregularly spaced station
data. This method is a stochastic one that allows the estimation of errors (Patriche,
2009) and is better adapted to identify local variability as opposed to other methods
(Farnell et al., 2018). The data regarding the hail frequency come from the
meteorological and the pluviometric stations of the National Meteorological
Administration. Data from 39 weather stations and 76 rain stations were used for the
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period 1967-1998. The use of the residual Kriging method gives this distribution a strong
correlation with altitude. The decrease of values takes place from 3 days/year with hail
on the highest peaks of the Moldavian Subcarpathians and the Curvature
Subcarpathians, to less than 0.6 days / year with hail in the south of the Moldavian Plain,
the Barlad valley and most of the Prut valley. These values correspond to those
registered in the Republic of Moldova where in the whole Prut meadow there are on
average between 0.3 and 0.6 days / year and in the hilly central area over 1.5 days /
year (Daradur et al., 2016).

Exposure (E) refers to crop being exposed to the effects of hail. Administrative units
exposed to risk were considered those in which there are cultivated areas. The areas
occupied with wheat and rye, maize, sunflower, potato, beet and vegetables for each
LAU (Local Administrative Unit) were taken from official INSSE reports (INNSE). For the
areas occupied with vines and fruit plantations, Corine land cover 2018 adapted for
Romania (Ursu et al., 2006), was used as a source (https://land.copernicus.eu/pan-
european/corine-land-cover).

25"({'0"E 26°(i'0"E 27°2'0"E 28"01'0"E

48°0'0"N
1

Botosani
L ]

Suceava
[ ]

Pascani
[ ]

47°0'0"'N
1

Vaslui
®

Average number of
hail days per year

<0.6
0.9-1.1
1.2-1.8

19-25

B 2635

36-45

Bl 26-55
>5.6

46°0'0"'N
1

Focsani
[ ]

Galati
[ ]

0 125 25 50 km

L} Ll T )
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From this database were available the production quantities of wheat and rye, corn,
sunflower, sugar beet, potato, vegetables, grapes and fruits in tons per year, at AU level,
from 1990-2003. An average production was achieved during this period, and the
economic value was estimated by using the base price per kg from 2020. In the case of
vegetables and fruits, an average price obtained from the prices of the main vegetables
and fruits grown in the agricultural areas in the studied area was used. The economic
value of the average annual production was assimilated with the degree of exposure of
each AU to the meteo-climatic hazard of hail. The impact map resulted from the product
between hazard and exposure.

V is usually calculated using data of loss. However, because of data limitation we
used another methodology (Wang et al., 2016). It was expressed as the area ratio of
every agricultural crop type-planting areas in a LAU, and the greater the value is, the
higher the LAU's possibility to loss of crop subject to hail hazard will be, and vice versa.
Finally, the risk maps have been defined as a multiply of the impact and vulnerability
maps (Figure 3).
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Figure 3. Theoretical and applied methodology for obtaining the risk map

3. Results and discussions

The risk assessment for wheat and rye crops according to the methodology described
in the previous subchapter indicates two areas where the sensitivity is highest. The first
one is represented by the southwestern region of the studied area and the communes
from Falciu Hills and Prut meadow, south of Husi, where the level of risk is generally
medium and high. The second area overlaps over the depression and hilly area between
the Moldova valley to the north, the Bistrita valley to the south and the Siret Corridor to
the west. Apart from these areas, there are also communes in the Suceava Plateau and
the Moldavian Plain where the level of risk is medium or high. The administrative units
from the higher areas of the Central Moldavian Plateau and the Barlad Plateau are
characterized by a low and very low level of risk. In the AUs from the Subcarpathian
area, except for the hilly depressions from Neamt County, there are no areas cultivated
with wheat and rye, the level of risk being zero. In the case of assessing the hail risk
level of wheat, one of the limitations is the lack of hazard values in its vegetation period.
As its cultivation takes place until the end of June, only hail in the first half of the warm
semester can cause damage.

Corn being a cereal that has adapted better to different environmental conditions,
its cultivation is carried out in all AUs in the studied area. Maize can also be affected by
hail in all phenophases (Dwyer et al., 1994), but especially in the early stages (Olivier
and Van Rensburg, 1992). The weather conditions following a hail phenomenon are very
important for a possible natural recovery of the plants, especially if they have been
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physically damaged. For the maize crop, the AUs in which the level of risk is the highest
are those in the Siret Corridor, the Tazlau-Casin Depression, the Tutova Hills and the
Tecuci Plain. Medium or high risk is also registered in most communes in the Moldavian
Plain (Figure 4).

The level of risk for sunflower is high for most AUs in Galati County, the southern
half of Vaslui County and those in the south of Vrancea County. In the Moldavian Plain,
the level of risk is generally low. The western half of the studied area, with some
exceptions, and the high areas of the Central Moldavian Plateau and the Barlad Plateau
are without risk of hailstorms, because no areas cultivated with sunflower were
registered.

The risk maps for sugar beet and potato faithfully follow the patterns imposed by
the areas where their cultivation is carried out intensively. The two types of crops require
a larger amount of water to have a good production. This is the main reason why their
cultivation is carried out especially in the northwestern area, the richest in precipitation,
of the studied area. In the case of sugar beet, most of the studied area is in the very
low risk class. Medium and high risk AUs are in the Suceava Plateau, the Neamt
Depression, the Cracau-Bistrita Depression and the Siret Corridor between Bacau and
Pascani (Figure 5).

For the potato crop in most AUs from Suceava and Neamt counties, the risk level is
very high. The AUs from Bacau and Botosani counties and those from the south and west
of Iasi County are low or medium risk. The rest of the territory, with some exceptions,
falls into the very low risk class.

The hail risk map for vegetables clearly indicates the vegetable areas of Moldova as
the most exposed (Figure 6). The first area, with the most AUs included in the high-risk
class is Matca-Ghidigeni from Galati County. This area with very high vegetable
production extends north to the localities in the Barlad valley until its confluence with
Vaslui. The AUs from the south and east of Vrancea County are also included in the high-
risk class. Other areas with medium and high risk are located in the west and northwest
of Iasi County (Targu Frumos-Pascani area), the Cracdu-Bistrita Depression and the Siret
Corridor between Roman and Bacau. Most AUs in Botosani County are in the medium
risk class with significant vegetable production.

Hail risk maps for vineyards and fruit trees highlight very well the vineyards and
orchards in the study area (Figure 7). In the case of vines, the highest level of risk is
assigned to the ATUs in the wine area of Vrancea (Panciu-Tifesti-Odobesti-Cotesti),
Galati (Nicoresti-Ivesti and Dealul Bujorului), Vaslui (Husi Vineyards and Dealul Falciului)
and Iasi (Iasi-Raducaneni area and Cotnari Vineyard). Near large vineyards, there are
also ATUs with low or very low risk level. The sub-Carpathian area, the north and the
central-western part of the studied are not exposed to the hail risk.

For fruit tree plantations, the areas with high and medium risk are larger than in the
case of vineyards and are scattered over the entire surface of the studied area. The AUs
from Dealul Mare-Harlau and the Falticeni Plateau can be noticed for the northern part
and from most of the central region (Corni-Runcu Peak, the Central Moldavian Plateau
and the Barlad Plateau). In the southern part, a higher degree of risk is maintained
throughout the AUs with vineyards in Vrancea and Galati, on the Galati Municipality and
neighboring communes.
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By summing the value of the risk for each crop, a risk map for the agricultural areas
of the studied zone was obtained (Figure 8). Although it does not contain information on
the degree of exposure and vulnerability of all types of crops, it shows a spatialization
of the level of risk for the main agricultural crops. Some areas suitable for several types
of crops stand out, such as the eastern half of Vrancea County and the western half of
Galati County, where there are large areas cultivated with vines, orchards, vegetables
and large field crops. In Vaslui County, the most exposed AUs are those near Barlad,
Falciului Hills and the Husi wine area.
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Figure 8. Hail risk for the main types of agricultural crops

AUs from Bacau County are mostly included in the medium and high-risk classes, a
situation specific to those in the southern half of Neamt County. The soil and
geographical conditions in these areas are favorable for the analyzed types of crops, and
the risk level is also influenced by the higher frequency of hail (over 2 days / year in
subcarpathian areas). For Suceava County the situation is similar, the high level of risk
being influenced by the high degree of exposure of crops such as sugar beet, potato or
wheat and the average annual number of days with hail higher. AUs in the Moldavian
Plain are classified as low and medium risk classes. There are also wine and fruit areas
in Iasi County (Iasi-Raducaneni, Sarca, Cotnari) where the level of risk is high. The areas
with the lowest level of risk are represented by AUs located in the mountain area, the
Curvature Subcarpathians and the areas with higher altitude from the Central Moldavian
Plateau and Tutova Hills. The mountainous region due to the fact that, despite the very
high number of days with hail recorded here (Climate of Romania, 2008; Burcea et al.,
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2016), the characteristics of land use determine a very low vulnerability of this region
to hailfall, the area being covered mostly by forests (Popovici et al., 2013; Rusu et al.,
2020).

5. Conclusions

In order to assess the degree of risk, it was necessary to know the spatial distribution
of the phenomenon, as well as the specifics of agriculture in the studied area.

The areas with high risk for wheat and rye crops are in the southwest of the studied
region, the communes from Dealurile Falciului and the hilly and depression area between
Moldovei valley to the north, Bistrita valley to the south and Culoarul Siretului to the
west. For the maize crop, the areas where the level of risk is highest are those in the
Siret Corridor, Tazlau-Casin Depression, Tutova Hills and the Tecuci Plain. In the case of
sugar beet, the regions with medium and high-risk level are in the Suceava Plateau, the
Neamt Depression, the Cracau-Bistrita Depression and the Siret Corridor between Bacau
and Pascani. For potato cultivation, in most areas of Suceava and Neamt counties the
level of risk is very high. The first area with the most administrative units included in the
high-risk class for vegetables is Matca-Ghidigeni from Galati county and those from the
south and east of Vrancea county. Other areas with medium and high risk are located in
the west and northwest of Iasi County (Targu Frumos-Pascani area), the Cracau-Bistrita
Depression and the Siret Corridor between Roman and Bacau. In the case of vines, the
highest risk level is characteristic of the wine-growing areas of Vrancea (Panciu-Tifesti-
Odobesti-Cotesti), Galati (Nicoresti-Ivesti and Dealul Bujorului), Vaslui (Husi Vineyards
and Dealul Falciului) and Iasi (Iasi area -Raducadneni and Cotnari Vineyard). For fruit tree
plantations, the areas with high and medium risk are larger than in the case of vineyards
and scattered over the entire studied area. Areas from Dealul Mare-Harldau and the
Falticeni Plateau can be noticed for the northern part and from most of the central region
(Corni-Runcu Peak, the Moldavian Central Plateau and the Barlad Plateau). In the
southern part, a higher degree of risk is also maintained in the administrative units with
the vineyards of Vrancea and Galati, on the administrative territory of Galati Municipality
and of the neighboring communes.

Finally, we note that greater synergy is needed to link the progress made by the
scientific community and the operational hail control units to the insurance industry. Hail
can have a remarkable impact in terms of economic losses and yet the research carried
out has not always been focused at answering the fundamental questions needed for
concrete actions by decision-makers. The research carried out so far has not always
been aimed at answering the fundamental questions needed for concrete action by
decision-makers.

References

1. Allen, ]. T.; Giammanco, I. M.; Kumjian, M. R.; Punge, H.J.; Zhang, Q. K. Understanding hail
in the earth system, Rev. Geophys. 2020, 58, e2019RG000665,
https://doi.org/10.1029/2019RG000665

2. Apostol, L.; Machidon, O.M. Considerations on the hail regime in Moldavia between the Siret
and Prut rivers, Air and Water - Components of the Environment 2011, pp. 45-52.

3. Apostol, L.; Sfica, L. Thermal differentiations induced by the Carpathian Mountains on the
Romanian territory, Carpathian Journal of Earth and Environmental Sciences 2013, 8, 2, pp.
215-221.

4. Axinte A. D. The hail falls at the Moldavia level and the importance of the Hail Suppression Unit
~Moldova 1” Iasi, Present Environment and Sustainable Development, 2019, 13(2), pp. 129-
140, DOI:10.15551/pesd2019132009



https://doi.org/10.1029/2019RG000665

PESD 2021, 15, 2 65

5. Baldi, M.; Ciardini, V.; Dalu, J.D.; Filippis, T.D.; Maracchi, G.; Dalu, G. Hail occurrence in Italy:
Towards a national database and climatology. Atmos. Res. 2014, 138, pp. 268-277,
https://doi.org/10.1016/j.atmosres.2013.11.012

6. Berz, G.; Kron, W.; Loster, T.; Rauch, E.; Schimetschek, J.; Schmieder, J.; Siebert, A.; Smolka,
A.; Wirtz, A. World map of natural hazards—A global view of the distribution, intensity of
significant exposures. Nat. Hazards 2001, 23, pp. 443-465,
https://doi.org/10.1023/A:1011193724026

7. Bojariu, R.; Birsan, M.V.; Cica, R.; Velea, L.; Burcea, S.; Dumitrescu, A.; Dascalu, S.I.;
Gothard, M.; Dobrinescu, A.; Carbunaru, F.; Marin, L. Schimbarile climatice - de la bazele
fizice la riscuri si adaptare. Editura Printech, Bucuresti, 2015, Romania, 204 p.

8. Bojariu, R.; Papathoma-Kohle, M.; Wendlova, V.; Cica, R.D. Changing risks in changing
climate—SEERISK. Report, 2014, DOI: https://doi.org/10.13140/RG.2.1.3710.9287

9. Burcea, S.; Cica, R.; and Bojariu R. Hail Climatology and Trends in Romania: 1961-2014. Mon.
Wea. Rev. 2016, 144, pp. 4289-4299, https://doi.org/10.1175/MWR-D-16-0126.1

10. Cecil, D. J1.; Buechler, D. E.; and Blakeslee, R. J. Gridded lightning climatology from TRMM-
LIS and OTD: Dataset description, Atmos. Res. 2014, 135, pp. 404-414,
https://doi.org/10.1016/j.atmosres.2012.06.028

11. Changnon, S. A. Temporal, spatial distributions of damaging hail in the continental United
States. Phys. Geogr. 2008, 29, pp. 341-350, doi: https://doi.org/10.2747/0272-
3646.29.4.341

12. Changnon, S.A. Increasing major hail losses in the U.S. Clim. Chang. 2009, 96, pp. 161-166,
https://doi.org/10.1007/s10584-009-9597-z

13. Changnon, S.A., Jr.; Farhar, B.C.; Swanson, E.R. Hail Suppression and Society: Assessment
of future hail suppression technology reveals its development should be sizable or ignored.
Science 1978, 200, pp. 387-394, https://www.jstor.org/stable/1746441

14. Cica, R.; Burcea, S.; Bojariu, R. Assessment of severe hailstorms and hail risk using weather
radar data, Met. Apps. 2015, 22, pp. 746-753. https://doi.org/10.1002/met.1512

15. CORINE Land Cover, Copernicus programme. Available online:
https://land.copernicus.eu/pan-european/corine-land-cover (accessed on 14 april 2020).

16. Croitoru, A.E.; Piticar, A. Changes in daily extreme temperatures in the extra-Carpathians
regions of Romania, International Journal of Climatology 2012, 33 (8), pp. 1987-2001,
https://doi.org/10.1002/joc.3567

17. Daradur M., Leah T., Pandey R. P., Cazac V., (2016a), Variability and Risk Assessment of
Hail in the Republic of Moldova, Present Environment and Sustainable Environment, 10 (2),
pp. 141-152, DOI:10.1515/pesd-2016-0032/

18. Dilley, M.; Chen, R.S.; Deichmann, U.; Lerner-Lam, A.L.; Arnold, M.; Agwe, J.; Buys, P.;
Kjekstad, O.;Lyon, B.; Yetman, G. Natural Disaster Hotspots: A Global Risk Analysis;
Disaster Risk Management Series No. 5; The World Bank: Washington, DC, USA, 2005.

19. Dwyer, L.M.; Stewart, D.W.; Evenson, L.; and Ma, B.L. Maize Growth and Yield Following Late
Summer Hail. Crop Science 1994, 34, pPp. 1400-1403,
https://doi.org/10.2135/cropsci1994.0011183X003400050047x

20. Farnell, C., Rigo, T.; Martin-Vide, J. Application of cokriging techniques for the estimation of
hail size, Theor. Appl. Climatol. 2018, 131, pp. 133-151, https://doi.org/10.1007/s00704-
016-1937-0

21. Gall, M.; Borden, K.A.; Emrich, C.T.; Cutter, S.L. The unsustainable trend of natural hazard
losses in the United States. Sustainability 2011, 3, pp. 2157-2181,
https://doi.org/10.3390/su3112157

22. llie N.; Apostol L.; Axinte A.D. The way to determine the approximately hail's dimensions,
Present Environment and Sustainable Development, 2020, 14(1), pp. 209 - 219,
DOI:10.15551/pesd2020141002

23. Istrate, V.; Axinte, A.D.; Florea, D.; Barcacianu, F.; Apostol, L. Characteristics and impacts
of the severe hailstorms on 18 June 2016 in northern Moldavia, Romania, SGEM 2019
Conference Proceedings, 19, 4.1, pp 899-906, doi:
https://doi.org/10.5593/sgem2019/4.1/519.114



https://doi.org/10.1016/j.atmosres.2013.11.012
https://doi.org/10.1023/A:1011193724026
https://doi.org/10.13140/RG.2.1.3710.9287
https://doi.org/10.1175/MWR-D-16-0126.1
https://doi.org/10.1016/j.atmosres.2012.06.028
https://doi.org/10.2747/0272-3646.29.4.341
https://doi.org/10.2747/0272-3646.29.4.341
https://doi.org/10.1007/s10584-009-9597-z
https://www.jstor.org/stable/1746441
https://doi.org/10.1002/met.1512
https://doi.org/10.1002/joc.3567
https://doi.org/10.1515/pesd-2016-0032/
https://doi.org/10.2135/cropsci1994.0011183X003400050047x
https://doi.org/10.1007/s00704-016-1937-0
https://doi.org/10.1007/s00704-016-1937-0
https://doi.org/10.3390/su3112157
https://doi.org/10.5593/sgem2019/4.1/S19.114

PESD 2021, 15, 2 66

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Istrate, V.; Dobri, R.V.; Barcacianu, F.; Ciobanu, R.A. and Apostol, L. A ten years hail
climatology based on ESWD hail reports in Romania, 2007-2016. Geographia Technica,
2017, 12, 2, pp. 110-118, DOI: https://doi.org/10.21163/GT 2017.122.10

Istrate, V.; Ursu, A.; Dobri, R.V.; Axinte, A.D.; Stoica, D. Hail suppression system in Romania
and its relation with land cover. SGEM 2019 Conference Proceedings, 19, 871-878. doi:
https://doi.org/10.5593/sgem2019/2.2/511.107

Kunz, M. and Geissbuehler, P. Severe convective storm, in: Natural Catastrophe Risk
Management and Modelling: A Practitioner’'s Guide, Ed Mitchell-Wallace, K., Jones, M.,
Hillier, J., and Foote, M.; John Wiley & Sons Ltd., Chicherster, UK, 2017, pp. 209-2018.

Leigh, R.; Kuhnel, I. Hailstorm Loss Modelling and Risk Assessment in the Sydney Region,
Australia. Nat. Hazards 2001, 24, pp. 171-185, https://doi.org/10.1023/A:1011855801345

Lemons, H. Hail in American Agriculture. Econ. Geogr. 1942, 18, pp. 363-378.

Machidon, O. The necessity and opportunity of the protection from hailstorms in the
departments of Vrancea and Galati, Seminarul Geografic “Dimitrie Cantemir” 2006, 7, pp
117-129.

Machidon O. M.; and Apostol L. The hail phenomenon in the Barlad Drainage Basin -some
aspects regarding genesis and diurnal frequency, Present Environment and Sustainable
Development, 2011, 5, pp. 209 - 219.

Maier, N.; Lacatus, D.; and Rus, T. Hail in the area covered distribution of WSR-98D radar
from Bobohalma. Air and Water - Components of the Environment 2010, 2, pp. 404-411.
Martius, O.; Hering, A.; Kunz, M.; Manzato, A.; Mohr, S.; Nisi, L.; and Trefald, S. Challenges
and recent advances in hail research, B. Am. Meteorol. Soc. 2018, 99, pp. ES51-ES54,

https://doi.org/10.1175/BAMS-D-17-0207.1

Mcmaster, H. Hailstorm risk assessment in rural New SouthWales. Nat. Hazards 2001, 24,
pp. 87-196, https://doi.org/10.1023/A:1011820206279

National Meteorological Administration, 2008: Climate of Romania (Clima Romaniei) Editura
Academiei Bucuresti, pp. 365, (In Romanian).

Olivier, J.; Van Rensburg, P.A.J. The impact of hail on Transvaal maize production. Agrekon
1992, 31(2), pp- 62-74, https://doi.org/10.1080/03031853.1992.9524271

Oppenheimer, M.; Campos, M.; Warren, R.; Birkmann, J.; Luber, G.; O’Neill, B.; and
Takahashi, K. Emergent risks and key vulnerabilities. In: Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working
Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change
[Field, C.B.; Barros, V.R.; Dokken, D.J.; Mach, K.].; Mastrandrea, M.D.; Bilir, T.E.;
Chatterjee, M.; Ebi, K.L.; Estrada, Y.O.; Genova, R.C.; Girma, B.; Kissel, E.S.; Levy, A.N.;
MacCracken, S.; Mastrandrea, P.R.; and White L.L. (eds.)]. Cambridge University Press,
Cambridge, 2014, United Kingdom and New York, NY, USA, pp. 1039-1099.

Patriche, C.V. Metode statistice aplicate in climatologie, Ed. Terra Nostra, Iasi, Romania,
2009, p. 170.

Popovici, E.A.; Balteanu, D.; and G. Kucsicsa, Assessment of changes in land-use and land-
cover pattern in Romania using Corine land cover database. Carpath. J. Earth Environ.,
2013, Sci. 8, 195-208.

Reisinger, A.; Howden, M.; Vera, C.; et al. The Concept of Risk in the IPCC Sixth Assessment
Report: A Summary of Cross-Working Group Discussions. Intergovernmental Panel on
Climate Change, 2020, Geneva, Switzerland, pp.15

Rusu, A.; Ursu, A.; Stoleriu, C.C.; Groza, O.; Niacsu, L.; Sfica, L.; Minea, I.; and O.M.
Stoleriu; Structural Changes in the Romanian Economy Reflected through Corine Land Cover
Datasets. Remote Sens., 2020, 12(8), 1323, https://doi.org/10.3390/rs12081323

Sioutas, M.; Meaden, T.; Webb, J.D.C. Hail frequency, distribution, intensity in Northern
Greece. Atmos. Res. 2009, 93, pp. 526-533,
https://doi.org/10.1016/j.atmosres.2008.09.023

Ursu A.; Stoleriu C.; Sfica L.; Rosca B., Adaptarea nomenclaturii Corine Land Cover la
specificul utilizarii terenului in Romania, Geographia Technica, 2006, 1, 1, pp. 193-198.

Vinet, F. Climatology of hail in France. Atmos. Res. 2001, 56, pp. 309-323,
https://doi.org/10.1016/S0169-8095(00)00082-X



https://doi.org/10.21163/GT_2017.122.10
https://doi.org/10.5593/sgem2019/2.2/S11.107
https://doi.org/10.1023/A:1011855801345
https://doi.org/10.1175/BAMS-D-17-0207.1
https://doi.org/10.1023/A:1011820206279
https://doi.org/10.1080/03031853.1992.9524271
https://doi.org/10.3390/rs12081323
https://doi.org/10.1016/j.atmosres.2008.09.023
https://doi.org/10.1016/S0169-8095(00)00082-X

PESD 2021, 15, 2 67

44, Virts, K. S.; Wallace, J. M.; Hutchins, M. L.; and Holzworth, R. H. Highlights of a new ground-

45,

46.

47.

48.

based, hourly global lightning climatology, B. Am. Meteorol. Soc. 2013, 94, pp. 1381-1391,
https://doi.org/10.1175/BAMS-D-12-00082.1

Wang, L.; Hu, G.F.; Yue, Y.]J.; Ye, X.Y., Li, M.; Zhao, ].T., Wan, J.H. GIS-based risk
assessment of cotton hail disaster and its spatiotemporal evolution in China. Sustainability.
2016, 8(3), 218, https://doi.org/10.3390/su8030218

Webb, 1.D.C.; Elsoma, D.M.; Meadena, G.T. Severe hailstorms in Britain and Ireland, a
climatological survey and hazard assessment. Atmos. Res. 2009, 93, pp. 587-606,
https://doi.org/10.1016/j.atmosres.2008.10.034

http://statistici.insse.ro:8077/tempo-online/ for agricultural production statistics in Romania

(accessed on 16 May 2020).
https://ec.europa.eu/ for agricultural production statistics in Europe (accessed on 19 July

2020).

© 2021 by the authors. Licensee UAIC, Iasi, Romania. This article is an open access
®@® article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY-NC-ND) license (https://creativecommons.org/licenses/by-nc-

nd/4.0).


https://doi.org/10.1175/BAMS-D-12-00082.1
https://doi.org/10.3390/su8030218
https://doi.org/10.1016/j.atmosres.2008.10.034
http://statistici.insse.ro:8077/tempo-online/
https://ec.europa.eu/

