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INTRODUCTION

Heavy precipitation in Bulgaria is subject to increased research over the last
decade in relation to climate change. Global and regional climate models in most of
the cases project an increase of these phenomena over the territory of Bulgaria. Re-
cent studies (Bocheva etal. 2007, Bocheva ectal,2008a, Bocheva etal.,
2008b,Bocheva etal.,2009,Nojarov,2013a,2013b;Simeonov etal.,
2009) have confirmed the increase of heavy precipitation events in Bulgaria. This has
been particularly evident in the period 1991-2005 when compared to the base period
1961-1990. It is valid for both heavy precipitation over 30 mm/day and for heavy
precipitation over 100 mm/day. Also there is an increase of cases of thunderstorms
and hail in the warm half of the year from April to September. These studies usu-
ally cover the entire Bulgaria or a large part of it, and hence the spatial resolution is
relatively coarse. Also, there are almost no studies of heavy snowfalls and blizzards,
which are connected with both precipitation and average wind speed. The aim of
the article is to reveal spatial and, partially, temporal characteristics of precipitation-
related hazards in Vidin-Nikopol sector of the Danube floodplain. Several tasks were
completed in order to achieve this aim. Annual course of studied meteorological haz-
ards was revealed. Trends in heavy precipitation events were calculated. Maps of
the spatial distribution of meteorological hazards for both the current period and the
older period were drawn.

DATA AND METHOD

The borders of the studied area are defined by the borders of the Danube mu-
nicipalities from Vidin to Nikopol. Data from 7 meteorological stations, 5 of which
are located along the Danube — Novo selo, Vidin, Lom, Oryahovo, Svishtov and 2 in
the southern part of the valley — Vratsa and Pleven were used in this research. Only
several meteorological hazards in Vidin-Nikopol Danube floodplain sector were inves-
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tigated in this article. They were defined as follows. Heavy precipitation over 30 mm/
day is dangerous for agriculture. This type of precipitation causes intense erosion. A
few consecutive rainfalls may also lead to floods. Heavy precipitation over 50 mm/day
is dangerous for transport, agriculture and in most cases cause floods. Blizzards occur
at average wind speed exceeding 10 m/s and snowfall over 15 mm. They are dangerous
for the transport system. Heavy snowfall is defined when new snow cover of at least
20 cm is formed. It is also dangerous for the transport system. The period of study is
from October 2001 to December 2012 and aims to describe the current status in terms
of meteorological hazards. Heavy precipitation was investigated also in the period from
1953 to 1965 in order to determine whether there are any trends in its frequency. Only
at station Pleven this period spans from 1953 to 1979. Cases of certain event have been
counted using synoptic data, which are collected every 3 hours. Thus average frequen-
cies of a given phenomenon were obtained on a monthly or annual basis. The study
employs statistical methods such as trend analysis. Also mapping method was used for
the analysis of the spatial distribution of meteorological hazards.

Hazard classes have been determined on the base of the results for the average
frequencies of studied meteorological hazards. Hazard classes are as follows:

1 class (very low): 0-0.19 cases/month

2 class (low): 0.2—0.39 cases/month

3 class (medium): 0.4—0.59 cases/month

4 class (high): 0.6-0.79 cases/month

5 class (very high): >0.8 cases/month

RESULTS AND DISCUSSION

HEAVY PRECIPITATION OVER 30 MM/DAY

Figure 1 shows the annual course of the number of cases of precipitation
over 30 mm/day for the current period at the seven studied meteorological sta-
tions. It could be seen that the number of cases increase in the period from May
to October, which is due to the nature of precipitation during the warm half of
the year, which originate from convective clouds or along fast moving cold front.
In such cases, the intensity of precipitation is big, which results in large amounts
in short periods of time. Also, it could be seen that higher number of cases of
this hazard throughout the entire year is observed at the two stations located in
the southern part of the valley — Vratsa and Pleven. This is due to their position,
which is closer to the mountains (especially Vratsa) that have orographic influ-
ence on precipitation strengthening both frontal precipitation and convective pre-
cipitation. The figure shows that even in winter there is precipitation that is above
the accepted limit. But, generally, the most serious hazard of heavy precipitation
is during the warm half of the year.

Trends in the number of cases of heavy precipitation over 30 mm/day for the
period 1953-2012 are shown in Fig. 2. It could be seen that, at nearly all stations,
the frequency of this hazard has increased in recent years. The only exception, hav-
ing negative trend, is station Svishtov. Obviously, the picture is different moving
in eastern direction. But, given the extent of the area, it could be concluded that
cases with heavy precipitation will increase against the background of higher air
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Fig. 1. Annual course of cases of heavy precipitation over 30 mm/day for the period
10.2001-12.2012

temperatures and lower annual precipitation. This will require adaptation measures
and additional protection of the population and infrastructure against possible future
floodings.

Spatial distribution of the number of cases of precipitation over 30 mm/day for
the current period is shown in Fig. 3. It could be seen that the number of cases of
this hazard increases in southern direction. The lowest number of cases is observed

Fig. 2. Trends in cases of heavy precipitation over 30 mm/day for the period 1953-2012
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Fig. 3. Spatial distribution of cases of heavy precipitation over 30 mm/day for the period
10.2001-12.2012

at stations Novo selo, Vidin and Svishtov, and the highest — at Vratsa. The causes for
such a spatial distribution were explained in the comments on Fig. 1. Average annual
number of cases with this hazard is from 2 to over 3 in the Danube municipalities.
Spatial distribution of the number of cases of heavy precipitation over 30 mm/
day for the period 1953—1965 is shown in Fig. 4. It could be seen that the lowest fre-
quency of this phenomenon has been observed in the region Oryahovo—Pleven — less
than 1.6 cases per year. The greatest was the frequency in the region of Vratsa — more
than 2.4 cases per year. This spatial distribution reveals some peculiarities. In the
western half of the studied area the number of cases of this phenomenon increases
from north to south, while in the eastern half this number increases from west to
east. Comparison with the current period shows some pronounced trends that are

Fig. 4. Spatial distribution of cases of heavy precipitation over 30 mm/day for the period
1953-1965
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visible also in Fig. 2. All in all, the frequency of heavy precipitation over 30 mm/day
increases everywhere except in the eastern part of the studied area. This leads to a
more homogeneous spatial distribution and a clear increase of the frequency only in
south direction.

The annual course of the number of cases of precipitation over 30 mm/day
shows that their maximum is in the period from April to September, which is due to
the nature of precipitation during the warm half of the year, which originates from
convective clouds or along fast moving cold front. That is why Fig. 5 shows hazards,
connected with this phenomenon, only in the warm half of the year (April-Septem-
ber). It could be seen that the most of the studied area is characterized by low hazard
(class 2). This means that there are about 2 rainfalls of this type per year. Only the
southern parts of municipalities Valchedram and Misia are characterized by medium
hazard (class 3), which means that there are about 3 such rainfalls in the warm half
of the year.

HEAVY PRECIPITATION OVER 50 MM/DAY

Figure 6 shows the annual course of the number of cases of precipitation over 50
mm/day for the current period in the research area. As should be expected this hazard
is quite rare and occur mainly in July and August and not at all stations. This type
of precipitation, however, almost certainly leads to a flooding. Again, stations with
higher frequencies are Vratsa and Pleven, but some stations along the Danube River
also show high values in summer months. The figure reveals that such heavy precipi-
tation is possible even in winter months. But the main danger of flooding remains in
the warm half of the year and especially in summer.

Figure 7 shows trends in the number of cases of heavy precipitation over 50 mm/
day for the period 1953-2012. The picture here is more diversified. The most stations
maintain their positive trends of the number of cases of this phenomenon. Svishtov,

Fig. 6. Annual course of cases of heavy precipitation over S0 mm/day for the period
10.2001-12.2012
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Fig. 7. Trends in cases of heavy precipitation over 50 mm/day for the period 1953-2012

again, has a decreasing trend together with stations Novo selo and Lom. This is prob-
ably due to the relatively lower frequency of this meteorological hazard and as a
result — of the relative randomness of its distribution. L.e. it is difficult to make a solid
projection of this hazardous climatic element.

Figure 8 shows spatial distribution of the number of cases of precipitation over
50 mm/day for the current period. It could be seen, compared to Fig. 3, that there
is a serious reduction in the average annual number — it is between 0.2 and 0.6 for

Fig. 8. Spatial distribution of cases of heavy precipitation over 50 mm/day for the period
10.2001-12.2012
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Fig. 9. Spatial distribution of cases of heavy precipitation over 50 mm/day for the period
1953-1965

this sector of the Danube floodplain. This means that there may be years without the
occurrence of such dangerous meteorological phenomenon. The spatial distribution
shows an increase of the number of cases in southern direction. This is due to the
proximity of these areas to the mountain range.

Spatial distribution of the number of cases of heavy precipitation over 50 mm/
day for the period 1953—-1965 is shown in Fig. 9. It could be seen that the lowest
frequency of this phenomenon has been observed in the region of Vidin — about 0.2
cases per year. The greatest was the frequency in the regions of Vratsa and Svishtov
—around and above 0.6 cases per year. This spatial distribution reveals an increase of
the number of cases in south and east directions. Comparison with the current period
shows an increase of the frequency of heavy precipitation over 50 mm/day in almost
the entire region with the exception of its easternmost part. The increase is about 2
times in the western part. This leads to a more homogeneous spatial distribution and
a clear increase of the frequency only in south direction.

The annual course of the number of cases of precipitation over 50 mm/day shows
that their maximum is also in the period from April to September. That is why Figure
10 shows the hazards, connected with this phenomenon, only in the above mentioned
period. The map reveals that all studied municipalities belong to class 1 — very low
hazard. This means that such rainfall occurs once every one to two years.

BLIZZARDS

Figure 11 shows the annual course of the number of cases of blizzards for the
current period in the research area. This hazard was examined only during the months
from November to March as in the rest of the year there is no such phenomenon. Its
frequency is highest in January and February, but it does not occur at every meteoro-
logical station. Overall, it could be concluded that this hazard, which is associated
with strong winds, is not particularly typical for the studied sector of the Danube
floodplain.
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Fig. 11. Annual course of cases of blizzards for the period 10.2001-12.2012

Figure 12 shows spatial distribution of the number of cases of blizzards for the
current period. It could be seen that the average number is extremely small — between
0 at station Vratsa and 0.5 at station Svishtov. This means that the phenomenon is
rare in the research area and is rather unusual than a regular event. The frequency
increases in eastern direction. The cause for such a spatial distribution is wind speed.
Western part of the Danube floodplain is relatively protected from the strong winds
by the two mountain ranges that surround it on the north and south — Carpathian and
Balkan Mountains. This protection decreases in eastern direction and the frequency
of strong winds in the cold half of the year increases.

Fig. 12. Spatial distribution of cases of blizzards for the period 10.2001-12.2012

146



10309s urejdpooy oqnue(q [0dOIN-UIPIA UT
T10T°T1-1007°01 potiad oty 10] (YOIRIN-IOQUISAON]) SPIeZZI[q JO SSSB[O pIezey Jo uonnquusip [eneds €1 "Sig

147



Figure 13 shows spatial distribution of the hazard (in months from November
to March), associated with this phenomenon, in the studied area. It could be seen
that all municipalities are characterized by very low hazard (class 1), which means
that blizzards happen every few years, particularly in eastern municipalities.

HEAVY SNOWFALLS

Figure 14 shows the annual course of the number of cases of heavy snowfalls
for the current period in the research area. Here, as in blizzards, only months from
November to March were considered. The highest frequency of this hazard is during
the months of December, January and February. It is present at all meteorological
stations and should be taken into serious consideration as there could be negative
consequences for the transport.

Fig. 14. Annual course of cases of heavy snowfalls for the period 10.2001-12.2012

Fig. 15. Spatial distribution of cases of heavy snowfalls for the period 10.2001-12.2012
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Figure 15 shows spatial distribution of the number of cases of heavy snow-
falls for the current period. It could be seen again that the frequency increases in
southern direction. The average annual number varies from 0.6 in the northernmost
regions to more than 1 in the southern regions. This means that in the south, there
is at least one case annually of such meteorological hazard, while the frequency in
the north is one case per every two years. The orographic effect of the mountains
is an essential factor.

Figure 16 shows the spatial distribution of the hazard (in months from Novem-
ber to March), associated with this phenomenon, in the studied area. It could be seen
that almost the entire area of municipalities Vidin and Lom, and the northern part of
the municipality Dimovo have very low hazard of occurrence of heavy snowfalls
(class 1). This means that such snowfalls happen every year or two. The most western
part of municipality Vidin, the southern parts of municipalities Dimovo and Lom as
well as all other municipalities belong to class 2 (low hazard). This means that there
are one or two cases of heavy snowfall per year.

CONCLUSIONS

The most of heavy precipitation occur in late spring, summer and early autumn.
Its spatial distribution in this century shows increasing frequency from north to south.
Trends, compared to the middle of the 20th century, reveal an increase of the fre-
quency of these events in almost the entire studied area except the eastern part. This
leads to a certain spatial redistribution. In the period 1953-1965, the frequency of
heavy precipitation increases not only in south direction, but also in east direction.
The hazard of heavy rainfall over 30 mm/day is low and the hazard of heavy rainfall
over 50 mm/day is very low in almost the entire area during the warm half of the year.
Only southern parts of municipalities Valchedram and Misia are characterized by me-
dium hazard. Blizzards in the studied area are very rare and respectively the hazard
is very low. Their frequency increases eastwards. Frequency of heavy snowfalls is
greater with a maximum in January and February. Their spatial distribution shows an
increase from north to south. The most of the area has low hazard of occurrence of
this phenomenon. Exceptions are the eastern part of municipality Vidin and northern
parts of municipalities Dimovo and Lom, which have very low hazard of occurrence
of the phenomenon. All in all, the studied area has a relatively low level of hazard in
terms of weather phenomena associated with precipitation. However, revealed ten-
dencies, which suggest that the frequency and respectively the hazard of such events
are increasing, raise some concerns.
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OIIACHOCTU CBbP3AHU C BAJIEXKU B IVHABCKATA PABHUHA
B PETUOHA OT BUUH JIO HUKOIIOJI — CETAIIIHO ChCTOSIHUE
Y TEHAEHLIUU

11. Hoorcapos

(PezrmmMme)

W3cnenBanusaT paiioH oOxBama TyHaBCKATE oOmMHM OT Bumna mo Hwukomod.
M3non3Banu ca JaHHU OT 7 METEOPOJIOTMYHM CTAHIIUU — 5 TI0 Te€YeHHeTo Ha p. JlyHaB
M 2 BBB BBTPEIIHOCTTA HAa paBHUHaTa. OMacHOCTUTE, pasyie/laHi B CTAaTHATA, Ca OT
MHTEH3UBHU Bajieskd Hajg 30 mm/aen u Hag S0 mm/meH, CHEroHaBsIBaHWS M MHTEH-
3UBHU CHeroBasie)ku. OCHOBHUSAT MEPUOJT Ha U3ceaBane ¢ oT M. oktoMmBpu 2001 1. 10
M. nekemBpu 2012 1. 3a pa3kprBaHe Ha TEHACHIIMUTE NIPH WHTCH3UBHUTE BaJICKH €
n3cieaBad ¥ nepuoasT oT 1953 mo 1965 1. B pa3paboTkara ca H3MOJI3BaHH OCHOBHO
CTaTHCTUYECKH M Kaprorpadcku meromu. KimacoBeTe omacHOCT ca ompeaeneHu Ha
0a3ara Ha CpETHUTE YECTOTH Ha SBJICHHUATA.

[ToBeueTo MHTEH3WBHM BaJIeKH OT ABXK/I HAJ BH3IIPUETUTE TPAHUIIN CE CITyYBaT
mpe3 KbCHaTa TPOJIET, JISITOTO W paHHaTa eceH. [IpocTpaHCTBEHOTO MM pasmpere-
JICHHWE TIpe3 HACTOAIIMS BEK € C yBeIMYeHHWEe Ha YecToTara B IMOCOKa Ior. TpeHpo-
BETE B CPaBHEHHE ChC Cpejara Ha MHHAJIMS BEK IMOKa3BaT yBeIWYeHHE Ha Opos Ha
Te3W SBIIEHUS B TIOYTH IENNS WU3CJe/IBaH PalioH, ¢ M3KIIOYeHHE Ha HaW-M3TOYHATA
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My 4acT. ToBa BoAM U 10 CHOTBETHOTO TEPUTOPUATIHO Tpepasnpeaenenue. Ciex cpe-
nata Ha XX B. 4YeCTOTaTa Ha MHTEH3UBHUTE BAJICKU CE YBEIMYaBa OCBEH OT CEBEP
Ha 0T, CHINO Taka M OT 3amaja Ha u3Tok. [louTu B 1smara Teputopust mpe3 TOIIOTO
MOJIYTO/INE OMACHOCTTA OT MHTEH3WBHU Bajie:ku Haja 30 mm//ieH € HKCKa, a 3a Baje-
U Haja 50 mm/aeH — MHOTO HUCKA. ENWHCTBEHO HAH-FOKHUTE YaCcTH Ha OOIIMHUTE
Boauenpsm u Musus ce xapakTepu3upar CbC cpeHa onacHOCT. CHErOHABSIBAaHUSTA
B M3CJICJIBAHUS PallOH ca MHOTO pefkd. TsxHaTa dyecToTa ce yBelnyaBa B M3TOUHA
nocoka. OmacHOCTTa OT TOBA SIBJICHUE € MHOTO HHUCKa. YecToTara Ha HHTCH3UBHUTE
CHETOBAJIC)KH € TIO-TOJIsIMAa ¢ MAaKCUMYM TIpe3 sinyapu u (¢eBpyapu. [IpocTpancTBe-
HOTO UM pa3npeesieHNe MOKa3Ba YBEIUUYCHHE OT ceBep Ha for. [lo-romsimMaTa yact ot
TEPUTOPUSTA € C HUCKA OMACHOCT OT CIIyYBaHE Ha TOBa siBJcHUE. M3kimoueHue mpa-
BAT M3TOYHATA 4YacT Ha oOumHa BuauH u ceBepHUTE yacTu Ha oOuHUTE J[MMOBO
u JloM, KOUTO ca ¢ MHOTO HHUCKA OMACHOCT OT CITyYBAHETO Ha TakoBa siBieHue. Karo
15710 M3CIIeIBaHaTa TEPUTOPHUS UMa CPAaBHUTEITHO HUCKO HUBO Ha OMACHOCT IO OTHO-
IIICHUE Ha METEOPOJIOTHUHUTE SIBJIICHUS, CBbP3aHU ¢ Basiexute. [[purecHenue, obaue,
OyIST pa3KpUTHUTE TEHICHIIUHU, KOUTO ITOKA3BaT, Y€ YeCTOTAaTa Ha TAKKMBA SBJICHUS CC
yBeJIM4YaBa U ChbOTBETHO I1I€ CE yBeJIUYaBa U OMacHOCTTA.
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