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On some peculiarities in the regime of the periods with five and
more consecutive days with precipitation on the territory of
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Abstract. The paper presents and discusses series of daily precipitation data sets for
the period (1960-2009), measured in 38 meteorological stations (mainly synoptic)
representative for the territory of Bulgaria. Spatial-temporal distributions of samples with
five and more consecutive days with precipitation and the corresponding precipitation
amounts are analysed by stations, as well as for whole North and South Bulgaria. The
resulting distributions are reviewed by months for the entire period of data, as well as for
the sub-periods (1960—1984) and (1985-2009). The tendencies in the regime of the periods
with five and more consecutive days with precipitation are analysed in the light of climate
variability.
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INTRODUCTION

The object of the study are the prolonged wet periods, namely the cases of five and
more consecutive days with precipitation (CDP_,), registered in 38 representative
meteorological stations located relatively evenly on the territory of Bulgaria. The aim
of this study is to summarise the obtained results in some previous works (Gocheva
A. et al. 2010, Gocheva A. et al. 2011), as well as to examine for considerable spatial-
temporal changes in the regime of consecutive days with precipitation on the territory
of the country in the light of the problem of climate change.
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On some peculiarities in the regime of the periods with five and more consecutive days with
precipitation on the territory of Bulgaria

DATA

Daily precipitation data for the period (1960-2009) from 19 stations in North Bulgaria and
19 stations in South Bulgaria (Fig. 1) are used. Samples with five and more consecutive
days with precipitation are chosen as far as those cases occur practically annually and
are commonly in the area above the 90™ percentile of respective distributions.
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Fig. 1. Meteorological stations used in the study

RESULTS AND ANALYSIS
Number of consecutive days with precipitation

More than 6000 cases of CDP_, are recorded during the 50-year period (1960-2009),
namely 2927 cases in South Bulgaria and 3452 in North Bulgaria. The maximum and
the minimum number of registered cases of CDP_, are, correspondingly: 281 (Vratsa)
and 95 (Shabla) in North Bulgaria; 240 (Sofia) and 69 (Emine) in South Bulgaria.

The total number of days XN and the total precipitation amount XP, (mm) for the
cases of CDP_, over the periods (1960-1984) and (1985-2009) for the entire territory
of the country and, separately, for North and South Bulgaria are compared in Table 1.
Since 1984, the total number of days and the total precipitation amount decrease with
about 40 days and 240 mm per year, as this negative trend is determined mainly by
changes in the precipitation regime in South Bulgaria.
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Against the background of these aggregated data, Fig. 2 gives a more detailed picture

for the sub-periods (1960-1984) and (1985-2009) by stations.

Table 1. Comparison between XNd and XPd for the periods (1960-1984) and (1985-2009)

Region | All Bulgaria | North Bulgaria | South Bulgaria
Total number of five and more consecutive days with precipitation (XNd)
(1960-1984) 20001 10595 9406
(1985-2009) 19100 10738 8362

Total precipitation amount (mm) for the corresponding number of days (XPd)

(1960-1984)

121649

63838

57811

(1985-2009)

115699

64052

51647

After 1984, the total precipitation amount P, corresponding to a total number of days
XN, was reduced significantly, according to data sets from stations Oryahovo, Gabrovo,
Veliko Tarnovo, Pernik, Kyustendil, St. Zagora, Smolyan, Sliven, and Karnobat. While,
in North East Bulgaria and in some stations in other regions (Montana, Pazardzhik,
Haskovo, Bourgas) a moderate to substantial increase is observed.
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Fig. 2. Total precipitation amount XP, for the periods (1960-1984) and (1985-2009) by stations

The frequency distributions of CDP_, by the number of days show that about 50% of
observed cases (Fig. 3) are those with 5 consecutive days with precipitation. About 90%
of the samples consist of cases up to 10 consecutive days with precipitation, while the
cases with over 10 consecutive days are very rare.

During the period under review, the most extreme cases of CDP_, are registered,
respectively:
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In North Bulgaria: Vratsa — 20 consecutive days with precipitation (V.1980); Lovech
— 17 days (I11.1984); Svishtov, Razgrad, and Rousse — 17 days (XI, XI1.1996); Veliko
Tarnovo — 15 days (I1.1981); Targovishte — 15 days (VII, VIII.1982);

In South Bulgaria: Haskovo — 20 consecutive days with precipitation (XI, XII.1998);
Smolyan— 18 days (1.1985); Sofia— 17 days (V, VI.1971); Pazardzhik — 16 days (V.1980).
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Fig. 3. Frequency distributions of CDP_ by the number of days

Distribution by months

The monthly distributions of CDP_; for North and South Bulgaria are presented in Fig.
4. One can see that in the late summer and early autumn these cases are under or around
5%, in according to the peculiarities of precipitation regime in the country.
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Fig. 4 Monthly distributions of CDP_;

The detailed analysis of the distributions by months for the periods (1960-1984) and
(1985-2009) shows that after 1984, in the most of the stations in North Bulgaria, was
registered an increase of CDP_ in the autumn and early winter and a relative decrease
of CDP_; in the spring. Some exceptions are: stations Oryahovo and Gabrovo — the
decrease of the parameter covers all months, without July and September; Vidin and
Veliko Tarnovo — practically disappears the maximum in May; Razgrad and Shabla —
completely changed distributions of CDP_, compared to the previous period (Fig. 5).
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In South Bulgaria, a tendency of decreasing of CDP_ from January to June is observed
after 1984. About most of the stations, the moving average interpolation curves for the
period (1985-2009) remain below these for the period (1960-1984). In some stations,
there is a significant increase of CDP_, from September to December (Blagoevgrad,
Sandanski, Haskovo, and Burgas).
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Fig. 5. Distributions by months for some selected stations in North Bulgaria (left panel) and
South Bulgaria (right panel)
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precipitation on the territory of Bulgaria

Frequency distributions of the precipitation amount of CDP_,

Fig. 6 shows the frequency distributions of cases with five and more consecutive days
with precipitation depending on the precipitation amounts. On the abscissa are mapped
ceilings of the intervals of the distribution (from 0.1 to 20 mm, from 21 to 40 mm, etc.).
The modal values appear in the interval from 21 to 40 mm for both North and South
Bulgaria, while the maximum values vary greatly — from 100 mm (Burgas) to 340 mm
(Shabla).
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Fig. 6 Frequency distribution of precipitation amounts for the cases with five and more
consecutive days with precipitation

The relative deviation of the precipitation amounts of CDP_; in the intervals 0.1-20
mm, 21-40 mm, 41-60 mm, and 61-80 mm for the period (1985-2009) is presented in
Fig. 7.
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Fig. 7 Relative deviation (in %) of the precipitation amounts under 20 mm, from 21to 40 mm,
from 41 to 60 mm, and from 61 to 80 mm for the period (1985-2009)

In South Bulgaria, cases with precipitation amounts in the intervals 21-40 mm and
61-80 mm decrease significantly over the period (1985-2009) in comparison with
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the period (1960-1984), even in South West Bulgaria the negative change reaches up
to 30% in the interval 21-40 mm. The variation in precipitation amounts in the intervals
0.1-20 mm and 41-60 mm is negligible. In North Bulgaria cases with precipitation
amounts from 41 to 60 mm increase up to 42% in some stations in North East Bulgaria,
while those in the interval 61-80 mm decrease with about 17%.

Deviation and frequency distribution of the annual precipitation amount of
CDP_, for the period (1960-2009)

Fig. 8 illustrates the relative deviations of the annual precipitation amount (XP_,) of
CDP_; from the respective values, calculated for the reference period (1961-1990) for
North and South Bulgaria.

Generally, there is not a clear tendency in the studied time series of the annual
precipitation amount of CDP__; only for the stations in North East Bulgaria, the tendency
is positive (but comparable with the standard deviation for this area — 390 mm). The
abnormal precipitation amount for 2005 in North Bulgaria (4654 mm above the norm)

remains the most extreme value for the whole 50-year period.
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Fig. 8 Anomalies of the annual precipitation amount (£P _ ) in the period (1960 —2009)

The frequency distributions of the annual precipitation amount XP_; (mm) for the
cases of five and more consecutive days with precipitation are shown in Fig. 9. In North
Bulgaria, the mode is about 3000 mm per year, while the maximum value reaches 7102
mm. The average mode of annual precipitation amount by stations is about 160 mm. In
South Bulgaria, the mode is around 2700 mm yearly, the maximum value is 3992 mm;
the average mode of annual precipitation amount by stations is around 140 mm.



On some peculiarities in the regime of the periods with five and more consecutive days with
precipitation on the territory of Bulgaria

50 North Bulgaria 50 South Bulgaria
X 40 T 40
3 30 2 30
5 5
5 20 g 20
T T
g 10 fh_’ 10 1 |—| I
0 1 ‘ : ‘ . 1 0 1. : :
1000 2000 3000 4000 5000 6000 7000 8000 900 1800 2700 3600 4500
2 P (mm) 2 P (mm)

Fig. 9 Frequency distributions of annual precipitation amount (XP _ ;) for the period
(1960-2009)

Risk assessment

The risk of realization of a minimum number of cases with five and more consecutive
days with precipitation, in spatial terms, is assessed using the formula:
10X, -X )X —-X )10,

min max min

where the deviation of each observed value of the parameter X, from the smallest
registered value X = is normalized by the range (X — X ) of the samples, and the
result is multiplied by 10 to obtain a comfortable uniform scale from 1 to 10 (Kobysheva
N. and O. Ilina 2001).

Fig. 10 illustrates the results by stations. The maximum and the minimum values of
XN, for the period 1960-2009 are realized in Vratsa (1812 days) and Emine (393 days).
The risk is higher in South and North East Bulgaria.
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Fig. 10 Risk assessment of realization of a minimum number of cases of CDP_, by stations over
the period (1960-2009)
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CONCLUSIONS

In the period (1960-2009), over 6000 cases of CDP_; are registered: 2927 in South
Bulgaria and 3452 in the northern part of the country.

Since 1984, the total number of days (EN,) and the total precipitation amount (XP,)
decrease with about 40 days and 240 mm per year, as this negative trend is determined
primarily by changes in the precipitation regime in South Bulgaria.

The monthly distributions of registered cases show that the occurrence of CDP_; is
common in the spring and winter and rare at the late summer and early autumn.

In South Bulgaria, the cases with precipitation amounts in the intervals from 21 to
40 mm and from 61 to 80 mm decrease significantly over the period (1985-2009), as
in some stations in South West Bulgaria the change reaches up to -30% (in the interval
21-40 mm).

The cases of CDP_, with precipitation amount from 61 to 80 mm are decreased
by around 17% in North Bulgaria, while those in the interval from 41 to 60 mm are
increased up to 42% in some stations in North East Bulgaria.

There is not a clear tendency of changing in the annual precipitation amounts; only
for the stations in North East Bulgaria, the tendency is positive (but comparable with the
standard deviation for this area — 390 mm).

In North Bulgaria, the mode of annual precipitation amount of CDP_; is about 3000
mm per year; the average mode by stations is about 160 mm. In South Bulgaria, the
mode is around 2700 mm yearly; the average mode by stations is around 140 mm.

The risk of realization of a minimum number of cases with five and more consecutive
days with precipitation is higher in South and North East Bulgaria.
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Formulae for calculation values corresponding to different
repetition periods by means of only one of them on the example
of the function of Frechet
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Abstract. Equations for calculation of values corresponding to different repetition periods
by means of one and only similar value are worked out for the purposes of the assessment of
thermal actions on buildings and constructions according to EUROCODE 1 on the example
of Frechet’ function.

Keywords: function of Fisher-Tippet type II (Frechet), statistical extrapolation

INTRODUCTION

The function of Fisher-Tippet type II (Frechet) is well known in the climatological
practice as a successful formula for analytical presentation and statistical extrapolation
of the air temperature integral distributions including these ones of the air temperature
minimums and maximums.

This function is used for calculation of the normative air temperature values in the
present Bulgarian Building Norms and Rules in which the used parameters are calculated
with probability against exceeding P=0.98 [1].

The same function is also chosen for assessment of the thermal actions on buildings
in the process of harmonization of Bulgarian Building Norms and Rules with the
requirements of EUROCODE 1 where the characteristic air temperature values must be
determined with probability against exceeding P = 0.98 too [2].

*  krastina.malcheva@meteo.bg
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In many cases however is needed to be determined representative air temperature
values corresponding to different (usually less) repetition periods for example for
temporary situations in the process of building or for temporary buildings, etc.

OBJECTIVE

In connection with this necessity is important to be worked out a formula allowing
determination of values corresponding to different repetition periods using one and only
similar value. As far as the normative values in the present Bulgarian Building Norms
and Rules as well as in EUROCODE 1 correspond to repetition period once in 50 years,
it would be well the obtained results to be verified namely on the task for determination
of air temperature values corresponding to repetition periods at least once in 2, 5, 10,
15, 20, 25 years, using only the corresponding value with repetition period at least once
in 50 years.

MATHEMATICAL BASIS

The distribution of Fisher-Tippet type Il (Frechet) has the form [3]:

Q) [tJ_ﬂ
o) =exp| —| — , >0, )
B

where u, and B are parameters of the distribution, ¢(¢) is the probability that the variable
(air temperature in the case) will not exceed 7.

The probability that the air temperature will reach and exceed 7 is y (t) =1—@(¢)
and R is the number of years in which is observed value exceeding #:

"~ Nu©) VA= RN

when N is the number of observations in the year.

In the case of yearly absolute minimum and maximum air temperatures, N = 1 and
therefore (Table 1):

1 1
l//(t)—E, (1) =1 z



Formulae for calculation values corresponding to different repetition periods by means of only
one of them on the example of the function of Frechet

Table 1. Dependence of probabilities ¢ () and y (¢) from R for the case N =1

R, years 2 5 10 15 20 25 50
o9 0.5 0.8 0.9 0.933 0.95 0.96 0.98
y(d) 0.5 0.2 0.1 0.067 0.05 0.04 0.02

Twofold logarithmation of the Frechet’ function (1) transforms it in a linear function:

y=hx +b, 2
1
where kK =—— and b=1Inp.
U

The initial logarithmation of (1) leads to the following equation:

In (1) (’]_ﬂ
) =— —
ne Iz 3)

To take the logarithm of the equation above it is necessary to multiply both sides by
—1, because ¢ (¢) < 1 and consequently Ing (£) <0

1 ’j_#
— )= —
new [,3 @)

After completion of these steps the following result is obtained:

1 1 Q@ Lll

Therefore:

ln[— In (p(t)] =—ulnt+uln g
Int = —iln[— Ing()]+1n g
7

1
The substitutions y =1In¢, x= 1r1[— In (p(t)], k=——, b=Inp lead to a linear
equation (2). H
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The graphical representation of the final result is shown in Fig. 1, where b=1nf is

y-intercept and £ = L tg@ 1s the slope of the line.
7]

After these calculations the following problem can be solved: If for given R (e.g. R=
50 and ¢ = ¢,)) the value of  is known, the value of ¢, for arbitrary R can be calculated.

For that purpose, one can represent the linear equation (2) for two particular points,
namely (50, ¢, ) and (R, t,):

=kxsq +b
50 =50 5o = 1In| —In[ 1-—= | | = =3.902 6)
VYr =kxz +b 50

v=icx +b

X
Fig. 1. Linear relationship obtained after twofold logarithm of Frechet’ function

From the above two equations (6) one can derive two functions representing the
dependence of 7, from R, i.e. {,=F(R).
To obtain the first function the two equations (6) can be divided side by side:

Ve _ kx, +b
Vs  kxso+b
1
—Xx, +b
kx, +b ub —x, ulnp—x,
Yr 0 % b_ 50 = Vso bh— =Vso Ing—
50 ——xy+b HO — X5 H Xso
U
Consequently:
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one of them on the example of the function of Frechet

o)

pIn—In[=Ing(tp)] _

(Intsy)

uln B—In[-Ing(ss))] uln B+3.902
And finally, the expression for 7,V =F (R) is:
ylnﬁ—ln[—ln(l—%]}
tR(l) = F, (R) = (Zso) 21n £+3.902 ™

For obtaining the second function 7, = F_(R) the two equations (6) are subtracted:

Vso —Vr =k(xso—xgp) = Yrp=ys0 k(x50 —Xg)

In Ip = In ts59 — l{3.902 + ln|:— ln(l _iJ:|}
H R

Then the expression for the second function is:

0 = Fy(R) = exp{ln 0 _i{”oz i ln[_ ln[l _LHH v
p R

VERIFICATION

For verification of equations (7) and (8), results from meteorological station Buzovec
(as an example) are employed. For this station the values of parameters included in

equations (7) and (8) are: pu = 19.68965, B =36.04633, f_ =43.9 °C.

> 750

Table 2. Functions representing the dependence of 7, from R for station Buzovec

R, years 2 5 10 15 20 25 50

tO=F(@®)| 367 | 389 | 404 | 412 | 419 | 424 | 439

t,.?=F,(R)| 36.7 38.9 40.4 41.2 41.9 424 43.9
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CONCLUSIONS

The obtained formulae allow being determined values corresponding to different
repetition period by means of only one of them that is undoubtedly very useful.

Another not less interesting and useful result however is the circumstance that /7 (R)
depends on both parameters p and B, while /(R) depends only on the parameter u. The
parameter u however determines only the slope of the line so that the addition of an
arbitrary constant to all members of the input data series would not change the results
of the calculations. This fact gives the great opportunity for processing data series
containing negative numbers through the addition of a suitable constant transforming
all members of the series in positive numbers.
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Abstract Six ,,classic” thermal comfort indices are explored to assess bioclimatic conditions
for the cold half-year (October—March) in Sofia. Daily data sets for the period (1953-2011)
from Central meteorological observatory are used for revealing peculiarities in the monthly
and yearly distributions of the selected indices.

Keywords: thermal comfort, winter conditions, climate estimations

INTRODUCTION

The indices used in this study illustrate the combined effect on the people of several
meteorological variables: wind speed, air temperature, and humidity. Some of these
indices are based on empirical investigations — Bodman’s weather severity index
(S), effective temperature (ET), wind chill factor (WCF), and some on theoretical
considerations — Steadman’s apparent temperature (AT), Hill’s formulae of cooling
power (H). Particular indices provide different thresholds with the same meaning of
thermal sensations. Mentioned indices are selected according to results reported in
studies of Blazejczyk K et al. (2011), and Trubina M et al. (2012).

The first paper presents a comparative analysis of Universal Thermal Climate
Index (UTCI), and several of the more prevalent thermal indices. The indices based on
relatively simple formulae (such as AT, WCI) correlate less with UTCI, exceptionally of
ET (with an R? coefficient of 96.7).

In the second study, some of the most accepted indices for bioclimatic estimations
in Russia are analyzed. Generally, experts’ opinion shows that indices ET, H, and S

*  krastina.malcheva@meteo.bg
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are sufficiently applicable and informative for climatic assessments of cold weather
conditions.

In the perspective of future investigations, formulae for calculation of the selected
indices (exceptionally of AT) in the description below are the same like those included
in BioKlima 2.6 software package.

Effective temperature (ET)

The Missenard’s index determines the thermal exchange between the human body and
the environment, i.e. the effective temperature felt by the human organism for certain
values of meteorological parameters such as air temperature (T, °C), relative humidity
(RH, %), and wind speed (v, m/s). ET (°C) is in use in many countries in Central and
East Europe, and Russia.

ET =37- 37T -0.297(1-0.01RH)

0.68—0.0014RH + —
1.76 +1.4v"

ET =T -04(T -10)(1-0.01RH), v<0.2m/s

where v the is wind speed (in m /s) at 1.2 m above the ground.

Apparent temperature (AT)

The Steadman’s apparent temperature (°C) is defined as the temperature at the reference
humidity level producing the same amount of discomfort as that experienced under
the current ambient temperature, humidity, and solar radiation. In the present study is
used the regression equation of this universal scale for outdoor conditions in shade but
exposed to the wind (NOAA’s National Climatic Data Center). AT is valid over a wide
range of temperatures, including the chilling effect of the wind at lower temperatures.

AT =1.04T +2.0e —0.65v —2.7

where: v is wind speed (in m /s) at 10 m above the ground
e is vapour pressure (in kPa)
T is air temperature (in °C).

Wind chill (WCI and WCF)

The wind chill temperature (WCI) defines an equivalent environment, of which the
cooling power is identical to that of the actual, windy environment. The WCI is in use
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by the weather services in North America and many other countries as an essential
winter weather predictor.

WCI = 13.12+0.6215 T— 11.37 v *16+0.3965 T'v 16

where: v is wind speed (in m/ s) at 10 m above ground level,
T is air temperature (in °C)

The wind chill temperature sets equal to the current air temperature if 7> 10°C or v
<1.3 m/s.

Wind chill factor WCF (W/m?) was calculated, expressing the cooling power of the
wind in complete shade and without any evaporation.

WCF = 1.163 (10 v "2+ 10.45 —v) (33— T)

where: v is wind speed (in m/s) at 10 m above the ground,
T is air temperature (in °C).

Thermal sensations of man wearing for skiing are assessed as follows (Table 1):

Table 1. WCF (W/m?) scale of thermal sensations for winter outdoor conditions

<2326 - extremely frost

from 1628 to 2326 - frosty

from 930 to 1628 - cold

from 582 to 930 - cool

from 233 to 582 - comfortable

from 116 to 233 - warm

from 58 to 116 - hot

> 58 - extremely hot
Cooling power (H)

Cooling power H (in W/m?) is an index assessing thermal sensations of standing man
wearing clothing adequate for winter. It illustrates heat losses from the human body
under air temperature and air motion influence. The values of H are not equal to the
actual amount of heat loss. The index is calculated according to Hill’s formulas as
follows:

H=41868(36.5-T7)(0.20+0.40v'?),  v<1m/s
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H=41.868(36.5—T) (0.13+0.47 v 12,

v>1m/s

where: v is wind speed (in m /s) at 1.2 m above the ground

T is air temperature (in °C).

Thermal sensations are assessed as follows (Table 2):

Table 2. H (W/m?) scale of thermal sensations for winter outdoor conditions

>2100 - extremely cold and windy
from 1680 to 2100 - very cold

from 1260 to 1680 - cold

from 840 to 1260 - cool

from 630 to 840 - slightly cool

from 420 to 630 - neutral

from 210 to 420 - hot

<210 - very hot

In the present study is used the formula for heat losses from the human body in wet
air environment (Hill, 1916; Isaev A.A., 2001, in Russian) calculated in W/m?:

H = H +41.868 (0.085+0.102 v *) (61.1 —e) *7)

where: v is wind speed (in m /s) at 1.2 m above the ground,

e is vapour pressure (in 71Pa).

Bodman’s weather severity index (S)

Weather severity index S (dimensionless) is used for bioclimatic evaluation of weather
conditions for winter half year. S is calculated according to Bodman’s formula as

follows:

S=(1-0.04T)(1+0.272 v)

where: v is wind speed (in m/s) at 10 m above ground level

T is air temperature (in °C)

The scale in use to assess winter weather severity is:
>6 - extraordinary severe conditions
from 5 to 6 - extremely severe conditions

from 4 to5 - very severe conditions
from 3 to 4 - severe conditions

from 2 to 3 - slightly severe conditions

from 1 to 2 - less severe conditions

<1 - mild condition
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To adjust the values for wind speed from a height of 10 m to 1.2 m (required for
calculation of ET and H) the following formula is used (Jon Wieringa, 1993):

where:
v is velocity to be calculated at height z
v_.is known velocity at reference height z_
z, is roughness length for the prevalent wind.

For the area of Central meteorological observatory in Sofia z,= 0.4 m is acceptable.

DATA AND RESULTS

Daily data sets, namely average air temperature (7) and wind speed (v), relative humidity
(RH), and vapour pressure (e) for the cold half-year (October—March) of the period
(1953-2011) from Central meteorological observatory in Sofia are used for analyzing
the distributions of described indices by months and years.

The frequency distributions of the cooling power index H (Fig. 1) are evaluated in
accordance with the defined above thresholds (Table 2). From October to January in
the category “warm in winter conditions” fall 20-24% of the calculated values, while
for February and March these values are respectively 13% and 8%. The neutral to
slightly cool conditions reach 30-35% for months December, January, and February,
while the very cold and extremely cold conditions are rare. In November, the registered
frequencies for “cold” and ,,very cold” categories are around 5%. As a whole, the Hill’s
index determines the winter in Sofia as mild to moderate cold from December to March
(compared with December, the weather conditions could be turned out more severe in
March).
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Fig. 1. Frequency distributions of the cooling power index (/) by months
for the period (1953-2011)

Similar results (Fig. 2) are obtained for the winter conditions in Sofia by Bodman’s
weather severity index (S) and Wind chill factor (WCF). The analysis is made on the
basis of averaged by dates daily values for the period (1953-2011). Maximum values
of S are under 2.0 (from 1.0 in October to 1.9 in February) and correspond to “less
severe” winter conditions. The maximum values of WCF do not exceed 900 W/m?* even
during January and February. In terms of the thermal comfort (the threshold for winter
outdoor activities is about 700 W/m?), typical winter conditions occur most often from
the second decade of December until the middle of March.

Frequency distributions (Fig. 3) of the indices ET, AT, and WCI on the basis of
daily data for the period (1953-2011) define the winter in Sofia as relatively mild to
moderate cold, but with possible extreme low temperatures of sensation (see Table 3) —
below —10°C in October and November, —20°C in December, —25°C during January and
February, and below —15°C in March. In rare cases, in typical winter months average
daily values of mentioned indices can reach above 10—15°C (by definition WCI values
are equal to the current air temperature if 7> 10°C).
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Fig. 2. Bodman’s weather severity index (S) and Wind chill factor (WCF) for the period

(1953-2011)

The frequency distributions of Steadman’s apparent temperature (A7) for the winter
months are shifted left (in the direction of low temperatures) in relation to those for
ET and WCI. The mean monthly values of AT correlate well with the mean minimum
temperature (R? coefficient ranged from 80.5 — in October, up to 89.4 — in February).
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Fig. 3. Frequency distributions of ET, AT, and WCI for the period (1953-2011)
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Table 3. Some extreme low values of the discussed thermal comfort indices for the period
(1953-2011); T (°C) is the mean daily air temperature, e (hPa) is the vapour pressure, RH (%) is
the relative humidity, and v (m/s) is the mean wind velocity.

Date (Ifg) (fg) \(7‘&)7((:3)1 Bodman | H (W/m?) WCIEZ)(W/ T (°C) (hlia) (ROHA)) (rr:]/s)
1954-02-02 | -27.6 | -22.3 | -22.5 5.8 2295.4 1683.0 | -11.3 | 22 85.0 | 11.0
1961-01-17 | -18.5 | -15.4 | -13.1 59 2229.5 1452.7 -3.4 3.7 | 76.0 | 153
1962-02-19 | -17.0 | -15.9 | -11.8 5.7 2183.9 1412.8 -2.4 3.8 75.0 | 153
1962-03-08 | -19.7 | -16.9 | -13.3 5.9 2238.4 1456.7 -3.5 4.1 85.0 | 153
1966-01-06 | -25.2 | -22.3 | -20.5 6.6 2449.5 1661.5 -9.0 23 75.0 | 14.3
1967-01-17 | -25.8 | -20.9 | -21.6 6.0 23349 1672.8 | -104 | 2.2 | 76.0 | 12.0
1967-12-21 | -24.0 | -20.1 | -21.5 5.2 2163.8 1634.7 | -11.0 | 1.8 | 70.0 | 9.7

1968-01-13 | -29.1 | -25.3 | -24.5 7.2 25924 17762 | -11.9 | 1.9 | 76.0 | 143

1969-12-17 | -15.8 | -15.4 | -9.9 59 2208.2 1363.7 -0.7 44 | 77.0 | 17.3

1979-01-02 | -23.7 | -21.3 | -22.1 6.1 2349.8 16843 | -10.7 | 1.7 59.0 | 12.0

The selected indices (except cooling power index H in some months) correlate well
each other in terms of the mean daily and mean monthly values (Table 4).

Table 4. Correlation between E7 and other five indices on the basis of their mean daily and mean
monthly values for the period (1953-2011)

ET (°C) r Oct Nov Dec Jan Feb Mar
AT (°C) 0.96 0.94 0.92 0.92 0.93 0.96

E Bodman -0.93 -0.88 -0.84 -0.87 -0.88 -0.90

§ i H (W/m?) -0.76 -0.72 -0.67 -0.77 -0.79 -0.83
= WCF (W/m?) -0.86 -0.79 -0.75 -0.81 -0.86 -0.91
WCI (°C) 0.93 0.95 0.95 0.96 0.96 0.96

" AT (°C) 0.96 0.96 0.94 0.95 0.97 0.98

;5; Bodman -0.95 -0.85 -0.89 -0.93 -0.93 -0.94

g é‘ H (W/m?) -0.80 -0.62 -0.79 -0.83 -0.87 -0.88
é WCF (W/m?) -0.89 -0.77 -0.87 -0.87 -0.94 -0.95
WCI (°C) 0.90 0.96 0.97 0.98 0.98 0.98

The detailed analysis of the data by years demonstrates a clear tendency towards
mitigation of thermal discomfort in winter conditions. On Fig. 4 are shown values of
Bodman’s index and £7 (compared with the long-term variations of the mean minimum
temperature) by years for the period (1953-2011).
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The reaching of Bodman’s index over 2.0 corresponds on thermal sensations around
and below the mean minimum temperature as the deviation in some years is around (in
February 1954 and December 1966) or exceeds —2°C (in January 1966 and 1968; in
February 1962, 1965 and 1971). Against the background of a weakly expressed trend
in the course of the temperature and humidity parameters for the period under review,
a significant influence on the thermal indices could have the reduction of the number of
windy days (with wind speed above 1 m/s).

CONCLUSIONS

As a whole, the selected indices correlate well each other in terms of mean daily
and monthly values and determine the winter in Sofia for the period (1953-2011) as
relatively mild to moderate cold. Typical winter conditions occur most often from the
second decade of December until the middle of March.

The frequency distributions of the indices £T, AT, and WCI on the basis of daily data
disclose the possible extreme low and extremely high temperatures of sensation.

The long-term variations of all selected indices reveal a clear tendency towards
mitigation of thermal discomfort in winter conditions, which probably is due to the
reduction of the number of windy days.
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The winter of 2012 in Bulgaria compared
to 51 previous winters
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Abstract. What kind was the winter of 2012 in comparison with previous years — normal,
extreme or extremely heavy? For getting the answer to this question a few indicative
climatic characteristics are explored, both separately and in a complex. In the study are
used data of daily observations from 26 representative meteorological stations for months
January and February of the period (1961 —2012).

Keywords: Winter of 2012, climatic characteristics, extreme weather

INTRODUCTION

The cold wave in 2012 over Europe (Fig. 1) began in late January and brought snow
and freezing temperatures over big part of the European continent. Extremely low
temperatures are registered in several Eastern and Northern European countries,
reaching to — 40°C in Finland. The cold air extended even to southern Europe. The
heaviest snowfall was observed in the Balkan region. On February 11 was reported
that the Danube had been completely frozen over. The Balkan Peninsula had minimal
temperatures mostly below —10°C, locally below —30°C in highlands of Romania and
Turkey and down to around —24°C in northern Greece and northern Serbia. However,
most of these minimum temperatures were not new records. Local records were broken
in Estonia, Bulgaria and Serbia (WMO, 2012).

In Bulgaria, heavy snow fell in late January. The snow depth reached over 60 cm
in Montana and Vratsa, and around 50 ¢m in Pleven and Sofia. Temperatures dropped
under —15°C to —20°C in many regions, with the lowest reading of — 29.4°C in Knezha.

*  krastina.malcheva@meteo.bg
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The heavy precipitation over south-eastern part of the country in early February caused
breaking of the wall of the dam Ivanovo (Haskovo area) and flooding of the village
Biser.

Mean daily minimum temperature anomalies 25 January - 16 February 2012
(February 1961-1990 reference) ‘
Data basis: Sy

op
Stand! last update : 27.02.2012

Fig. 1 Temperature anomaly (°C) in Europe between 25 January and 16 February 2012, DWD

DATA AND RESULTS

Daily data from 26 representative weather stations of the national meteorological
network, and in particular minimum, maximum and average temperatures, average
wind speeds and snow depth, are used.

In the present investigation are analyzed indicative climatic characteristics, both
separately and in a complex, such as mean monthly temperatures, lowest mean daily
temperatures, lowest of the negative maximum daily temperatures, average minimum
temperatures, absolute temperature minimums, average snow depth and wind speed for
months January and February of the period (1961-2012) for all selected stations.

The mean monthly temperatures in January 2012 are around average values for
the period (1961-2011), but in February are lower — with around and above 5°C. The
deviations are larger in North Bulgaria, and smaller in the region of Black Sea coast
(fig. 2).
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As awhole, the lowest mean daily temperatures in January 2012 are higher (excepting
Knezha) than average values for the period (1961-2011), while in February 2012 are

around and under them (Fig. 3).
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Fig. 3 Distribution of the lowest mean daily temperatures by stations

The lowest of the negative maximum daily temperatures in January 2012 are higher
by about 2 to 5°C from the corresponding values for the period (1961-2011), while in
February 2012 those temperatures are around and under corresponding values (mainly

in North Bulgaria) — Fig.

4.
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The average minimum temperature in January 2012 is around the norm, but in
February — with about 2 to 5°C lower (Fig. 5).
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Fig. 5 Distribution of the average minimum temperature by stations

The absolute temperature minimums in January 2012 do not reach records from
(1961-2011), but in February 2012 are close to them, as well as to the absolute minimums
available at least once in 50 years (Trepso) — Fig. 6.

According to the data from daily average (t), maximum (t_ ) and minimum (t . )
temperatures for the period (1961-2011) are determined values, above which remain
around 5% of the samples, ranked in a convenient direction (to low temperatures) for
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analyzing of the concerned winter conditions. The resulting estimates are used as a
complex condition for comparing of the temperatures in January and February 2012
with corresponding values for the period (1961-2011). Also, data for the snow cover
depth S and average wind speed J are used as additional characteristics of the winter

severity (see Table 1).
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Table 1 Comparison of the temperatures in January and February 2012 with the corresponding
values under similar conditions during the period (1961-2011)

b
Station —qﬁé % period reached (simultaneously) values of .é ,'é ~
= £ EZ
= oan \©
8 g E o€ 2| 5| E|E5T
IS E] 3 = g é £ ; ; 17}
— o -~ A
Vidin 8 129,30,31 |01,02,09,10,11 -20.8 | -12.8 | -28.6 | 20-40| 3 | 1985
Montana 8 (30,31 02,03,09,10,11,12 -153 | -10.8 | -24.6 | 20-60 | 2 1322’1980’
1963, 1969,
Vratsa 10 |30 01,02,03,04,08,09,10,11,12 | -15.9 | -14.8 | -21.6 [ 20-60 | 2 2006, 2010
1980, 1985,
Knezha 7 130,31 01,02,09,10, 11 245 | -1541-294120-35| 2 {1990, 1993,
2005
Pleven 9 (3031 01,02,03,08,09,10,11 -16.6 | -12.8 [ -20.2 | 30-50| 2 | 1969, 1980
Lovech 9 (3031 01,02,03,08, 09,10,11 -153 | -12.8 [ -20.0 | 2045 | 3 | 1969
Rouse 8 130,31 01,02,08,09, 10,11 -15.1 | -10.7 [ -19.9 | 20-25| 7 {2010
1972, 1991,
Varna 7 127,30,31 |01,08,09,10, 11 -10.1 | -82 |-158| 0-5 12 2006, 2010
1963, 1991,
Burgas 5 130,31 01,08,09 9.1 | -6.6 |-12.6| 0-3 14 2006, 2010
Haskovo 4 130,31 01,02 -141 | -74 |-192] 25 2 1980
Kardzhali 4 13031 01,02 -115 | 6.1 |-150] 5 4 11963, 1969
Plovdiv 4 131 01,02,10 -172 | 9.0 | -244130-50| 1 |1963
Pazardzhik 6 13031 01,02,09,10 -15.8 | -8.6 |-23.4 | 15-35 1 1963, 1980
CONCLUSIONS

In 2012, January and February, were registered extreme weather conditions. Particularly
unfavourable they were from late January to almost middle of February. Everywhere is
very cold (with many frosty days), but mostly in North Bulgaria. There was also a high
snow cover and a strong wind on the Black Sea coast (with an average speed exceeding
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10 m/s). Moreover, in January was registered excessive precipitation in all 26 stations
(Fig. 7). These conditions are rare but natural for the climate of the country, as most
hazardous is the combination of low daily temperatures (not just the minimum, but
mean and maximum values) for an extended period of time, under abnormal preceding
precipitation. On that common background, many local peculiarities should be expected.
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Dynamical models of verticaly integrated atmosphere
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066, Tsarigradsko shose, 1784 Sofia, Bulgaria
’Faculty of Physics, Sofia University, 5 James Bourchier, 1164 Sofia, Bulgaria

Abstract. There exist a lot of mathematical models of atmospheric dynamics. They could
be classified roughly in two groups: simple models allowing analytical realization and
interpretaion and more complex ones, requiring numerical treatment. These simple models
are also called “toy models” (Posmentier-1990). To this group of models belongs the one
proposed by Tennekes (1977). Its reformulation and modification is a subject of the present

paper.

Keywords: Atmospheric dynamics, mathematical models, vertical averaging, barotropic
approach.

1. INTRODUCTION

The real atmosphere of the Earth as a whole is quasi—two—dimensional as the vertical
scale (depth H) and the vertical component of the wind speed W are much smaller than
the horizontal ones L and U, i.e. (H, W) << (L, U). Moreover, the synoptic and large
scale motions are also quasi-static. In the general case, the atmosphere is assumed as
baroclinic medium. In barotropic approximation the density depends only on pressure.
The physical quantities depend on x, y, z, ¢, where x, y, z are horizontal coordinates and
t is time. In purely two-dimensional (2D) approximation, the vertical dependence is
missing.

An example of such approach is the Tennekes’ (1977) model. It is subject of alternative
formulation here in baroclinic and barotropic approximation. A vertically averaging
technique is applied thus transforming the 3D into 2D model. Similar technique was
used by us earlier. The present paper supplements the studies in two our previous ones

*  tatiana.spassova@meteo.bg
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Spassova and Panchev (2011a,b). Two levels of attachment of the 2D model are found
— level of intersection and mean energetic level.

2. THE TENNEKES’ (1977) MODEL

About 40 years ago, Tennekes proposed an original model of atmospheric dynamics.
The model refers to non-divergent, two-dimensional flow of an almost incompressible,
nearly inviscid gas with buoyant forcing. It describes the meridional transport of total
amount of heat, based on the following system of equations

M:_la_p+ﬁ_(1(s/h2)u, (1)
dt p Ox

v _ 1% g (k1) S0, @)
dt p Oy T

vy, 3)
ox Oy

d,0

—~ = 4
7 0, 4)

where (1, v) are horizontal velocity components, f is the Coriolis parameter, /
represents the scale height of the atmosphere, K and Q stand for surface friction and
rate of diabatic heating (or cooling) respectively, g” is the virtual (hypothetical) “gravity
acceleration”, directed toward the equator. The latter makes the warm air masses to
move toward the pole, while cool air “sinks” toward the equator. The flow is assumed to
be of infinite extent in the zonal direction but confined in a channel between rigid walls

at the two latitudes ( y ==L ). The only source of energy is the temperature difference
6 between the two boundaries, maintained by diabatic heating and cooling. The surface
friction is represented by the Rayleigh linear terms and the horizontal “convection” by
the last term, artificially introduced in equation (2). 7" is some reference temperature. In
equations (1) — (4) d,/dt means 2D “material” derivative

d, 0 & 0
——=—+U—+v— (5)
dt ot oOx oy

Tennekes (1977) showed that his model (1) — (4) exhibits behaviour that resembles
very much to the general circulation in the Earth’s atmosphere.
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3. NEW VERSION OF THE MODEL

Our reformulation of the model is based on the governing equations of 3D baroclinic

p=p(p,T,..), quasi-static atmosphere (for large scale motions dp = —pgdz, where p
is atmospheric pressure, p — density, g — gravity acceleration, z — vertical coordinate,
positive upward). We take these equations in standard form (in local coordinates) —
Kibel (1957), Panchev (1985b)

du_ 1@ 4, (©)
dt p Ox

dv_ 1 _g )
dt p Oy

g= _1op ®)

p 0z

d—p+p a_u+@+a_w =0 )
dt ox 0y Oz

P = pRT’ (10)

9L _RTdp_dQ
Pdt  p dtdt

where

(11)

= — 4 —_—
di o lox oy ez ot oz (12)

The vertical dependence can be suppressed by applying an appropriate integration,
proposed and first used by Obukhov (1949)

. K 1%
W (x, 1) = j w(x,y,z,t)dz, 7 = > I Pz 13
0 0

where =4, B, ... (4, B, ... are physical quantities that depend on x, y, z, ¢ ). This approach
was later used by Alishaev (1980), Panchev (1985a) and others. In this way the model
of the atmosphere, represented by the system of equations (6) — (11) is “flattened” and
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becomes 2D in the (x, y) plane. The natural boundary conditions pw — 0 at z — ©
and w=( atz=0 are also assumed.
The treatment of the equations (8) and (10) is an easy task:

gp = po(x, 1), (14)
p=pRT (15)

where p,(x,y,t) = p(x,,0,t)is the surface pressure. The continuity equation (9)
yields

ar \ox oy
where 672 / dt is given by (6) with (u, v) replaced by (,V).

More difficult task is to derive the corresponding “vertically averaged equations”
from (6), (7) and (11). We take them in the final form from Alishaev (1980) and they

read:

@+/}(8ﬁ+8\7j=0 (16)

dzz/_l :—lAa—p—i—f\_/—au, (17)
dt P Ox

ﬂz_%aﬁ_fg_av, (18)
t p oy

4 RTEP 140 . ( =2/1_1, A=r), (19)
dt dt ¢, dt y) :

where

a S AW+£ ou'v' (20)
u 5 8xp 6yp ,

0 =L 2 5@ 5 1)
o plox Gyp
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and u'=u—u, VvV =v—v. Obviously, a,and a, are analogues of the Raynolds
stresses in the theory of turbulence — Panchev (1985 b) and are interpreted as a kind of
friction. Several approximations are possible:

=(0,0),

(au > av) ~ (1’79 ‘7)9
(22)

Tennekes used the linear (Rayleigh) dependence in his model. To keep our version
of the model closer to the original one (1) — (4), we also adopt linear approximation.
Moreover, the “artificial buoyancy” term

g_
B=2;T 23
T (23)

can be added in equation (18). On the other hand, by definition of geostrophic velocities

1 g 1 g
u()=——2L, v @)=—=L (24)
A oy pf ox
and applying (13) one obtains
- L1op S (25)

g€ Aar A Ve =
Af oy pf Ox
Thus, the pressure terms in (17) and (18) can be replaced by equivalent geostrophic
velocities and the model equations become

——=f(v-v,)-a,, %:—f(ﬁ—ﬁg)—aerB (26).

Equations (14) — (16) and (19) constitute our system for the quantities #,v, p, 2, T .

4. BAROTROPIC APPROXIMATION (Pancheyv, 1985 b)

The barotropic assumption p = p(p) allows to close the system of dynamic equations
(16) — (18). Let suppose that dQ = c¢dT in equation (11), i.e. Newtonian (polytropic)
process of heating. Then
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m CV —C —-m
= (ﬁj =ap , m= > a= PyPoo 27
£o Py ¢, ¢

where Py and p are reference values, while m (or ¢) is a free parameter of state, e.g.
m=1/A=c,/ ¢, means adiabatic state, m = 1 (c = «) means isothermal state, m =0

corresponds to vertically homogeneous atmosphere with p(z) = p(0) . Having in mind
(27), we rewrite the corresponding terms in equations (17), (18) as

Vp/p=a'n;"Vr, (28)

where 7, = p(x,,0,) is the surface pressure and V = (8/0x, /6y ).
Since py, / Py = RT,, = c; is the square of the isothermal sound speed, the constant

a can be written as @ = py,"c,”. Choosing [ Ly =c,f » Py = 1000 hPa as scales of
time, internal length and pressure, and L — the width of the zonal channel as explained
in section 2, we obtain the dimensionless form of the system of equations:

Uy y Uy g OZ,

ot Ox oy Ox
Vv oy e OZ, 29)
ot ox oy oy

—+U—+V—=—7 | —
ox Oy

or or or oUu oV -
ot ox oy

where ¢ = L(z) /L[* and D, is the “flat divergence”. U, V' and 7 are dimensionless
horizontal wind components and pressure, respectively. The terms a and @ in the first
two equations are omitted. Two kind of nonlinearity could be seen: advective (strong)
nonlinearity and “weak” one (the right sides of the equations).

It is worth to make comparison between system (29) and the so called “shallow water
system” of equations (Panchev 2001, 2006). The similarity between these two systems
is obvious, which allows to treat the system (29) in a similar way (Pedlosky, 1982).

By varying the parameter of state m in (29) one can account for the kind of the
thermodynamic process. For example, if m = 1 the system becomes
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d,U/ldt-V =—-&g0Ilnx/0x
d,V/dt+U=—-g0Ilnx/0y
d,Inz/dt =—(0U | 0x +V | dy)

(30)

In this form the system looks “less nonlinear” than (29). In nonadvective approach
(linearized left hand side of (29)), the classical Obukhov’s system of equations also
follows from (29) if one lets = = 1 out of the differential operators. In the general case

1-m

T

m # 1, the substitution M, (x,y,t)= |
—m

, (m#1) has the same effect.

An useful equation originating from the equations of motion is that of the vorticity

¢ =0v/0x—0v/0y . Its standard derivation from (29) yields

a_é/_|_Ua_é/_|_]/6—é,+(é’+1)D2 = 7[”"8—88—7[(2 & ﬁxﬁfm)
ot Ox oy oy ox 7

where € =&(f(») . Hence

%(( +D+(+DD,=7n"¢ x,

Substituting D, from (29) one obtains the potential vorticity evolution equation

@(lng“}ev T T F (1)
dt T . é/-i—l (31)

andif ¢, =0,ie.df /dy= =0

clx,y.0)+1
7(x,,0,t)
which means conservation of the potential vorticity.

= const (32)

5. LEVELS OF ATTACHMENT OF THE 2D MODEL

The 2D models like the present one originate from more realistic 3D models. A question
arises to which level in the 3D atmosphere one could attach the results obtained by
means of the 2D model. A speculative in some sense answer will be proposed.
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a) The level of intersection

The physical quantities (meteorological elements) we were dealing with in the models
under consideration were the temperature 7(z), the pressure p(z) and the density p(z). In
strictly static atmosphere (dp = —pgdz, p = RpT) the vertical profiles are interrelated
through simple expressions (Panchev, 2003). Given for example

T(z2)=T\(x,y)-yz (33)
then

o a—y
y4 z
p(Z)_po(l_H_T] P p(Z)_pO(l_FTj (34)

where a=I/y, I'=g/R=342°K/km, H, =T,/y, ¥ is the temperature
gradient (in the troposphere, ¥ = 6° K / km). Extending (33) and (34) to (T,p,p) = 0 we
see that /, defines the upper boundary of the model polytropic atmosphere, governed
by the above laws.

Let y be any of the elements 7, p, p and T, P, p are their vertically averaged

(according to (13)) counterparts. We define the level of intersection z, by

v(E,) =y (35)

Since (33) is accepted as a good approximation of the temperature profile in the real

troposphere, assumed in quasistatic state, we can use (13) and (33) in evaluation of z,
by (35), letting w = T we find

T:TO L > Ir= d =H; L =H,; ! (36)
Lty +y T+y l+a
At T,=288°K (15°C ) and = 6° K / km we find H,= 48 km and Z; = 7,16 km,
In a similar way from (34) , (35) we derive

e
v :H{l_(zaa—lj } 2, =H,(1-27")

Ata=57,z,=0.1H, = 4.8km, z,=0.114H, = 5.47km. Thus Z,<Z,<Z-

We take z,. as level of intersection (attachment) for the model, because T enters the
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model equations under consideration, while p, p do not. By the way, the numerical

values of Z, and Z, are very close to that of Z;..

b) The mean energetic level (MEL)

By definition of potential energy E, and internal energy E, of air volume with mass

dm = pdz
dE, = gzpdz, dE, =c pldz

after integration from z = 0 to z = o and using equations (8) and (10), one obtains

AA 1
Ei/Ep =c,/R=——-=25
A-1
On the other hand, there should exist level z, on which
E(zy) ¢T(zz) c

Actually, the function /(z) = zp(z), defined in the interval (0, o), has a maximum

(dw = pdz + zdp = 0) at gz = RT, which is equivalent to the above relation.
Hence,

Zg ZETET(ZE)/F
g

and if the polytropic profile is assumed, we find

_ T
EF+]/

z

i.e. z; = z; = Tkm. Moreover, some empirical evidences indicate that the geostrophic
velocities ¢, and ¢, as defined by (24), (25), numerically coincide on the MEL.

Therefore, z,(= z,) seems to be a representative level for atmospheric energetics and
dynamics. This level is localized in the troposphere (z; = 7 km, or 400 hPa).
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6. SUMMARY AND CONCLUSIONS

In this paper we discussed essentially two related but different problems of atmospheric
dynamics and energetics. The first one concerned the reformulation of an existing
(Tennekes 1977) mathematical model of 2 D turbulent flow on a beta plane, represented
by the system of equations (1) — (4) with linear friction terms and virtual “horizontal
buoyancy” term (in equation (2) only!). The two dimensionality in the (x, y) — plane is
achieved by vertical integration (averaging) of the more realistic 3D system (6) — (12)
by means of (13). This operation “flattens” the model atmosphere, making it one-level
in the 2D space. Following Tekennes, further analysis of the “new* less formal from
physical point of view systems (from sections 3 and 4) can be performed.

This approach of converting the 3D model in 2D one raises an important question: to
what level in the 3D atmosphere one could attach the results from the derived 2D model.
A speculative (in some sense) answer is given in sections 5a, b. This level seems to be
located at approximately 7 km, i.e. in the troposphere.

If aerological observations are available in a particular meteorological station, the

level Z, can be calculated by means of formula (36).
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Some special climatic characteristics for extreme conditions in
the wind field in the region of Karlovo valley

Anelia Gocheva, Tzvetan Dimitrov, Tihomir Denev

Abstract: The results obtained in this research show that the annual wind speed distributions
in the region of Karlovo valley do not differ for both studied periods: the decade 2003-
2012, and reference climatic one 1981-2010, especially for extreme values (rarer events).
For the period 2003-2012, the frequency of maximal wind speed pulsations > 16 m/s is
approximately 90% (98 realizations from the total 112 studied cases of strong winds).
Such unfavorable meteorological events represent a real part of the climate of the area
under consideration. Although they are less frequent, like all extreme events, they cause
significant damages.

Keywords: wind, maximal wind gusts, Karlovo.

Hsxou cienuaau3MpaHu KIMMATHYHHE XaPAKTEePUCTHKH
3a €KCTPEMHH YCJIOBHS B I10JIETO HA BATHPAa B paliOHa Ha
KapJjioBckoro nmose

Anenus I'oueBa, LIBeran {umutpos’, Tuxomup /lenen

Hayuonanen uncmumym no memeoponozus u xuoponozus — BAH
byn. Hapuepaocxko woce 66, 1784 Cogpus

Pe3iome: PesynraTuTe OT HATPAaBEHOTO IPOYYBaHE [IOKA3BAT, Y€ FOAUIIHUTE PA3IPEIeICHHs
Ha CKOPOCTTA Ha BATHpA 3a paiioHa Ha KapioBCKOTO KOTJIOBHHHO I10JIE HE CE pa3jinyaBar 3a
IBara pasmiekaaHu nepuoxaa: necermwiernero 2003-2012 r. u pedepeHTHHS KIUMAaTHUCH
nmepuox 1981-2010 1., 0ocobeHO 3a EKCTPEeMHHUTE CTOHHOCTH (no-pedxume cvOumus).
3a mepuoxa 2003 — 2012 r. yecToTaTta Ha pealn3upaHe HA MAKCHMAIIHU ITyJICAlld Ha
CKOpOCTTa Ha BATBpa > 16 m/s cecraBmsiBa okono 90% (98 peanusayuu om obwo 112-
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me uzciedganu cayuas Ha cuier eamuvp). [1ogoOHN HEOIArONPUATHA METEOPOIOTHIHHI
SIBTICHHS MIPEJICTABIIIBAT pealHa JacT OT KJIMMara Ha pa3mIexkaHus paiioH. Te CbOTBETHO
Ce CITyuBaT ¢ O-MaJka YeCTOTa, KaTO BCHUKU €KCTPEMHH SIBJICHUS, HO BOJAT 10 3HAUNTCITHH
IETH.

KawuoBu AYMMU: BATHP, MAKCUMAJIHU ITYJICALIMA HA BATHpPA, KapJ'IOBO

YBOJ

OOekT Ha u3cieIBaHE € OTHOCHUTEHO TSACHA WBHUIA, HAMUpAIIA Ce MPAKTUYECKH Ha
rpanunara mMmexny Knumamuunus Pation na Hzmounume 3adbankancku Ilonema cwe
cpenHa HagMopcka BucodnHa OT okono 400 m w 3adbanxanckus Huckonianumcku
Knumamuuen Paiion, ¢ Hagmopcka BucounHa 500 — 1000 m (Cv0eB JI. u np., 1959).
Ha ®ur. 1 e mokaszan y4acThk OT KapTara Ha bwreapusa npeactasdany Kaprnosckomo
KOMIOGUHHO NnoJle U NeUCTBAIUTE B pailoHa CTaHLIUU OT METEOPOJIOTHYHATA MpeXkKa Ha
Hanmonanuus nactutyT o Mmeteoposorus u xuaponorus (HUMX). 3a xapakrepusupane
Ha EKCTPEMHUTE YCJIOBUS B MOJETO Ha BATbpa B paiioHa Ha KapioBckoTo mosne u mo-
crieuaiHo B pailoHa Ha uBUUaTta cuensama Pozuno, Kvpunape, Conom, Kapnoso n
Kanoghep ca n3non3BaHu JaHHHUTE 32 CKOPOCTTA HA BATHPA OT KIMMAaTHYHA CTAHIIHS
Kapnoeso.

OnacHH 1 0c00€HO ONACHM SIBJICHUS

Haii-o0mo ka3aHo, METEOPOJIOTMYHUTE SIBICHHS CE CUMTAT 3a OMACHHU, aKo IpH
HACTBHIIBAHETO MM TpsAOBa Ja ce B3eMar CIIEUUalHM MEPKH 3a NpeAoTBpaTsIBaHe Ha
3HAUUTEITHU MaTepUaIHU 3aryOu WM IIETH B PAa3JIMYHK CTONMAHCKH oTpacin. OcobeHo
OIIaCHU Ca METEOPOJIOTUYHUTE SIBICHUS, KOUTO BOJAT 10 3HAYUTEIHH LIETH B pa3IMuHU
OTpacii Ha MKOHOMHKATa WM UMaT OeICTBEH XapakTep.

MeTeoponornuHUTE SBJICHUS M €JIEMEHTH CTaBaT ONAacHU HIM OCOOCHO OIAacHH,
KOraro TAXHAaTa WHTEH3UMBHOCT IIPEMUHE OIpeJelieHa KpUTHYHa TrpaHuna. B
METEOpOJIOrMYHAaTa NIPAaKTHKA Y HAC 32 OIIACEH Ce CunTa BATHP Hax 15 m/s, a 3a 0cobeHo
oraceH — BATHP Haja 30 m/s.

CUIHUSAT BATHP € CBbp3aH 00MUaiiHo cbe snauumentnu wemu (MecedeH Ol0IeTHH Ha
HUMX, Anpun 2013), kaTo: OTAeTHE NPEKbPIICHH U U3KOPEHEHU IBbPBETA, CKbCAHH
MIPOBOAHUIM U TIaJHAIIM CTHJIOOBE OT €JIEKTPOIPEHOCHATa MpEeXkKa, OTKbPTEHH Ma3HJIIKH,
OTHECEHHU JIEKU JJaMapUHEHH TTOKPUBU UJIM YacTH OT MOKPHUBHU KOHCTPYKIMHU U 1p. BbB
BCUYKH CITyyad € HaJHle ¥ KOMOMHUPAHO BB3JCHCTBHE HA OMACHUTE M/MIH OCOOEHO
OMaCHU METEOPOJIOTUYHHU SIBIICHUS OT €AMH THUI C €IHU WIM APYTH CHIPOBOMKAALIN
M METEOPOJIOTHMYHM ycloBHA. Taka, B clydyauTe Ha CHJIEH BATHD INpe3 3UMara, KbM
HEroBOTO BPEIHO BH3/IECHCTBUE CE HACJIarBa U TOBA Ha MaJHAJINTE BAJIE)KU U HUCKHUTE
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TEMIIEPaTypH, C MOCIEABAILO 3AJICASBAHE U JOIBIHUTEIHO YBPEKIAHE HA Crpaiu U
ChOPBIKEHHUS.

JTAHHU

W3non3Banu ca exeHEBHU JMaHHM 3a cpefaHara V (m/s) u makcumaiHa Vmax (m/s)
CKOPOCT Ha BSTHPa B KIMMaTHYHHUTE CPOKOBe Ha HabOmronenue (7, 14 u 21 uaca) npes
nepuona ot 01.01.1981 mo 31.12.2012 1. (6 omodennu cayuau npu npecmsimanus no
Meceyu u 00 Kpas Ha gespyapu 2013 2.), KaKTO U HAIMYHUTE HA CJIEKTPOHEH HOCHUTE
JIAaHHY 32 MAKCUMAIIHUTE MyJICAluK Ha BATBpa VP (m/s) 1 TAXHATa NPOIXBIKUTEHOCT
D (uacose), peructpupanu mpe3 nepuoma ot 01.01.1991 no 31.12.2012 r. kato
METEOPOJIOTHYHO SIBIICHHE.

Fuenrramat

®@ur. 1 KapnoBCcKOTO T0JI€ ¥ MECTOTIONOKEHUETO Ha METEOPOJIOTHIHUTE CTAHITHH

JlanHuTE 32 BATHpA ca MOJYUYEHH OT HAOIIONEHUS C BETPOMEp THUM ,,Bund* ¢ jneka
IJI0OYKA, MO3BOJISBAI JIa C€ PEerucTpupar ctoiHoctu 110 20 m/s, BKIOUNTENHO. Te3n
KOHCTPYKTUBHH OCOOCHOCTH Ha W3MEpBaTeIHHS ypel He MO3BOJSABAT Ja Ce M3MEepHU
JICHCTBUTEIHATA CKOPOCT HA BATHPA, KOTaTo TS € HaJ Ta3u rpanuta. [Ipu nocienanus
aHaJM3 o0aye ca OTYETEHHU U CIIy4anuTe, KOraTo CKOpOCTTa Ha BATHpa HaJIBUIIABa Ta3u
cToiiHoCT. JlanHuTe 32 Vmax ca ot 30-roguilieH nepuon, 3a Ja ca NpeJCTaBUTEIHU
KAaTo HOPMH B KJIMMAaTUYHO OTHOLIeHUE. He3aBUCUMO OT MO-KbCUsl IEPUO HA JAHHUTE
3a VP, Ha TAX MOXKE Jla Ce IVIeJa Karo Ha MHOTOIOJIMIIHA CPEIHA CTOMHOCT (3a
Odecemuiemueno) B KIIMMaTH4eH CMUCHIL. [[opain HEChBBPIIICHCTBOTO HA M3IIOJI3BaHATA
METOIUKA MPH KIMMaTU4HKU HaOmoneHus (usmepsanus camo ¢ 7, 14 u 21 yaca) n
IMOCOYCHNUTE KOHCTPYKTHBHU HEJOCTAThIIM Ha BETpOMeEpa THII ,,Bu10“ ce moiydasar
3aHIKCHH OIICHKU Ha MaKCHMaJHaTa CKOPOCT Ha BAThbpa. Ciensa aa ce oTOenexu, ue
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MaKCUMAIJTHUTE CKOPOCTH Ha BATHPa XapaKTepPHH 3a Pas3TIIekKIaHus PaiioH, BbB BCHUKH
Clly4ad ca II0-BHCOKM OT KoMeHTupaHute. [Ipm neiicTBamia aBTOMarWyHa CTaHITHS
B paifoHa, OmMxXa ce perucTpupaIl MHOTO IO-TIPEIM3HO CHOTBEHTHTE CTOWHOCTH Ha
MaKCHMaJTHaTa CKOPOCT Ha BATHPA.

OLIEHKH 3A BATBHPA
Cpeana cKopocT Ha BATbpa

B Tabmuna 1 ca nanenu onenkure 3a cpeana (AVE) u makcumanaa (MAX) croitHocTH
Ha CpeJHaTa CKOPOCT Ha BATHpa V, MONlydeHU OT m3Bajaku ¢ o0em N, dhopmupanu ot
©XXeHEBHUTE HAOIIO/ICHYSI HA BATHPA B METEOPOJIOTMYHA CTaHIUs Kapiioso, TIo MECely,
3a mepuonute 1981 — 2010 . u 2003 — dpepyapu 2013 1.

Ha ®wur. 2 e npeicraBeHO YeCTOTHOTO Pa3NpeAesieHHe — 10 OTHOCHUTEIHN YECTOTH
f (%) Ha cpegnara V ckOpoCT Ha BATHPA, MOITYYEHO Bb3 OCHOBA Ha JaHHH OT CPOYHUTE
HaOIIOIEHUS] B METEOPOJIOTHYHA CTaHIHsA KapioBo 3a U3MON3BaHUTE MTEPHO/IH.

CroiiHocTHTEe TO alciycara ce OTHACAT 3a JOJIHATa TpaHWIla Ha CHOTBETHHS
WHTEpBaJ M clieiBa Ja ce uerar ,,om 0 oo 1.9 m/s”, ,om 2 0o 3.9 m/s” u T.H.. ToBa
MpE/ICTaBsIHE IT03BOJIsIBA Ja C€ OICHAT KOPEKTHO CTOHHOCTHUTE OTHACSIIN Ce 3a
CIly4ad ChC CKOPOCT Ha BATHpa > 16 m/s, momagamy ChOTBETHO B Tpafamus ,,om 16
m/s 00 17.9 m/s”. OTHOCUTEIHUTE YECTOTH, KOUTO Ca HE3HAYMUTEIHU MOKE U J1a HE CE
BIDKJAT Ha (purypara, HO NOCIIETHATa O3HAUEHA TpaJlals 1Mo adciucara BChIMHOCT € U
MOCJIeIHATA, B KOSITO TIOTIaja HIKAaKbhB, MaKap ¥ MUHUMAaJIEH Opoii cirydau, Harpumep:
3a pasnpeneNieHHeTo Ha V U 3a J[Bara pas3riiexkIaHu Meproja TocleHaTa rpajaius €
»0m 20 m/s u no-eucoxu” Kato B Hes IMONaaT CbOTBETHO 8 M 3 CITy4asi ChCTaBIISIBAIIN
0.1% oTHOCHTEIIHA YeCTOTAa.

Taommua 1 Cpenna (AVE) u makcumanHa (MAX) CTOMHOCTH Ha cCpelHaTa CKOPOCT Ha
BiaTbpa V(m/s)

V m/s (1981 -2010 1)

1 1I 111 VI \% VI VII | VIII XI X XI XII

N 899 | 873 | 868 | 870 | 885 | 900 | 868 | 890 | 913 | 930 | 930 | 930
AVE 1.6 2.0 2.1 2.1 1.9 2.3 2.3 1.9 1.7 1.3 1.5 1.5
MAX | 200 | 200 | 17.0 | 150 | 13.0 | 20.0 | 20.0 | 143 | 153 | 19.0 | 20.0 | 20.0
V m/s (2003 — peBpyapu 2013 )
1 1I 11 VI \% VI VII | VIII XI X XI XII

N 341 | 223 | 279 | 248 | 278 | 248 | 248 | 270 | 261 | 310 | 278 | 310
AVE 1.6 1.6 2.3 2.0 2.0 2.3 2.3 1.7 1.4 1.1 1.2 1.0
MAX 20 16.7 16 12.7 10 12.7 20 10 12 12.7 20 16

X-ka

X-ka
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Kapnoso (1981 - 2010)

100 3

100

Kapnogo (2003 - 11.2013)

80 7
60 3
40
20 4 3
0 T i T T T T T T T ) 0 T i T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20 =0 2 4 6 8 10 12 14 16 18 20

V (mis) V (mis)

f (%)
F (%)

®ur. 2 YecTOTHO pasnpeaeiicHre Ha CpeHaTa CKopocT Ha BiaThpa V (m/s). Kapiogo.

W 3a nBara nepuoa cpeHaTa CKOpOCT Ha BATHpa V momnaia Hall-uecTo (cbomeemHo 8
88.5% u 87.7% om cryuaume) B uHTEpBaIA 10 4 m/s (kbOemo 61u3a maka Hapeuenomo
,,muxo”’ epeme). B Tabnuna 2 e mpescTaBeHo pa3npeielIeHUeTo B Ipajallii Ha CpeIHaTa
CKOpPOCT Ha BsTbpa no nepuonu. MzuncneHusat 90 npoueHTu1, HaJ KOWTO € 30HaTa Ha
EKCTPEMHUTE CTOMHOCTH 3a Pa3TIIeXkIaHUTE JIBE Pa3NpeelieH s € ChC CTOHHOCT 4.3 m/s,
KaTO CPEAHO/ICHOHOIIIHNUTE CKOPOCTH Ha BITHPa V ChC CTOMHOCTH HAJ| Ta3H I'PaHUIIA Ce
SIBSIBAT EKCTPEMHHU 3a pasIpe/ieieHneTo U paiiona Ha Kaprogckomo noie.

Tadnnua 2 PaznpeneneHue Ha cpefHaTa CKOPOCT Ha BATBpa V 1o oTHocuTe HU yecToTH f (%).
Kaprnosgo.

Vm/s 20| 2 4 6 8 10 12 14 16 18 20 | Cyma
1981 - 2010 695|190 | 53 | 28 | 1.7 | 09 | 04 | 03 | 0.1 | 0.0 | 0.1 |100%
2003 -11.2013 (681|196 | 6.7 | 27 | 1.4 | 0.8 | 04 | 0.1 | 0.1 | 0.0 | 0.1 |100%

[Monmy4yeHuTe pesynraruTe MOKa3BaT, ue pas3lpelelieHHEeTO Ha CpeHaTa CKOpOCT
Ha BAThpa V mo manuu 3a nepuoma 2003 — no deBpyapu 2013 1. mpakTUYECKH HE Ce
pasiryaBa OT CHOTBETHOTO pasnpeneneHue 3a pedepertnus 30-roquiieH KIMMaTHIeH
niepuon (/981 — 2010 2.), KakTo TIPU OIEHKUTE Ha CPEHHUTE CTOWHOCTH, TaKa M II0
OTHOIICHUE Ha Pa3NpeelICHHEeTO UM IO Tpajaiu. ToBa TMO3BOJISBA Jia CE HANPaBH
M3BOJIA, Y€ ITPe3 U3CIIEABAHOTO JIECETHIICTHE HE Ce HAOII01aBaT KIIMMATHYHU OTKIIOHEHHS
B pCXKHUMa Ha BATHpPA.

MakcuMaJjIHa CKOPOCT Ha BATHPa

B Ta6muma 3 ca nanenu ornenkure 3a cpenta (AVE) n makcnmanaa (MAX) cToitHOCTH
Ha MaKCHMallHaTa CKOPOCT Ha BATHpa Vmax (m/s) (om cpounume Habdnooenus),
TTOJTY9IeHH OT M3Bamku ¢ ooem N, popMupaHn OT eXeTHEBHUTE HAOIIONECHNS Ha BATHPa
B METEOPOJIOTHYHA cTaHIus Kaprnoso, o mecery, 3a nepuomure 1981 — 2010 . u
necerunetueto 2003 — derpyapu 2013 1.
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OueHKHUTE 32 MUHUMAJIHUTE CTOMHOCTH HA Vmax ca HyJd, a Te3H 3a MAKCUMAaJIHUTE
nocturar 20 m/s, MOPOJEHH OT KOHCTPYKTUBHU HECHBBPIIICHCTBA HA BETPOMEPA, KOUTO
HE TI03BOJISABAT JIa C€ U3MEPST MEeHCTBUTETHUTE CKOPOCTH Ha BATHpa Hax 20 m/s, a caMo
Jla C€ PeTUCTPUpAT KaTo HaJMYHHU TIOJI00HU CITyJau.

Ha ®wur. 3 e npeacTtaBeHO YECTOTHOTO pa3Npe/iesieHHe — MO0 OTHOCUTEIHU YE€CTOTH
f (%) Ha MakcuManHaTa CKOPOCT Ha BAThpa Vmax, Mojiy4eHa Bb3 OCHOBA HA JaHHU OT
CHOTBETHHTE MaKCHUMAJIHH CKOPOCTH PETUCTPUPAHU B HAKOE OT CPOYHHUTE HAOIIOMEHIS
B METEOpOJIOrHYHa cTaHIus KapioBo 3a H3MON3BaHUTE TIEPUOTH.

CroifHOCTHTE TI0 abcIycara U TyK ce OTHACAT 3a JOJHATa TPaHUIa HA ChOTBETHHS
WHTEpBaJI W cieaBa Aa ce derar ,,om 0 do 1.9 m/s”, ,om 2 do 3.9 m/s ” W T.H..
OTHOCHTETHNTE YECTOTH, KOUTO Ca HE3HAYUTEIHH HE C€ BIDKAAT Ha (urypara, HO
MOCJIeZIHATA O3Ha4eHa TpaJlallisl 1Mo alcIpcaTta BCHUTHOCT € W TOCJenHara, B KOSTO
ToTIaj1a HAKAKbB, Makap ¥ MUHHMaJeH Opoli cioydan. Hampumep: 3a pasmpeneneHneTo
Ha Vmax ¥ 3a JBaTa pasmIexkIaHH NEproAa IMocienHara rpamganus € ,,om 20 m/s u
no-6ucoku’”, KaTo B Hes momajgar ¢boTBETHO 192 m 60 ciydas cwcrasimsBamu 1.8%
OTHOCHTEIHA YECTOTA U B JIBETE N3BAJIKU.

Tadauna 3 Onenku 3a cpennara (AVE) cToifHOCT Ha MakcMMalHaTa CKOpOCT Ha BAThpa Vmax
(m/s). Kapnoo

Vmax m/s (1981 —2010T.)
I 1T I VI A% VI VII | VIII | XI X XI XII
N 899 | 874 | 868 | 870 | 885 | 900 | 868 | 890 | 913 | 930 | 930 | 930
AVE | 29 35 3.8 3.9 3.6 4.2 4.1 3.6 34 2.5 2.7 2.7
Vmax m/s (2003 — ¢peBpyapu 2013 1)
I I I VI A% VI VII | VIII | XI X XI XII
N 341 | 222 | 279 | 248 | 278 | 248 | 248 | 270 | 261 | 310 | 278 | 310
AVE | 3.0 3.0 43 3.9 39 43 43 3.8 3.0 2.3 2.3 2.0

X-ka

X-ka

Kapnogo (1981 - 2010) Kapnoso (2003 - 11.2013)

80 5 80 3
= 60 ] - 60
< 40 —— < 40 +—

20 4 20 ] _‘,_|H

03 ‘!_!—I f T T T f d 0 1 T i 1 T T T T f i

>0 2 4 6 8 10 12 14 16 18 20 =0 2 4 6 8 10 12 14 16 18 20
V max (m/s) V max (m/s)

@ur. 3 YecToTHO pa3mpeneseHre Ha MaKCHMaTHaTa CKOPOCT Ha BATBpa Vmax (m/s) B
Kapnogo.
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Pesynrarute mokasBar, 4e pasriiexkKIaHOTO paslpe/ieieHre, OIIEHEHO 110 JaHHH 3a
nocieaaute gecetnHa roguan (2003 — gpespyapu 2013 2.), He ce pa3nndaBa cbieCneeHo
OT pasIpeeIeHueTO OTHACAIIO ce 3a pedepeHTHHs 30-ToauIIeH KINMaTHIeH Tepruol
(1981 — 2010 2.) WsxmroueHne TpaBU MO-ToleMUst OpOi Cilydau B rpajaius oT 2 110
3.9 m/s B cpaBHeHue ¢ Ta3u ot 0 1o 1.9 m/s, karo Ha mpakTuka Hag 50% oT cirydauTe
ca ChCPEIOTOYCHU B MbpBHUTE Ba nHTepBana (Tadmuma 4). U 3a nBara nmeprnoma Vmax
nomaja Hait-uecto (37% u 27%) B mHTepBana Ao 4 m/s (kvdemo nonada u maxa
HapeueHomo ,,muxo’’), a CIlydauTe Ha CHJICH BATHP ChC CKOPOCT > 16 m/s ce oka3Bar
pearHa 4acT OT paslpeelIeHNeTO Ha MaKCUMAallHaTa CKOPOCT Ha BIThpa OTYETEHA OT
CpoUHUTE HAOMONEeHUs — ChbOTBETHO 2.8% 1 2.2% wmu 304 u 74 cnyqas (Tabmuma 4).

Konkoro 10 90-us npolieHTHI1, HaJ KOMTO € 30HaTa Ha eKCTPEMHUTE CTOMHOCTH, 32
pasTIeKTAHUTE IBE PA3NPEISICHIS, TOH € 8 m/s, T.e. CTOWHOCTUTE Ha Vmax Hax 8 m/s
ca eKCTPEeMHH — PSIIKO HAOIIONaBaH!, HO BE3MOXKHH, TIPE/ICTABIIABAIIN peajiHa 4acT OT
pasmpeesIeHHeTo U Ha MaKCUMaTHAaTa CKOPOCT Ha BATHpa (om cpounume Habniooenust).

Hyﬂcamm Ha BATbHpPa

B Tabmuma 4 e mpeacTaBeHo YeCTOTHOTO paslpeNielieHne — 10 OTHOCHTEHA Y€CTOTH
f (%) na mMakcuMasnHaTa CKOPOCT Ha BATbpa pu myJacauun VP (m/s) 1o (nanuunume)
naHHM OT HaOmroneHus 3a nepuoaute 1991 — 2012 . u 2003 — 2012 r. B rp. Kaproso.

Tabauua 4 Pasznpenenenne Ha V max (m/s) no otHocutenuu uyectoru f (%) . Kapnoso.

V m/s >0 2 4 6 8 10 12 14 16 18 20 | Cyma

1981-2010 | 33.6[375(130( 54 | 3.7 | 1.5 | 1.8 | 05 | 1.0 | 0.0 | 1.8 | 100%

2003 - 11.2013 | 37.1 [ 265|176 | 7.6 | 47 | 23 | 1.1 | 09 | 04 | 0.0 | 1.8 | 100%

OsnaveHusiTa MO adcIycaTa ce OTHACAT M B Clydas 3a JIONHATa TPaHWIA Ha
WHTEPBAIHTE U CIICABA Ja Ce 4erar: ,,om 14— 0o 15.9 m/s”; ,,om 16 —00 17.9 m/s” u
Ip., KOETO MO3BOJISIBA JIa CE OTYUTAT KOPEKTHO CTOMHOCTUTE 32 MAKCUMAITHH MTyJICAI[H
> 16 m/s (cmounocmume > 14 m/s ce omuacam no oepuHuyUs 3a CUlIeH 8AMvD).

Kapnoso (1991 - 2012) Kapnoso (2003 - 2012)
100 7 100
80 - 80
R 38 X B0
- - 40
- 20 ':'—’7 = 20 -:|—'7
o T T 0 T T

= 14 16 18 20 = 14 16 18 20
Vpmax (m/s) Vpmax (m/s)

®@ur. 4 YectoTHO pasmpenencane Ha VP (m/s) mo ganau oT Kapmoso.
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®ur. 4 mokasea, uye pasmnpeneneHuero Ha VP o (m/s) OUEHEHO MO JIAHHW 32
necerunerueto 2003 - 2012 r. mpakTUYecKH HE ce pas3jinyaBa OT TOBA OTHACALIO CE
3a m3nomBaHus pedepenteH nepuon 1991 — 2012 . (¢ cayuaa 22-eoouwen). lpn
TOBa, B CITydas CTaBa JyMa 3a Hal-BUCOKHTE CTOWHOCTH Ha CKOPOCTTa Ha BATHpa
(maxcumannume nyncayuu VP, ), 32 9UATO peaU3anus € HEOOXOIUM MO-IAbJIBI TIEPHOJ
OT BpeMe, JIOKOJIKOTO ca TO-peIKd Karo choutus. Yecrorara Ha peann3upaHe Ha
IyJICAllMK Ha BATBPA ChC CKOpoCT VP > 16 m/s € MHOTO TOJIIMa U 3a JiBaTa IIEpHoJIa -
91% u 88% wmu 371 n 98 peanuzanuu ot 06110 409-Te 1 112-Te n3caenBaHu cirydas Ha
cuner eamuvp (> 14 m/s) chbOTBETHO 3a ABara u3cinensanu nepuona (Tabdmwma 5).

Tabauna S Pasnpenenenne na VP (m/s) no ornocutenuu uecroru f (%) . Kapnoso.

Vpmax m/s >14 16 18 20 m/s Cyma
1991 - 2012 9.3 335 0.2 57.0 100%
2003 - 2012 12.5 25.0 0.9 61.6 100%

CroitHocTTa Ha 90-Us MPOLIEHTHI, HAJl KOWTO € 30HaTa Ha EKCTPEMHHUTE CTOMHOCTH,
3a pasmiexnanuTe pasnpenenenus € 20 m/s, T.e. crodnoctute Ha VP > 20 m/s B
pasmpeesIeHUeTo 10 JIaHHU OT J[BaTa MepHuojia ca eKCTPEMHHU — PSJIKO HAOJIr0aBaHH,
HO HEM3MEHHA YacT OT Pa3MpeICICHUETO Ha MAKCUMAJIHUTE IyJICAllii Ha CKOPOCTTa
Ha BATBHpa.

Ha ®wur. 5 e npeacTaBeHO YECTOTHOTO pa3Npe/iesieHHe — M0 OTHOCUTEIHU YE€CTOTH
f (%) na mpogpmxuTennoctta D (vacose) Ha MakCUMaTHUTE MyJICALUU HA BATHpa. Te
ca IOJy4YeHHU Bb3 OCHOBA Ha JaHHUTE OT HaOroneHusTa B Kapioso 3a nepuogure 1991
—2012 1. m 2003 — 2012 r.. CroitHOCTHTE TI0 abcIKcara B TO3M CJIydail € OTHACST 3a
ropHara TpaHWIla Ha CHOTBETHHSI MHTEPBAI U CIEABa Ja c€ 4Yerar ,,00 17, ,00 2” u
p.. [lokazanure mociaeaHu rpaganu - ,,00 23 uyaca” u ,,00 17 yaca” ca mpeacTaBeHU
cpoTBeTHO C 0.3% 1 1.3% OTHOCHTEIHA YECTOTAa 32 BCEKH OT JBaTa Mepuoa.

Cnenpa na oroenexum, ye Our. 5 ce oTHacs 3a pasnpeneneHus GOpMUPAHU 10 OaHHU
3a mouHo omyemena npoovixcumennocm D (uacose) na ycnosus cvc cunen 8amup,
Jokaro Ha dur. 6 ca moka3aHU aHAJOTHYHHU PA3MPEICICHHS, HO ChCTABCHH Bh3 OCHOBA
Ha OaHHU 30 NPUOTUSUMETHO ONPEOCeHU HAYAL0 U/uiu Kpai (npoovidicumenHocn)
D' (yacose) na senenuemo. ObeMuTe Ha M3BATKUTE 3a JBaTa W3IMOJ3BAHU OCHOBHU
nepuona 1991 —2012 . 12003 —2012 . cacworBetHo 3221 793aD,u87u33-3aD’.

Pesynrarute mokasear, ue Ipu CUJICH BATHD (= 14 m/s) M TOYHO OTYETCHU HAYAJIO U
Kpai Ha nporieca, IPOIbJIKUTEIHOCTH JI0 4 Yaca BKIFOUUTEITHO ChCTABIISBAT ChOTBETHO
51% u 60% ot cimyuaurte npe3 nepuoaure 1991 — 2012 . u 2003 — 2012 . (Pwur.
5). 3a ciaydaure ¢ NPUOTU3UTEIIHO ONPEACICHU HAJyalo W/WIM Kpal Ha IyJICalluuTe
CTOMHOCTHTE JI0 OKOJIO 7 Yaca ca MPEACTABEHH C MOBeYe OT MOJIOBHHATA Pean3aliii,
croTBeTHO 61% 1 64% 3a mBara mepuoma 1991 — 2012 . u 2003 — 2012 r. (Dwur. 6).
Bwxka ce cbIlo, 4e ca Bb3MOXKHHU, MaKap M JOCTa PEIKH, CIydad Ha IYyJICAIlMH ChC
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CWJICH BSITHP JOCTUTAIHU MPOABIDKATEIHOCT OT TIOYTH IIsT0 fAeHoHouwme (17, 21 u 23
yaca).

Kapnoso (1991 - 2012) Kapnoso (2003 - 2012)

S35 7T 9 MR <1 2345678 9101121314151617

D (yacoBe) ) D (vacoee)

®@ur. 5 YectoTHo pasnpenenenue Ha D (wacoBe) 3a paznuynu nepuoau. Kapnoso

Kapnoso (1991 - 2012) Kaprnogo (2003 - 2012)
50 5 _ 50 5
R E
T3 £ 30
v 203 e
1g§:|!—‘!\’_‘_|\\|\!_!_i—\llwﬂ 1g§?ﬂ:ﬂﬂ.{_}ﬂ“.ﬂ
=1 3 58 7 9 1113 1517 19 A <1 3 5 7 9 11 131517 19 21
D' (vacose) D' (uacose)

®ur. 6 YecrotHo pasnpenenenue Ha D’ (wacoBe) 3a pazinuunu nepuoau. Kapioso

B TaGmuna 6 ca npexactaBeHd JaHHU 3a Oposl Cilydad ¢ MakCUMaJjlHa CKOPOCT Ha
BATBPA NpuU myscauuu VP > 16 m/s perucTpupany Ipe3 MOCOYEHOTO JIECETHIIETHE
(2003 — 2012 2.). Ot tabnunara ce BIXKIa, 4e OposiT UM € cpeqHo okomo 10 — 11
roguiHo. CpeaHOMECeUHUSIT UM Opoil € 1o OKOJIO 2 JTHH IIpe3 MO-rojisiMara 4acT OT
rOJIMHATA, KaToO MPe3 TOIUIOTO MOYyroaue (om mail 00 oKmomepu) Te3H Cilydau ca Io-
MAaJIKO OTKOJIKOTO Tpe3 CTYAEHOTO (0m Hoemspu 00 anpui) B cbotHoenue 40% : 60%,
a Haii-4ecTu ca Te npe3 QpeBpyapu (cpedno 3 ouu).
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Tabnuua 6 bpoit ciaywam ¢ VP > 16 m/s npe3 nepuona 2003 — 2012 r. m MakcuManHa
peTUCTpUpaHa Mpe3 TOIHATa CKOPOCT Ha BATHpa V'max (m/s)

IFogmwa | I | II |0 | IV |V [ VI | VII | VIII | IX | X | XI | XII | lom. ‘(7::;:;
2003 3 2 1 1 2 2 1 1 3 5 21 >20
2004 1 7 2] 2 3 1 16 >20
2005 1 1 2 20

2006%*
2007 6 1 1 8 >20
2008 1 1 1 1 1 2 1 1 1 10 >20
2009 2 1 3 20
2010 1 2 2 2|2 3 12 20
2011 1 3 2 2 1 10 20
2012 3 4 1 1 2 15 20

O0mo |12 |16 [ 10| 5 | 6 | 9 4 6 7173 12 97 20

*TIpes 2006 ¢ Kapnoso uma npexvcéane na HabmooeHusma

MakcuMaHa CKOPOCT HA BSITHPA C MePHOI HA MOBTOPeHHe BeAHB:K Ha 50
TOHHHI

[IpecmsaTanusTa Ha HALITK ABTOPH, U3ITBJIHESHU I10 TOJIIM 00€M JIaHHU OT MHOTO CTaHIIUU
B CTpaHaTa, C IeJl KapTUpaHe Ha HaTOBapBaHETO OT BATHD (AJsekcanapoB B. u np.,
2011) moka3BaT, ye CTOMHOCTUTE Ha CKOPOCTTa Ha BAThbpa B paslIekJaHMs pailoH,
KOWUTO Morar Ja Obaar HaONroAaBaHM 3a €IUH MO-NPOIBIIKUTENICH TIEPHO OT BpeMe
ca MHOTO BHCOKH. AHAJIIM3BT MTOKa3Ba, Y€ MOHE BeAHBK Ha 50 roguHu Morar Ja Obaar
JIOCTUTHATH Y HAJBUIICHU CTOMHOCTH OT 36 — 37 m/s (npu decemmumnymeHn unmepsan
Ha ocpeonenue). [1omoOHN CKOPOCTH HA BSIThpa ChOTBETCTBAT Ha okoyio 130 km/h n
MOpakaaT BETPOBO HaroBapBaHe oT okoio 0.8 kN/m?. Ciensa na ce UMa MpeaBHUI, Ue
HE € 3abJDKUTEITHO CTOWHOCTUTE ChOTBETCTBALIM Ha JIA/ICH MEPHO]] Ha IOBTOPEHUE Ja
Ob/1aT MpeBUIIaBaHU HA BCEKU TaKbB NIEPHOJ Ha MOBTOpeHHUe. Taka ChOTBETCTBUETO Ha
cToitHOCTH OT 37 m/s Ha mepuoj Ha oBTOpeHHe 50 rogMHN He O3HAayaBa, 4e Ha BCSKO
50-netue te me Opaar HaaBunasanu. B nageno 50-netue Te morar 1a ObaaT HaABUIIEHU
BEJIHBXK, B JIPYTO - TOBEUYE OT BEJHBK, & B TPETO — HUTO BEJIHBK M HAMA HavYaJlHA TOYKa
3a oTOposiBaHe Ha TOBa netaeceTwieTiHe. CMUCHIBT Ha TO3H KIMMaTHYEH MTOKa3aTell € B
00CTOSTENICTBOTO, Y€ TOBA € HAIIBJIHO Bb3MOKHA peasiHa CKOPOCT Ha BITHPA, 3a paiioHa,
KOSITO BBIIPEKH Y€ € PSIKO SIBIICHHE - TOJKOBA PSJIKO, Ye MOXKE J1a ce O4akBa Jia Obae
JOCTUTHATa ¥ Ha/IBUIICHA Hall-MaJIKO BEAHBXK 3a epuoll oT 50 TOIMHU (Kamo 6 cviyus
nepuoo modice 0a ce pearusupa u CMoUuHOCH ¢ Repuood Ha nogmoperue 6eonvaic Ha 100
U noseue 200UHuL).
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3AKVIIOYEHHUE

OHCHKaTa Ha CBBPEMCHHUAT PCKHUM Ha BIAThpa B Kap.HOBCKOTO KOTJIOBUHHO IIOJIC
€ M3BBPILICHA TOCPEACTBOM CpaBHCHHE Ha TIONyYEHHTE pE3ylTard OT JIaHHH 3a
pedepenren nepuox (1981 — 2010 r.) u aeceruneruero 2003 — 2012 r. YcraHOBEHO
€, Y¢ MaKCHUMAaJIHUTE CKOPOCTH Ha BITbpa Haif-uecto (oxorno 30% om cnyuaume) ca
10 4 m/s, KaTo BETPOBE ChC CKOPOCT > 16 m/s cheraBisBar okoso 2 — 3% oT o0mus
Opoii cmyyan. EkcTpeMHHM B pa3npeielieHueTo Ha MaKCUMallHaTa CKOPOCT Ha BAThpa ca
CTOMHOCTH HaJ § m/s, KaTo ce HaOIlIoaBaT ciy4an ChC CKOPOCTH Ha BATHPA MO-TOJIEMU
ot 20 m/s.

Wzcnensan e pe:KUMBT Ha MAaKCUMAaITHHUTE ITyJICalliy Ha BITHpa (> 16 m/s) B paiioHa
Ha rpax Kaproso. Uectorara UM Ha MPOSIBICHHE B KOTJIOBUHHOTO TOJIE CHCTABIISIBA
okosio 90% oT ciyunTte ¢hC CUIICH BATHP (> 14 m/s). YcTaHOBEHO, € Y€ SKCTPEMHHU
ca CTOMHOCTHUTE Ha MAaKCUMAJTHUTE MYJICAllMU Ha BATHpa Haja 20 m/s, IpeCTaBIIsBIIH
okosto 60% oT o0mms Opoil ciay4am CbhC CHJICH BSTHP. AHAIM3BT IIOKa3Ba, 4Ye
MPOIBIDKUTETHOCTTA Ha MyJICAllMUTE Ha BATHpa Haii-uecto e 1o 4 yaca (0o 60% om
cyuaume), KaTo ChIIEBPEMEHHO Ca Bb3MOXKHHU MPOIBIDKUTEIHN TIEPHOIHN C MYJICAIH
nocturamy o 23 yaca (0.3% om obwus Opoil cayuau). CpeJHOTONUIIHUAT OpOH Ha
MyJICalluy B CKOPOCTTA Ha BIATHpa > 16 m/s peructpupanu npes3 aecermierrero 2003
— 2012 r. e okono 10 ronuiIHO, a CPEAHOMECEUHUAT OKOJI0 2 AHH. TsaxHaTa yecTora €
MO-MaJika Mpe3 TOIUIOTO MONYyroAue (Mati — OKMoMEpu) OTKOIKOTO MPe3 CTyACHOTO B
cpoTHOIIeHUE 40%:60%, Karo Hail-4ecTH ca Te mpe3 PeBpyapu — 3 THU CPETHOMECEUHO
3a nepuoaa 2003 — 2012 r. CtoifHOCTHTE HAa MaKCHMaHaTa CKOPOCT MpPH ITyJICalluy Ha
BATHpPA B pa3ITICKIAHUA paﬁOH, KOHUTO MoOrart aa 6’I)I[aT JOCTHUI'HATU U HAABUIIICHU ITOHEC
BeJHBK 32 iepuoj ot S0 ronunu ca 37 m/s (oxono 130 km/h) 1 TOBa ca 0COOEHO OmMacHU
yparaHH# BETPOBE, OKA3BaIlld BETPOBO HATOBapBaHe OT okoo 0.8 kN/m?.

JIMTEPATYPA

Cn0es JI. u CB. CraneB, KiimmarnununTe paiionn Ha bbarapus u Texaust kmmart, 1959, Tpynose
Ha UIMX, Tom V

Meceuen OronetriH Ha HUMX 3a Anpun 2013 1

Anexcanapos B., I1. iBanoB, OT4eT OTHOCHO HAaTOBapBaHUs OT BATHP B CTpaHaTa 110 JOrOBOPHA
3agada mexny HUMX u MPPB, 2011 r

53



Bulgarian Journal of Meteorology and Hydrology

Bulgarian National Institute
Academy , of Meteorology
of Sciences 1869 and Hydrology

Bul. J. Meteo & Hydro 19/1-2 (2014) 54-62

Some special climatic characteristics for extreme conditions in
the field of precipitations in the region of Karlovo valley

Anelia Gocheva, Tihomir Denev, Tzvetan Dimitrov

Abstract: The results of research which was carried out, show that the distributions of
diurnal amount of precipitation for region of Karlovo valley in annual plan do not differ
for the both investigated periods: the decade 2003-2012 and the reference climatic period
1981-2010, especially for the extreme values (rare events). The regime of diurnal amount of
abundant precipitations and 24-hour intense rainfall in the region is studied The maximum
24-hour rainfall values with different return period for Karlovo, Kalofer and Rozino are
determined. The values of diurnal precipitation amounts once at 100 years can reach up to
100-130 mm.

Keywords: Assessments of precipitations, amount of precipitations with different return
period, extreme rainfalls.

Hsixou cnenua u3uMpann KIMMATHYHHA XaPAKTEPUCTHUKH 32
eKCTPEeMHH YCJIOBHSI B M0JIETO HA BaJIesKNTe B PaiiloHa Ha
Kapaosckorto moJie

Amnenus I'oueBa, Tuxomup enes, lIBeran JIumurpon”

Hayuonanen uncmumym no memeoponozaus u xuoponoeusi — bAH,
oyn. Llapuepaocko woce 66, 1784 Cogus

Pesome: Pesynrature oT HalmpaBEHOTO IPOYYBAHE IIOKA3BaT, Y€ pas3lpelelICHUsATa Ha
JICHOHOILHUTE BaJICKHY KOJIMYECTBA 3a palloHa HA Kaprosckomo none B TOAULICH IIJIaH HE
Cce pa3iIMJaBar 3a ABara pasniekaany nepuoza: gecetmiernero 2003 —2012 . u pedpeperen
xiuMarmder nepuox 1981 — 2010 ., ocoOeHO 3a eKCTPEeMHHTE CTOWHOCTHU (no-peokume
cvoumust). Vzcnensan e pe)KUMBT Ha OOMJIHUTE JICHOHOIIHM U MHTEH3HBHUTE BAJIC)KHU B

*  tzvetan.dimitrov@meteo.bg
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pernona. Onpe/ienieHl ca CTOWHOCTHTE Ha MAKCUMAJTHUTE JICHOHOIHU BaJIGXKH C pa3inyHa
obesmneuenoct 3a Kapmoso, Kanodep u Posuno. CroiiHocTHTe Ha 24-4acOBHTE Balle)KHH
kosmmuecTBa BeAubK Ha 100 roguau Morar na goctursar g0 100 — 130 mm.

KnwuoBu AYMH: OLCHKH Ha BAJIC)KHUTC, BAJIC)KU C pas3jiMyHa 06e3He‘ieHOCT, CKCTPEMHU
BAJICKH.

YBOJ[

OOexT Ha wH3cIeOBAaHE € PEXUMBT Ha BaICKHUTE B Kapnosckomo KOmMIOBUHHO
noje, 3a€Mallo OTHOCUTEIHO TSCHA MBHIA, PA3IOJIOKEHA B I'PAaHMYHHUTE YacTH Ha
Knumamuunusa Pation na Msmounume 3aodanxkancku Ilonema cbe cpeHa HaAMOPCKa
BucounHa okoio 400 m u 3aobankancxkus Huckonnanuncku Knumamuuen Pation, ¢
Haamopcka BucounHa 500 — 1000 m (Cwv6eB JI. u ap., 1959).

Ha ®ur. 1 e nokaszan pasmiexnaanus paiioH Ha Kaproeckomo none ¢ AeACTBAINTE
B paliOHa CTaHIMM OT METEOpPOJOrMYyHaTa Mpexka Ha HauumoHamHUS MHCTUTYT MO
Mmeteopoiorus u xuaponorust (HUMX) — kaumamuuna cmanyus Kapnoso (¢ 3-cpounu
nHadmodenus 6 7, 14 u 21 uaca), Kakto U 0vocoomepru cmanyuu Pozuno n Kanogep.
MankuTte pa3CTOSIHUASL MEXKAY IYHKTOBETE, OJIM3KMTE UM HAaJMOPCKH BHUCOYMHH H
00CTOSATEJICTBOTO, Y€ MOIMAAAT B TCHA UBUIIA ChC CXOTHH KIMMATUYHH YCIOBUSL, IPABAT
Kapnoso, Posuno u Kanogep noaxonsiu npeacTaBUTeIHE METEOPOIIOTHYHHU TyHKTOBE
3a OLICHKA Ha KJIMMaTa B pa3MIeKIaHus paiioH.

PascrosiHusATa MEXIy TE3W MYHKTOBE MO BB3AYX Ca ChOTBETHO: Poszuno — Kvpuape
— okono 7 km, Kepuape — Conom — 11 km, Conom — Kapnoso — 4.5 km n Kapnoso —
Kanogep — 15 km, a cpennure UM HagMOPCKH BHUCOYMHHM C€a, KaKTo ciensa: Posuno,
Kvpuape u Kanoghep — oxono 600 m (500 - 700 m), Conom n Kapnogo — oxono 400 m
(300 - 500 m).

®ur. 1 KapaoBCKOTO M0JIE€ C MECTOMONIOKEHUE HA METEOPOIOTMYHHUTE CTaHIUH
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TAHHU

OcHoBa 3a IpecMsATaHHATA ca HAOIIOACHUATA Ha JCHOHOILIHWUTE Banexu (24-yacosu
CyMu) U MHTEH3UBHUTE TBXKIOBE (0OMUUmanu no na08uocpaghHu ienmit) OT KAUMAmuyHa
cmanyus Kapnoso, a B 1o0aBKa ChIO ¥ HAOIIOACHUATA 32 BAICKHUTE OT ObIHCOOMEPHU
cmanyuu Pozuno u Kanogep.

JlaHHuTe 3a JCHOHOIIHUTE BAJICKHU CyMHU I (mm) ce oTHacAT 3a nmepuoga 1981 —
2012 r, a B JOIIBJIHEHKE, NIPU MPECMATaHUs HAa MeceyHa 0a3a ca OTYETECHH TE3H U 3a
Hayanoro Ha 2013 1. (0o ¢espyapu sxarouumenno). 3a nareH3uBHUTE IHKI0BE 1P ca
W3I0JI3BaHU JaHHHUTE OT IuItoBHOrpadHuTE IeHTH oT Kaproso 3a mepuona 2003 — 2007
I., CIIe/l KOETO JIeHTH OT Kapnoso HaMa (iunceam cvuyo 0anuu u 3a 2006 2.).

OLEHKH HA BAJIEXKUTE

Ha ®wur. 2 ca mpencraBeHn YeCTOTHUTE PasNpENeleHNs — 10 OTHOCHTETHH YeCTOTH
f (%) Ha neHoHomHUTE (24-uacosu) Balle)KHUTE KOIMYECTBA I' (mm) U3MEPEHH MPH
eXeHEBHUTE HAOIIOJICHUS B METEOPOJIOTHYHU CTaHIUuu Kapioso, Pozuno u Karogep,
cpoTBeTHO 3a mepuomute 1981 — 2010 . m 2003 — 2012 . (a 6 Hakou ciyyau, npu
npecmMAmManus Hali-eeve Ha meceuna basa, u 0o ¢espyapu 2013 2.).

CroiiHocTHTEe TO alcIicara ce OTHACAT 3a JOJIHATa TpaHUIa Ha CHOTBETHHS
WHTEpBaJ U cliefiBa 1a ce 4erar ,.,om 0 0o 9.9”, ,om 10 oo 19.9”, ,om 20 oo 29.9” ...
,»0m 40 00 49.9” u ip. OTHOCUTEITHUTE YECTOTH, KOUTO Ca HE3HAYUTEITHU MOXKE 1 J1a He
ce BIDKJAT Ha (Urypara, HO IMociIefHaTa O3HadeHa rpajarws o adbciucara BChITHOCT €
Y TIOCIIE/THATA, B KOSITO TI0TIa/1a HAKAKbB, Makap U MUHUMalleH Opoi cirydau, BOZETI 10
pasirdHa OT HyJia OTHOCHUTEIIHA YeCTOTA.

Taka 3a pasmpenenenusta Ha r (mm) 3a IBata pasmexIaHu rnepuoaa B Kapioso,
MOCIIEHATE Tpajanuu ¢ oTHocuTenHa yectora 0.1% ca ,,om 40 00 49.9 mm” n ,,om 50
00 59.9 mm”, Karo B TX momajar choTBeTHO 11 1 2 cimydas (ezasucumo ye uma owge
6 cnyuas 6 no-sucoxu epadayuu 3a nepuooa 1981-2010 é., koumo obaue cocmagnasam
npaKkmu4ecky Hyjiesa OMHOCUMENHA YeCmoma Ha (ona Ha odwus Opoli U3NoN38aHU
Oannu). 3a Pozuno ToBa e rpaganus ,,om 50 0o 59.9 mm’ v 3a qBara rneprojaa, CbOTBETHO
¢ abcomoTHY YecToTn (peanuzayuu) 5 u 2 cirydas, a 3a Karogep B untepsana ,,om 80
0o 89.9 mm” monanar chOTBETHO C 3 U 2 cirydas.

Pesynrarute B monero Ha Bajeka IOKa3BaT, Y€ PasMVIeKTAaHOTO pasIpe/eieHre
OIIEHEHO 10 AaHHU 3a necetmietuero 2003 — ¢espyapu 2013 1. mpakTHYEeCKH He ce
pasnuuaBa OT pasmpeneneHneTo 3a pedepeHTHrs kimMatwueH mepuox 1981 — 2010
r.. ToBa mo3BonsiBa /1a ce HampaBW HM3BOAA, Y€ TPe3 TOCIEIHUTE JECETHICTHS He
ce HaOMOAaBaT CHIIECTBEHH KIMMATHYHH OTKIIOHEHHS B PEKUMa Ha BAJCKUTE B
pasmieKIaHus paiioH BONEIIM IO OTKJIOHEHUS 8 pA3NpeOeleHUemo HA BaledlCHUme
cymu no Konuyecmeo. BBB BCUUYKH pasIvielaHU paslpeNieleHus Tpajalusara ¢ Hai-
roysiMa 4ectota e mepBara (,,om 0 0o 9.9 mm”, kamo 6 nest nonadam u 6e3sanexncHume
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onu) — 90% u noseue 3a Kaproso, nan 80 — 85% 3a Pozuno, n oxono 85% 3a Kanogep.
HezaBucumo or TOBa, BUABT Ha paslpeAceHusITa € ,,i-oopaseH” U BbB BTOpaTa IO
4yecToTa rpaganus - ,.om 1000 19.9 mm”, nonanar Haii-uecto 5% no 10% ot cnyqaure.
[IpoBeneHUAT aHAIN3 1TOKa3a, Y€ CTOMHOCTUTE HA ICHOHOIIHUTE BaJe)KHU cyMH Hax 10
— 15 mm ca Bede eKCTPEeMHH (PeoKl, HO 8b3MONCHU CHOUMUSL, NPEOCMABIABAWU PedHA
yacm om noiemo Ha GaLeHCUmMe 6 pazenedcoaHsl paiom).

Kapnoso (1981 - 2010) Kapnoso (2003 - 11.2013)
100 100
80 80
£ 60 T 6o
- 40 - 40
20 20
0 t T T ) 0 T T
>0 10 20 30 40 =0 10 20 30 40 50
r (mm) r (mm)
PosuHo (1981 - 2010) PoauHo (2003 - 11.2013)
100 100
80 80
g a0 F 60
= 40 = 40
20 20
O T 1 0 T T
0 10 20 30 40 50 20 10 20 30 40 50
r (mm) r (mm)
Kanodpep (1981 - 2010) Kanodep (2003 - 2012)
100 100
80 80
£ 60 F 60
= 40 - 40
20 20
0 Y T T T T T ] 0 T T T T T T ]
20 10 20 30 40 50 60 70 80 =0 10 20 30 40 50 60 70 80
r (mm) r (mm)

@ur. 2 YecTOTHO pa3npeaeseHue Ha BAIEKHUTE KOJIMYECTBA I' (MMm) M0 CTAHIUU U IEPUOIH.

Peructpupanute ciry4an ¢ oOWIIeH JIEHOHOIICH Banex (r > 2(0) mm) 3a MepUOANTE
1981 —2010 . u necernneruero 2003 — pespyapu 2013 . ca 166 u 63 (uau 2% u 3.7%)
B Kapnoso, 219 n 92 (unu 4.7% u 6.3%) — B Posuno n 230 u 76 (uru 4.9% u 5%) —
B Kanogep. JleBetneceTnte MPOLEHTHIIN, HAJ KOUTO Ca €KCTPEMHUTE CTOWHOCTH 3a
JICHOHOIITHUTE BAJIC)KHU CyMHU B pa3IVISKIAHUTE paslpeIeIeHUs ca OIICHeHH U 3a JiBaTa
nepuona. Te ca cborBeTHO 7 mm u 10 mm 3a Kapnoeo, 13 mm u 15 mm 3a Po3uno, Kakto
u 13 mmu 14 mm 3a Kanoghep.

Ot Tabmuma 1, B xosiTo € nazeH Opos ciaydan N ¢ OOWIHM BaJie)KH 32 Pa3IHYHU
MEPHONIN TI0 MECEIIH, CE€ BIK/A, Y€ OPOAT UM € cpefHo okoio 5 — 10 rogumHo (6 — 7 6
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Kapnoso, 7 — 8 ¢ Kanoghep u 9 — 10 6 Posuno 3a nepuooa 2003 — 2012 2. u cvomeemmo
5 — 6 6 Kapnoso u 7 — 8 6 Kanogep u Posuno 3a nepuoda 1981 — 2010 2.), xaro npe3
TOILUIOTO MOJyrofue (om mai 0o OKmomepu) TE3U CllydaH ca IOBedYe OTKOJIKOTO Ipe3
cTyaeHoto (om Hoemspu 0o anpun) B cboTHOIEHHE 70% kbM 30% 32 nepuona 2003 —
2012 . u 60% - 65% xbM 40% - 35% 3a nepuoga 1981 —2010 .

Tadauna 1 Bpoii ciiyyan N ¢ 0OMIHN I€HOHOIIHY BaexH (r > 20 mm) 3a pa3IMyHy NEPHOJIH,
CBHOTBETEH MAaKCUMaJICH rO/IUIIeH 24-4acoB BaJIeK r*max (mm) U Jata Ha SBJI€HUETO

Topuna | I |11 [II[IV| V [VI|VII| VIII [ IX | X [ XI [ XII | Tox. | r'max (mm)
Kapnoso*
1981-2010 | 3 | 5 [11]13|17[29]|26| 16 |14 | 8 | 12| 12 | 166 87.9
(29.V.1996 2.)
58.2 (13.
2003-2012 4 |0 |3 |4]10|7|14] 6 | 4|43 ]| 4 63 VI[.20(052.)
Po3zuno
58.5 (02.
1981-2010 | 10|13 |13]12(20(30| 27| 26 |14 [ 15| 16| 23 | 219 VII.]9(912.)
53 (25.
2003-2012 | 8 |4 |6 |29 |11|11] 15 |5 |12]5]| 4 92 VII.20(103.)
Kanogep
1981-2010 | 9 |10 [14|18(26(30(37 | 22 |22 |14 | 14| 14 | 230 100.8
(21.V1.1991 2.)
1003
2003-2012 | 3 [3|5|5(5]6|16| 11 [ 9] 73] 3 76 (07.
VIIL20042.)

*[Ipes 2006 6 Kapnoso uma docma npekvceanus Ha HAOM0O0eHuAma

BAJIEKU C PA3JIMYHA OBE3INEYEHOCT

3a menMTe Ha aHAJIN3a € BaYKHO /1a C€ OLICHST U CTOWHOCTHUTE Ha BAJIEXKA B PA3IIICKIAHHS
paiioH, KOuTO Morar aa ObJaT HaJABMIICHHU [IOHE BEAHBX 3a HAKAKbB MHTEPBAJ BpeMe
RP, napuuan nepuoo na nosmopenue (6 2o0unu), N3MOA3BaH MIMPOKO B MPHIIOKHATA
KJIMMATOJIOTHsI 1 0COOEHO 3a LIEJINTE Ha MHKEHEPHATa MPAaKTHUKA, KbAETO €A N3BECTHH
KaTO CTOWHOCTH € paziauyHa 00e3MeYeHOCT.

Jdannu

JlaHHuTE 32 BaJIe)KUTE OT METEOPOJOTMYHM CTaHUuuM Posuno, Kapnoso n Kanogep
¢dbopMHpaT OOCTAaTBYHO ABITH PEAMLM W IO3BOJSIBAT Ja CE HANpaBH OLICHKA 3a
CTOMHOCTHUTE C pa3inyHa 00E3MEUeHOCT. 3a LeNTa ca H3IO0J3BaHM HaOJIIofEHUSTa
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(opmupaly peauIy 3a rOAMIIHAA MaKCUMaJieH 24-4acoB Balex I (mm), CbOTBETHO
3a meproma 1930 — 2012 1. 3a Posuno u Kanoghep, n 1937 — 2012 1. 3a Kapnoso (c
omcmpaneHu 200uHume ¢ NPeKvCeanusi 8 HabI0OeHUIMa).

Metonuka

3a olleHKa Ha CTOWHOCTHUTE, KOUTO MOTar Ja ObIaT HaJBUILICHH IOHE BEAHBX 32 IEPUOJ
oT N rovHu B KIIMMATOJIOTHATA CE U3IOI3BAT YCIEIHO HAll-4eCTO HAKOIKO (QYHKIMH
(3aBapuna, M., 1976) — @umiep-Tuner 1l tun (@peuwse), Gumbel, mornopmaiHa, u ap.

B cnywas, TepceHnTe BEpOSTHOCTHM CTOMHOCTH CBHOTBETCTBAILIM Ha Pa3IMYHH
MEPUOAN HA TIOBTOPEHHE (KIUMAMU4Ha npocHo3a) ca OLEHEHH Ype3 CIMamucmuyecka
eKCmpanoaayus, Kato 3a apoKCUMalys Ha MHTerpaiHara GyHKIHs Ha pa3npeesieHue
e mnon3BaHa gyHkusaTa Ha Oumep-Turer I Tun (@Ppewe) o(b) = exp(-b/P)™*, x >
0 , xpuero @(b) € BeposATHOCTTA, Y€ X HAMA Oa Hadsuwu b, a B u | ca mapameTpu
Ha pasmnpenenenneTo. CpoTBeTHO AombaBamara 10 100% BeposATHOCT XapakTepusnpa
BB3MOXKHOCTTA JIafIeHaTa CTOWHOCT da ObOe Haosuuiena (kamo oyenkama mpsaoea oa
ce cbobpasu u ¢ NOCOKAMa Ha NOOPeHCOane Ha peouyama ¢ OaHHU).

Ouenku

Ha ®ur. 3 HamienHo € WiItocTpupaHa yCIHelIHaTa CTaTHCTHUECKaTa eKCTpanonanyus Ha
pasnIekIaHuTe peauur ¢ KoMeHTupaHara Gpynkuus Ha Oumep-Tuner Il Tun (Dpeue),
JOKOJIKOTO EMITUPUYHUTE TOUYKH C€ MTOAPEKIAT OKOJIO IIPABH JIMHUH C BUCOK KOS(HULIUEHT
Ha kopenauus R (%). Ha ueypama, 3a npeeneonocm, ca usnonzeanu ycio6Hu eOuHuyu
- peanrnume cmounocmu pazoenenu Ha 10.

B Tabmuua 2 ca najgeHd NOJTYYCHHTE OLEHKU 3a CTOMHOCTUTE Ha rmaxz“ (mm)
CHhOTBETCTBAIM Ha niepro] Ha nosropeHre RP Benubx Ha 100, 50, 20, 10 roquan (wiu
¢ obesneyenocm - eposmuocm 3a Henpesuuterue 99%, 98%, 95%, 90%), peCIeKTHBHO
¢ BeposTHOCT 3a mpesumienue 1%, 2%, 5%, 10%. (Obemwvm na uzeadxama No ce
paznudasa om Oposi 200UHU 8 NOCOUeHUs NEPUOOd, NOPAOU OMCLCMEUE HA HAOTHOOeHUs
8 HAKOU CIy4au, a U npeosud eapuayuume 8 usXoOHama peouya HeobXoouUMu 3d
nocmuzane HA MAKCUMAIHO GUCOK Koeguyuenm Ha Kopenayus.). MaxcuMyMmuTe
pETUCTPUpAHM TIPE3 M3CIIEABAHUS MEPHO B CTAHLMHUTE MPEACTABIILN PA3IICKIAHUSL
paiion ca cborBeTHO: 93 mm (03 anyapu 1979 2.) 8 Kapnoso, 97.6 mm (27 onu 1957 2.)
B Poszuno u 100.8 mm (21 ronu 1991 2.) B Kanodep, KoeTo € B IIbJIHO CHOTBETCTBHE U C
OLICHKHUTE 3a OYaKBAaHHUTE (peoKi) MAKCUMAIHN CTOMHOCTH ChOTBETCTBAILM Ha TEPHOL
Ha nosropeue RP =100 roxmau ot Tabmuna 2. MakcuMyMHTe peanu3upaHd Ipes3
paznuunuTe roguHu Ha iepuona 2003-2012 . ca nagenu B Tabmuna 3 (6 ckodu, koeamo
umMa aunceéauu OanHHu — Ji.0.).
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®@ur. 3 V3npaBeHn UHTErPATHU KPUBH Ha 24-4acoBUSI MAKCHUMAJIEH TOJUIIECH BaJIeX, B
KOOpJIMHATHA crucTeMa JinHeapu3upamia pynkuusata Ha Gumep —Turner 11 tun (Dpewte)

Tabauna 2 OueHky 3a MAaKCUMAJTHHS TOAMIIEH 24-4acoB Balex I, ** (mm) ¢ MoBTOPAEMOCT
BeZHBK Ha N TrOJIMHHU, TIO CTAHITUU

Cranmuss | RP=10 20 50 100 . No (0p. roa.) Ilepuon R (%)
Kapnoso 60 69 84 97 59 1937-2012 99
Po3uno 66 77 95 111 79 1930-2012 99
Kanoghep 71 85 107 128 83 1930-2012 99

(*No — obem na uznonzeanama ussaoxa;, R (%) — koegpuyuenm na xopenayus)

CroiiHocTuTe Ha 24-4aCOBHUTE BaJC)KHHM KOJMYECTBA, KOMTO Morar aa Obaar
HaJIBUIIEHU MOHE BeAHBX 3a nepuoj oT 100 ronvHu B paiioHa ca IO OLEHKH OKOJIO
100 — 130 mm. MakcumMaHUTE CTOWHOCTH PETUCTPUPAHU B TPUTE MYHKTA 32 TMEPUOJ
ot okojio 60 roguan — B Kapioso, 90 romuau — B Pozuno n 85 ronunu — B Kanogep, ca
cbOTBETHO 0K0JIO 90 — 100 mm.
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Tabauna 3 MakcumaiHu BaleKHM KojudecTsa I ** (mm) 3a mepuoma 2003 — 2012 r. mo
CTaHIIMU U TOTUHH

Toanna [2003  |2004 [2005 |2006 [2007 [2008 [2009 |2010 |2011 |2012
Kapnoeo

r, 2 (mm) 415 ] 307 | 924 | (14) | @27 | 44 | 36 39 | 46 | 545

Tlen 24 11 20 21 14 24 5 25 26 28

Mecenn 12 5 9 12 6 7 7 7 7 5

J.4. mpe3 meceny | 5,7,11 - - 2-9 | 7u8 - - - - -
Po3uno

r, 2 (mm) 37.5 38 | 448 | 445 | 51 | 298 | 48 53 | 442 | 32.6

Jlen 23 15 2 7 19 28 9 25 26 6

Mecen 5 11 7 8 11 1 6 7 5 6
Kanogpep

r, 2 (mm) 452 | 1003 | 84.6 | 344 | 503 | 44.7 | 345 | 654 | 294 | 35.0

Tlen 24 7 18 20 19 16 4 27 11 27

Mecen 12 8 8 4 11 6 10 7 8 7

HNHTEeH3MBHHU IbKI0BE

Kparkorpaiinure, nponuBHU (MHTEH3MBHHM) BaJIe)KHM OKa3BaT 3HAYMMO, JOCTA YeCTO
U EKCTPEMaJIHO BB3JCHCTBUE BBPXY PA3TUUYHUTE CTPOUTEIHU OOCKTH, CHOPBHKEHHS
U KOHCTPYKLMH B CpaBHEHHE ¢ OOMKHOBEHUTE BAJEXKH, ThU Karo MPH TAX TOJISIMO
KOJIMYECTBO JABXKJ C€ H3BasABa 3a OTHOCHUTENHO KpaTko Bpeme. B bwreapus,
KOJIMYECTBEHATA TPaHUIA HAJl KOATO IHKIOBETE ce mpuemar 3a uHTeH3uBHU € 0.18
mm/min. nten3uBHuTe Banexu IP ce orunrtar mo gaHHM OT IUTIOBHOTpadHU JICHTH,
KaTo TaHa0TO KOJIMYECTBO ABXK] BiIM3a B 001IaTa cyma Ha 24-4acOBOTO KOJIMYECTBO
BAJIEK OTYMTaHO 3a gaeHsA. B Tabmuua 4 e namen O6post ciydam N, ¢ HHTEH3UBHM
BaJIeXKH, 110 MECEIM ¥ TOAMHH B pailoHa, KaKTO U ChOTBETHATA CIIyYWJIa ce MaKCUMallHa
npoab/KuTEnHocT D®  (min) 3a najienns mMecew/rofuHa.

3a mepuona 2003 — 2012 ., HUMX pa3nonara ¢ JaHHHU 3a UHTCH3UBHU BaJICKU B
Kapnoso (eduncmeeno myx uma nmosuoepagh) camo 3a 2003 ., 2004 t. u 2005 1., T
kato nipe3 2006 . uMa peKbcBaHe Ha MHCTPYMEHTATHUTE HAOIIOACHUATA, a OT CpeiaTa
Ha 1o 2007 T. Te ca mpeycTaHOBEeHW B Ta3M (i dpyeu) mMeteocTaHuuu. B Po3uno u
Kanodep, mopamu THma Ha METEOPOJIOTMYHATA CTaHIUA (Jvocoomepra), TONOOHU
HaOJTIO/ICHUS HE CE U3BBPIIIBAT.

OkasBa ce, ue camo npe3 Tpute rogunau — 2003 ., 2004 r. u 2005 ., B Kaproso
Ca PETUCTPHUPAHU TONUIIHO CHOTBETHO 27, 57 u 57 ciaydyas HAa UHTCH3UBHU JIHXKIOBE,
KaTo MaKCUMallHUAT UM Opo#t e 5 mpe3 ronu u aBryct 2003 r., mexxay 11 u 13 — ot
Maii 10 aBrycT 2004 r. u mexay 9 u 21 — ot mait go aBryct 2005 . Makcumanuata
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Some special climatic characteristics for extreme conditions in the field of precipitations
in the region of Karlovo valley

perucTpupaHa npoabDKUTEITHOCT Ha MHTEH3UBEH JIBXK/] B TE3U CIy4au € ChoTBeTHO 40
min, 50 min 1 60 min.

Tabauma 4 bpoii cimydan N, ¢ MHTCH3MBHM BAIEKH M MaKCHMAlHA PETHCTPUPaHA
npoab/KuTenHocT D®  (min) Ha TakbB Basexk 3a nepuogaa 2003 — 2012 . B Kapnoso.

Mecen| IV | V [ VI VII VIII IX X Toauuino
2003 .
N,, (6p.) 2 8 3 5 5 2 2 27
D, (min) 20 30 40 40 20 40 50
2004 .
N,, (6p.) 3 11 10 12 13 7 1 57
D, (min) 30 40 60 60 25 25 25
2005 .
N,, (6p.) 3 9 5 13 21 4 2 57
D, (min) 30 40 10 50 50 40 10
2007 .
N, (op.) - 5 7 L. L. LI L.
D, (min) 30 90
3AKJIIOUEHUE

W3cnenBan e pexxrMa Ha IEHOHOIITHUTE BaJIeKHU KOJTMYECTBA, OOMITHUTE U HHTEH3WBHU
nBk0Be B KapmoBkoTo kKoTiIoBHHHO mioe. [lomydeHo e uecToTHOTO pa3npeaeneHre Ha
24-4yacoBUTE BaJICKHHU KOJIMYECTBA. AHAJIM3BT [10KA3a, Y€ JICHOHOIHU KOJIMYECTBA HaJ
10-15 mm Beue ce ABsiBaT EKCTPEMHHU 33 KOTJIIOBUHHOTO T0Jie Ha KapiioBo. M3BbpiiieHOTO
cpaBHeHHE Ha pedepenTer kmumaTudeH nepuof (/981-2010 2.) ¢ necernnerueto 2003
— 2012 r. nokasa JuIca Ha ChIIIECTBEHU U3MEHEHHUS B PEXKUMa Ha BIEKHUTE B PErHOHA
mpe3 mocieqHuTe aecetuieTtud. [lpeacraBenn ca pe3ynTaru ¢ pa3npeaeseHHeTo mpe3
TOIJIOTO TIONYTOAME Ha Opos Ciydaw 10 TOJUHH ¢ WHTEH3UBEH AbxkI. llomydena e u
MaKCHUMAaITHATa UM MPOBIKUTEITHOCT 32 KOTJIOBUHHOTO ITOJIE, & CHIII0 M Pa3MpeeIeHUTO
UM 1o Meceuu. M3uncneno, € ye CTOMHOCTUTE Ha 24-4aCOBUTE BAJIEKHU KOJUYECTBA C
noBropsieMoct BeiHbK Ha 100 rogunu Morar jia goctursat g0 100 — 130 mm.

JIMTEPATYPA

Cn6eB JI. u CB. CraneB, Knmumatnunure paiionu Ha bbarapus u Texuusat kaumar, 1959, Tpynose
Ha UMX, Tom V
3aBapuna, M., CtpoutenbHas kiumatosiorus, Jleaunrpan, ['mapomereonsaar, 1976

62



Bulgarian Journal of Meteorology and Hydrology

Bulgarian Lo A National Institute
Academy "' i e of Meteorology
of Sciences 1869 = and Hydrology

Bul. J. Meteo & Hydro 19/1-2 (2014) 63-64

HARMO 16: 16th International Conference on Harmonisation
within Atmospheric Dispersion Modelling for Regulatory
Purposes

The National Institute of Meteorology and Hydrology- Bulgarian Academy of Sciences
organized the 16th International Conference on Harmonisation within Atmospheric
Dispersion Modelling for Regulatory Purposes in Varna, 8-11 September 2014. This
distinguished meeting forms the scientific basis of the European legislation on air quality
(AQ), bringing together scientists, end-users and policy-makers from all continents to
harmonise the meteorological and AQ models, their use, verification and the analysis
of model results in order to serve the air quality regulations. The aim of the conference
is not only to share the advances in development of modelling, evaluation and analysis
tools, but also to harmonise their use. Such activities were triggered about 20 years ago,
as it was seen that different regulations and approaches give quite different advice for
action and regulation in boarder areas. Having a number cities lying in two countries in
Europe such situations were quite confusing.

Harmo16 comprised 180 papers in 9 topics:

1. Model evaluation and quality assurance — model validation, model

intercomparisons, model uncertainties and model sensitivities;

2. Environmental impact assessment: Air pollution management and decision
support systems;
Use of modelling in support of EU air quality directives, including FAIRMODE;
Parametrization of physical processes in mesoscale meteorology relevant for air
quality modelling;
Urban scale and street canyon modelling: Meteorology and air quality;
Use of modelling in health and exposure assessments;
Inverse dispersion modelling and source identification;
Modelling air dispersion and exposure to accidental releases;
9. Historical reviews and highlights of past work. Special session mainly devoted
to prominent scientists and ‘golden papers’ of the past, which have still relevance
and should not be forgotten.

Some of them were published in several issues of the International Journal of
Environment and Pollution in 2014 and 2015.
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HARMO 16: 16th International Conference on Harmonisation within Atmospheric Dispersion
Modelling for Regulatory Purposes

HARMQO 16

16™ INTERNATIONAL CONFERENCE

ON HARMONISATION
WITHIN ATMOSPHERIC
DISPERSION MODELLING
FOR REGULATORY
PURPOSES

Hosting this conference for a second
time (Harmo 8 was held in 2002 in Sofia)
showed the deep respect of colleagues
worldwide towards the Bulgarian
meteorological and air  pollution
modelling scientists community. Harmo
16 was attended by 150 scientists from
30 countries, 12 of them from Bulgaria
thanks to the support by the Bulgarian
Ministry of Education and Science.
Four scientists from the Institute for
Environment and Sustainability (IES)
of the European Joint Research Centre
(EC JRS) in Ispra, Italy secured the
contact of Harmol6 with stakeholders
at European level. Seven distinguished
American scientists in the field of air
pollution modelling represented the US
Environmental Protection Agency (US
EPA) and leading universities sharing
their achievements and priorities. France
was represented by 20, UK by 13, Italy
by 12, and Germany by 9 scientists.
Six participants from Japan and several
from Argentina, India and Brazil formed
the worldwide coverage of experts.

Harmo 16 was also part of the
events acknowledging the 145-year
anniversary of the Bulgarian Academy
of Sciences, which took place in 2014.

Online information on the European Initiative for Harmonisation within Atmospheric
Dispersion Modelling for Regulatory Purposes and series of conferences is available at

www.harmo.org and www.harmo1l6.org.
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