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Abstract: The report justifies the view that despite the apparent trend of warming and drought in recent
years, there is an increasing frequency of extreme weather and climatic events (rainfall), which cause extensive
damage to infrastructure and high costs to the economy and society. Therefore, to improve the performance and
effectiveness of State bodies engaged in the prevention or eradication of harmful effects in emergency situations,
it is necessary to make scientifically sound estimates of the frequency of intense precipitation over the next few
years. Solving this important practical tasks is possible through the development of a statistical model of the
intensity of the precipitation.

Key words: statistical model, floods, crisis situations

Introduction

The dependence of humans from
the natural environment and natural
phenomena could be crucial for their
existence, especially when watching
the big deviations from the normal
range of weather elements, especially
temperature and rainfall. Therefore
essential in the work of the organs of
executive power is the rapid and
timely response to heavy snowfalls,
floods, earthquakes, landslides, fires
and storms, which cause significant
damage to commercial, residential
and infrastructure.Some of them
cover a significant area of the
country, continue days, occurring
repeatedly commit significant human,
material and financial resources.

In this connection, the objectives
of the report are:

1. To explore the tendency of
increasing the number of days with
intense rainfall for 1 year in Shumen
region;

2. To justify measures to
improve work of State bodies
involved in the prevention or
eradication of the harmful
consequences of emergencies.

The report justifies the view that
despite the apparent trend of warming
and drought in recent years, there is
an increasing frequency of extreme
weather and climatic events (rainfall),
which in combination with other
factors - clogged river Dbeds,
inadequate care for the dams and
sewage systems, cause flooding or
crisis  situations with  significant
material and financial damage, and
sometimes human victims.
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The hypothesis is justified by
developing a statistical model of the
intensity of rainfall for the period
2000 - 2012 on the territory of
Shumen region.

Presentation

Floods are common natural
disaster on the territory of the
Republic of Bulgaria. They inflict
massive damage, since populated
areas, industrial areas and productive
agricultural lands are affected. The
reason for the floods is the intensity
of precipitation, regardless of the
status of the water flow in the river
network. Torrential rainfall and
outdated infrastructure of drainage
systems have caused floods many
times in the last decade.

In recent years, there is an
increase of the frequency of extreme
weather and climatic phenomena [2]:

eThere is a significant increase
in the average number of days with
daily precipitation amounts over 100
mm-with about 30% in the period
1991-2007 compared to the base
period 1961-1990;

eThere is an increase of
registered at the weather service cases
with heavy rainfall;

eIn recent years, there is a trend
to frequent cases with typical spring-
summer type convective cloudiness
with showers of rain, thunderstorms
and sometimes hailstorms during
winter months such as January and
February;

eThere is an increased frequency
of the average number of days with
thunderstorms and hail in April and

September 1961 -2006 in comparison
to the same base period 1961 -1990.

eAnnual amplitude between the
maximum and  minimum  air
temperature decreases-the minimum
temperature is rising faster than the
maximum.

eThe snowy months in the
mountains shorten and the thickness
of the snow cover shows a sustained
trend toward thinning.

ePhenology data observations
show the overtaking in development
with 7-15 days in different climatic
regions, which unambiguously attests
to the warming of the climate over the
past 30 years, compared with previous
periods.

According to the data of one of
the Bulgarian insurance companies,
applications for damage from heavy
rain for the region of Shumen have
risen for the past five years.
According to the terms and conditions
of the company, drenching (intense
precipitation) is  considered as
dropping of large quantities of
precipitation for a short time within
the indicators in table 1.

Table 2 summarises the damage
from intense rainfall for the area of
Shumen according to data from an
insurance company for the period:
January 2008 - July 2013. It is
apparent from the table that until mid
-2013, the number of damages
exceeds over 70% the maximum in
2010.
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Table 1.
intense rainfall

Metrics indicating

Table 2. Damages from intense
rainfall for the region of Shumen

Time | Precipitation | Time | Precipitation
(min.) (I/sq.m.) (min.) (I/sq.m.)
5 2 35 9
10 4 40 10
15 6 50 11
20 8 60 12
Time | Precipitation | Time | Precipitation
(h) (I/sq.m.) (h) (I/sq.m.)
2 18 12 45
4 27 18 52
8 35 24 60

year 2008 | 2009 | 2010 | 2011 | 2012 | 2013
Intense Qamage 5 7 |15 o | 1| 1
count. rainfall

In table 3 is summarized data for
the rainfall in the region for the period
January 2000-July 2013, published on
the Internet from the National
Institute  of  meteorology and
hydrology at the Bulgarian Academy

of

Sciences

(NIMHBAN)

[3].

Table 3. Rainfall and rainfall days in months, and total annual quantity for the
territory of Shumen region (rainfall values / rainfall days)

No. | year | elem. @ [ ap famyjavy | v oy [eviy vy | ax) | X | Xt | xn|oyr.
1 | 2000 |Reinfallv. | 558 | 413 [269|663| 442 [ 543 | © 0 [1032] 44 | 250 | 3 | 456
Rainfall d. 5 5 | 6 |10 3 3 2 1 9 2 3 2 51
Rainfallv. | 17.9 | 49.1 | 452 |66.8| 317 | 669 | 845 | 52 | 284 | 0 | 239 | 69.6 | 533.2
2 | 2001 &oinfal a. 4 7 6|8 ]| s 6 3 2 7 1 6 7 65
Rainfallv. | 34 | 168 | 82 |413| 44 | 41 |1226|1273| 92 | 788 | 319 | 414 | 753.1
3| 2002 It d, 4 2 10|75 7 | 10 6 12 7 6 9 85
4 | o0g |RENfallv. | 655 | 259 |137] 34 | 559 | 32 | 26 | 295 | 1372 124 | 250 | 340 | 64838
Rainfall d. 9 6 | 6 | 6 | 4 2 7 4 6 11 | 5 6 72
s | oooq | RENalv. | 67 |203 191182 | 766703 | 73 [1161| 518 | 241 | 436 | 522 [ 632.1
Rainfalld. | 12 5 | 8 | 4| 10 | 14 | 9 5 5 8 4 9 93
Rainfallv. | 824 | 53 |26.3|43.4| 582 | 455 | 63.2 | 82.3 | 1452 | 42.7 | 506 | 56.2 | 765.1
6 12005 pdingaid, | 13 | 13 |12 ] 6 | 12 [ 10 | 1 | 11 | 13 6 16 9 | 132
7 | ooge | R@Nfallv. | 483 1263 | 89 | 58 | 23 [795 | 289 | 635 | 655 | 129 [ 406 | 232 [ 502.3
Rainfalld. | 13 8 | 10| 7 | 4 9 4 6 9 7 7 5 89
g | oggy |RENallV. | 584 | 164 |228| 3 | 484 [ 268 | 4 | 523 | 987 | 87.2 | 1552 818 | 6853
Rainfall d. 7 8 | 5| 1| 8 9 1 4 10 | 13 | 15 9 90
Rainfallv. | 34 | 56 |30.4|57.2| 406 | 642 | 395 | 7.2 | 1108 | 28 | 186 | 70.2 | 517.6
9 | 2008 o infall d. 8 5 |6 |13] 10| 7 7 2 9 3 5 13 | 88
10 | 2009 |RENfallv. | 738 | 39.9 |645| 26 | 265 | 83 |1235| 315 | 59 |1085| 44 | 114 | 7357
Rainfalld. | 14 | 8 | 6 | 5 | 9 2 9 2 4 11 | 5 12 | 87
Rainfallv. | 115.7 | 116 | 64 | 42 |1315]2057| 91 | 18 | 74 | 93 | 24 | 785 |1053.4
1112000 Iedinfala. | 13 | 15 | 13 | 10 | 10 | 15 | 10 2 5 8 5 12 | 118
12 | 2011 |[Reinfallv. | 27.7 [445 | 23 | 45 | 785 | 725 | 605 | 69 9 |85]| o 43 | 574.1
Rainfall d. 8 6 | 5|8 | 7 9 6 3 1 8 0 5 66
3 Rainfallv. | 108 | 42 | 5 | 55 | 154 | 18 | 25 | 42 | 17 | 56 | 27 |1446| 693.6
18 12012 recnfaita, | 11 |10 [ 2 [ 9| 16 | 3 3 5 4 6 4 12 | 85
14 | 2013 [Réinfallv. | 200 [ 798 [574]365[ 559 |1424] 54 472.6
Rainfalld. | 12 | 15 | 9 | 8 | 9 9 7 69

harmful

100

effects 1|

Based on the analysis of the

t is assumed that
precipitation intensity over 8 mm/24
h. is potentially dangerous. For this
reason the available weather data is

processed and

table 4 shows the
number of days with intense rainfall
(over 8 mm/24 h) on the territory of
Shumen region during 2000 — 2012.
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Table 4. The number of days
with intense rainfall recorded with

accumulations

(mm/24h)/ | 8-10| 8-20| 8-30| 8-40| 8-50| 8-70| 8-100
year mm{ mm| mm| mmi mm| mm| mm
2000 11 |17 |18 |18 |18 |19 19
2001 12 122 |25 |25 |25 |25 25
2002 15 |25 (30 |31 |32 |33 34
2003 10 |24 |26 |27 |28 |28 30
2004 8 |10 |16 (17 |18 |19 19
2005 7 |19 |28 |31 |34 |34 34
2006 6 |20 |28 |28 |28 |28 28
2007 10 |26 |27 |31 |32 |32 32
2008 3 |14 |17 |18 |19 |19 19
2009 13 |28 |36 |38 |39 |39 39
2010 8 |32 |42 |44 |46 |47 47
2011 8 |22 |24 |26 |27 |27 27
2012 0 |26 |30 (31 |33 |33 33

Intense rainfall for the
region of Shumen 2000r. -
50 2010r.
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Fig. 1. Distribution of intense
rainfall for the region of Shumen
along the years
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Fig.2. Distribution of intense
rainfall for the region of Shumen
along the years
To improve the performance of

State bodies involved in the

prevention or eradication of harmful
effects in emergency situations, it is
necessary to make scientifically sound
estimates of the frequency of intense
precipitation over the next few years.
The solution of this important task is
possible through the development of
statistical model of the intensity of the
rainfall in Shumen region.

It is known that [1], a basic
statistical method for the study of
dependancies, where the factor
variables and result variables are
quantitative indications, is the
regression analysis. It says that the
quantity to be estimated
(extrapolated) for a future period of
time, is presented with a mathematical
function of time called the smoothing
function which  parameters are
determined by point statistical
estimates based on data in past
moments of time. It is chosen
frequently to be a polynomial
function raised to the s-th degree.
This assumption is justified by the
fact that, under the famous calculus
Bolzano-Weierstrass theorem, every
smooth function can be represented
by an arbitrarily high accuracy using
polynomial.

In respect to the aforementioned,
the quantity (number) of days
Je(t)with intense rainfall (over 8
mm/24 h) for t-th year shall submit by
the following polynomial:

2 S
Jle(t) = dy +d, t + dz.%+ o+ ds.% (D)

as the degree-s of polynomial depends
on the physical nature of the quantity
tested. The coefficients of the
polynomial d ={dg,d;,d,,...dg} have

JOURNAL SCIENTIFIC AND APPLIED RESEARCH Vol. 4, 2013 101



a starting value of the number of days
with heavy precipitation for one year,
the rate of increase (decrease) of the
number of days with heavy rainfall,
the acceleration of growth (decrease)
of the number of days with intense
rainfall, etc. As noted above, they are
subject to statistical evaluation.

The evaluation of  the
coefficients of polynomial
d ={dg,dq,dy,....ds} is done by the
method of maximum plausibility
function while the role of interference
play enumeration errors of days with
intense rainfall for a year, which most
often are distributed normally with
zZero average importance.

After the logarithming of
L(d)and determining of the private
derivatives under each of the
variables assessed dg,d;,ds,...ds, @
system of plausibility equations shall

be drawn up:

oL(d) _o
ad, (2)

After doing (2) the evaluation
algorithms, we have:

dj = f(dg,dyq,....dsg). 3)

The above data in table 2 by the
insurance company give reason to
believe that the degree of the
polynomial (1) is at least s = 2, i.e. the
mathematical basis of the number of
days with intense rainfall is nonlinear.

Taking s = 2, from (1) fge(t),
we get the following polynomial of
the second degree:

2

Te(t) = d, +dl.t+d2.t2—| (4)

The coefficients of polynomial
(4) have the following physical
meaning:

1)d,is the initial number of days
with intense rainfall (for 1 year);

2)d,is the rate of increase of
days with intense rainfall;

2)d, is the acceleration, by which
the number of days with intense
rainfall is changed.

In  the Gaussian law of
distribution of errors in counting the
number of days with intense rainfall
for 1 year, the system (2) is given by
the so-called method of the smallest
squares (MSS). In this method, the
estimate of the quantities
d,,d;,d,,...d is being calculated by
finding the minimum total weighted
quadratic deviation of the measured
values of the leveled quantity (i.e. the
number of days with intense rainfall
for 1 year) relative to its model (1). In
this particular case you need to find
the minimum of the function:

2
n-1 2

L(dg,dy,dy) = zw{domlxi +d2.tél—ri} (5)
i=0 -

The following indications are
used below:
1)L(d,,d,,d,) is the weighted
quadratic deviation of the number of
days with intense rainfall for 1 year
relative to the model (4);
t, = 2000 - 2000 = 0,
)t = 2001-2000=1,..., are
t. = 2001 — 2000 =1,...

discrete moments of time (years),
during which measurements are taken
(i.e. listed are the days with intense
rainfall);
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3)r;is the number of days with

heavy precipitation (from 8-100 mm)
for the i-th year;

5)w, — -1 is "gravity", by which
Is reported the number of days with
intense rainfall (from 8 — 100 mm) in
the i-th year;

6)o. is the average-quadratic

error when determining the number of
days with intense rainfall in the i-th
year.

7) n is the total number of years
in which are recorded the days with
intense rainfall.

The minimum of () is
determined after you align of O the
private derivatives of L(d,,d,,d,) in
accordance with (2):

oL(d,,d,d,) o ¢
% 20: (d +d1t,+d j

_—+

n-1
0L(dy.dy,d,) W,2d+dt+d L
ad i=0
n-1

oL(dy,0,0,) _ 2\

After reveallng the brackets and
shortening of 2 in (6), the result is:

doniwi erlnz_l:wi.ti +d iniw..tf :niwi.ri
=0 =0 =0
dofwi.tﬁdanWt +d —Zw t,3:niwi.ri.ti (7)
i=0 i=0 i=0
dofwi.tﬂdlnz_:wt +d —Zw niwi.ri.tf
=0 =0 i—0

The system of equations (7) is
simplified in  the  following
circumstances:

1) apparently the precision of the
measurements in different years is the

same, i.e. o =oq =const; This allows

you, in (7), to shorten the constants
1 1.

WI =—=—,

2) moments of measurements
can Dbe represented by integers
tg =0ty =1,...,t =i,...

After the consideration of these
circumstances (7), were obtained and
examined on two models — for an 11-
year period, covering the years from
2000 to 2010 and a 13- year period —
2000 —2012.

Model 1 : After replacing in (7)
with the data of table 4 for the period
2000-2010, we get the following
system of equations:

11.dg +55.d + %385d2 =326

55.dg + 385.0; + %3025.d2 =1794 (8)

385.dg +3025.d; + %2533301 , =13236

From (8) for the coefficients of
the polynomial (4) we obtain:

d, = 25,43;

d, =-0,68; 9)

d, =043 ;

Therefore, the pattern of
variation of the days with intense
rainfall for 1 year as a function of
time has the following form:

2
Jle(t) = 25.43-0.68t + o.43t2—I (10)

Model modification of days with
intense rainfall

100
50

0
2000 2002 2004 2006 2008 2010 2012 2014

rainfall 8-100 mm Oe(t) trend

Fig.3. Model of the intensity of
rainfall for the period 2000 — 2010 on
the territory of Shumen region, and
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the trend for the next 5 years
precalculated.

The calculated values of ze(t) for
each of the years and the trend of
development for the next five years
are shown in table 5 as the trend is
colored in green.

Table 5. Calculated values of De
(t) for the period 2000 — 2015.

Numbers of

Years (1) rainfall 8-100 mm He (1)
2000 19 25.43
2001 25 24.97
2002 34 24.93
2003 30 25.33
2004 19 26.15
2005 34 27.41
2006 28 29.09
2007 32 31.21
2008 19 33.75
2009 39 36.73
2010 47 40.13
2011 _ 43.97
2012 _ 48.23
2013 _ 52.93
2014 _ 58.05
2015 _ 63.61

The shape and the model

calculations show that the trend of
days with intense rainfall is rising.

Model 2 : After the replacement
in (7) with the data from table 4 for
the period of 2000 — 2012, we get:

13.dg + 78.0; + %650d2 =386

78.dg + 650.dy +%6084.d2 _oag7 (11)

650.d, + 6084.d; + %6071Od2 = 21255

From (11) for the coefficients of
the polynomial (4) we obtain:

d, =22,989;

d, =152; (12)

d, =—0,097

Therefore, the model of the
change of the days with intense

rainfall for 1 year as a function of

time has the following form:
2
Jle(t) = 22.989+1.521 —0.097.t2—I (13)

The calculated values of ze(t) for
each of the years and the trend of
development for the next five years
are shown in table 6, the trend colored
in green.

Table 6.Calculated values
of je(t) for the period 2000 — 2017.
Numbers of

Years(t) rainfall 8-100 mm Ae (1)
2000 19 11.79
2001 25 24.46
2002 34 25.83
2003 30 27.12
2004 19 28.3
2005 34 29.38
2006 28 30.37
2007 32 31.26
2008 19 32.06
2009 39 32.75
2010 47 33.35
2011 27 33.86
2012 33 34.26
2013 _ 34.57
2014 _ 34.79
2015 _ 34.9
2016 _ 34.92
2017 _ 34.84

Model modification of days with

50 intense rainfall

0
2000 2002 2004 2006 2008 2010 2012 2014 2016

rainfall 8-100mm Oe(t) ====- trend

Fig.4. Model of the intensity of
rainfall for the period 2000 — 2012 on
the territory of Shumen region, and
the trend for the next 5 years.
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From Fig.4, illustrating the
second model, we can see a trend of
increasing the number of days with
intense rainfall for a year, but it is
more smooth.

Conclusion:

Extreme weather events such as
heat waves and flooding pose a direct
threat, because cause extensive
damage to infrastructure and high
costs to economy and society. The
sectors whose development depends
largely on the specific temperature
and levels of waterfall, such as
agriculture, forestry, energy and
tourism, can be greatly affected.

From the studies of the two
models for the change of number of
days with heavy precipitation for one
year in Shumen region it becomes
obvious that despite the observed
warming and drought on a global
scale,in the short term, there is a
tendency of increasing the number of
days with heavy rainfall. In the first
model (fig.3), covering the period
2000-2010, the curve is steeper. The
second model (fig.4), including the
period 2000 -2012 is more optimistic,
the curve of growth of days with
intense rainfall is more smooth and in
the calculation of the trend for the
next 5 years there has is a stabilisation
of the number of days with heavy
precipitation for one year. Data until
July 2013, which is 70% (23) than for
2012, show, however, that the second

model is probably optimistic and will
need to be adjusted, taking account of
the data for the following years.
Overall, the analysis of the
substantiated in the report statistical
models of the number of days with
intense rainfall, shows a clear trend of
increase in  the medium term.

Therefore, to address emergency

situations such as floods, which are

becoming more likely, action is
needed at all levels-national, regional

and local.These actions include a

wide range of preventive,

engineering-protective , zoning, legal-
administrative, organizational, etc
measures.
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