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1. Introduction

This research reflects a statistical analysis of the trends concerning the magnitude of the earthquakes
in Romania, respectively the depth of the earthquakes between the years 1940-2014. The purpose of the
research reflects the possibility for to anticipate the values concerning the evolution in future of the
magnitude for these earthquakes, respectively, the depth of the earthquakes by means of the forecasting
methods. The statistical methods used are the , Coefficients of Variation Method”, the , Least Squares Method”
applied for to calculate the parameters of the regression equation and the Forecasting Method through the
sLeast Squares Method”. The sections 2, respectively the section 3, present the methodology for to achieve the
trends models for the magnitude of the earthquakes, respectively for the depth of the earthquakes, with the
help of the ,Least Squares Method”. The section 4 expresses the forecasting method through the ,Least Squares
Method”. The state of the art in this domain is represented by the research belongs to Carl Friederich Gauss,
who created the ,Least Squares Method” [1].

2. The modeling of the trend for the evolution regarding the magnitude of the earthquakes in
Romania, between 1940-2014

In the period 1940-2014, we observe the next evolution concerning the magnitude of the
earthquakes in Romania with the epicentre in Vrancea, according to the table no. 1:

Table no. 1 The evolution of the magnitudes concerning the earthquakes in Romania, between 1940-2014

YEARS THE MAGNITUDE OF THE EARTHQUAKES (RICHTER)
1940 7,7
1977 7,4
1986 7,1
1990 6,9
2004 6,0
2014 5,6

Source: ,National Institute of Seismology from Romania”

We want to identify the trend model for the magnitudes of the earthquakes in Romania, in the period
1940-2014, using the table no.1.

- if we formulate the null hypothesis /1, : which mentions the assumption of the existence for the model of
tendency of the factor X = the magnitude of the earthquakes in Romania, as being the function x, =a+b-¢,,

then the parameters a and b of the adjusted linear function, can to be calculated by means of the next system

[1]:
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S=>(x,—x,)’ =min & S§=> (x,—a—bt,)* =min
i=l

i=1

B o 2> —a-bt)-1)=0/-1) na+b¥t, =3 x,
da 1=1 2 — i=1 i=1 N
aS n n n n
Fre 0 12> (x, —a—bti)(—tl.)=0/(—%) ay t,+by 17 = xt,
1=1 i=1 i=1 i=1
Therefore,
Zn: X; Zn:tl. n Z X;
i=1 i=1 i=1
Zn:xiti itiz ixiitiz—ixitizn:ti DD ILTA RTINS WD I
q == i=1 _ =l =l i=1 :‘2=1 ip= i=1 i=1 _ =l =l i=l -
noo> nth—[Zt[j nooo > t;} —( > t"j
i=l i=1 i=1 i=1 i=1 i=1
S oS S
=t =l i=1 i=1

Table no. 2 The estimate of the value for the variation coefficient in the case of the adjusted
linear function, in the hypothesis concerning the linear evolution of the
magnitude of the earthquakes in Romania, between the years 1940-2014

YEARS THE
MAGNITUDE
OF THE LINEAR TREND
EARTHQUAKES

RoaTery | G | 4 X, x, =a+bi, -3,

(x)
1940 7,7 -37 1369 -284,9 8,069951259 0,37
1977 7,4 0 0 0 7,015969047 0,38
1986 7,1 9 81 63,9 6,759594995 0,34
1990 6,9 13 169 89,7 6,645650973 0,25
2004 6,0 27 729 162,0 6,246846892 0,25
2014 5,6 37 1369 207,2 5,961986835 0,36
TOTAL 40,7 49 3717 237,9 40,700000000 1,95

If we calculate the statistical data for to adjust the linear function, we obtain for the parameters a and b the
values:

40,7 49
_ 2379 3717 =151281,9—11657,1 —7.015969047
6 49 22302 -2401
49 3717
6 40,7
_ 49 2379 _ 1427,4-1994,3 — _0,028486005
6 49 22302 -2401
49 3717
Hence, the coefficient of variation for the adjusted linear function is:
m m m 1
Z‘xi - X, z X; Z‘xi - X, 195
v[ — | E=Zm : =-m 100:12_”1—100= 2 10():4,79%

n n i X, 40,7

i=—m
- in the situation of the alternative hypothesis /1, : which specifies the assumption of the existence for the
model of tendency of the factor X = the magnitude of the earthquakes in Romania, as being the quadratic
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function x, =a+b-t, + cti2 , the parameters q, b si c of the adjusted quadratic function, can to be calculated
by means of the system [1]:

S=Y(x,—x,)=min& S=> (x,—a—bt,—ct})’ =min
i=1

i=1

9 o 2> —ambt,—e?)=1)=0/(-1)
da 1=1 2

g—i =0 ZIZ::(xl. —a—bt, —ctl.z)(—l‘l.) = 0/(—%) =
oS _ 1

202X mamb —at)=1]) = 0/=2)

Therefore,

l’l-a+bifi +Citi2 = ixl_
i=l i=1 i=1
aZn:ti +b-Zn:ti2 +cZn:zi3 = Zn:ti X,
i=1 i=1 i=1 i=1
a- Z”:tiz +bZn:ti3 +citi4 = Z”:tiz X,
i=l i=1 i=1 i=1

Table no. 3 The estimates of the value for the variation coefficient in the case of the adjusted
quadratic function, in the hypothesis concerning the parabolic evolution of the magnitude
of the earthquakes in Romania, between the years 1940-2014

YEARS MAG'II;II-[I£UDE PARABOLIC TREND
OF THE 2 3 4 2 2
EARTHQUAKES | [; t £ t, tx, x, =a+bt, +ct; ‘ X, — X,
IN ROMANIA
(RICHTER)
(xi)
1940 7,7 -37 | 1369 | -50653 1874161 10541,3 7,711011419 0,01
1977 7,4 0 0 0 0 0 7,371877263 0,03
1986 7,1 9 81 729 6561 575,1 7,058642685 0,04
1990 6,9 13 169 2197 28561 1166,1 6,890445169 0,01
2004 6,0 27 729 19683 531441 4374 6,161301915 0,16
2014 5,6 37 1369 50653 1874161 7666,4 5,506721545 0,09
TOTAL 40,7 49 3717 22609 4314885 24322,9 40,700000000 0,34

If we calculate the statistical data for to adjust the quadratic function, we obtain for the parameters a, b and ¢
the next values:

6-a+49-b+3717-c=40,7

49-a+3717-b+22609-c =237,9 =
3717 -a+22609-b+4314885-c = 243229
a="7371877263 b=-0,029787701 ¢ =-0,000557349

So, the coefficient of variation for the adjusted quadratic function has the value:

Sl —x| Sy, S, - 04
y, == Em 100 =Em 100 = - 100 = 0,84%
n n i)ﬁ 40,7
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- in the case of the alternative hypothesis /7, : which describes the supposition the assumption of the
existence for the model of tendency of the factor X = the magnitude of the earthquakes in Romania, as being
the exponential function x, = ab", then the parameters a and b of the adjusted exponential function, can to

be calculated by means of the next system [1]:

§=> (gx,~lgx, )’ =min & § =) (Igx, —lga—1,1gh)’ = min
i=1

i=1

oS =0 22(1gx,.—1ga—t,.1gb)(—1)=0/(—l)
dlga = 2 N
oS L 1
—=0 2> (Igx. —1lga—t.1gb)(—t.)=0/(——
J1gh 1Z:;(g& ga—t1gb)(-t;,)=0/( 2)

n-lga+lgb-zn:ti = anlgxi

i=1 i=1

lgazn:ti +lgb-zn:tl.2 = iti g x,
i=1 i= i=1

ilgxi iti

i=1 i=1

iti lgx, it‘z Zn:lgx,it,z—zn:tilgxiiti
i=1 = i=1 i=1 =

Thus, i=1
lga - n n n 2
DY’ % —[Zt,}
=1 i=1 i=l
2t 2t
i=1 i=1
and
n ilg X,
i=1
iti Zn:ttlgx,. n-Zn:ti lgx,—ilgxizn:ti
lgh= i=1 i=1 __ =l i=1 i=l

n
"3
i=1
n

i=1

i=1

2
e _(zt,}
i=1 i=1

Table no. 4 The estimate of the value for the variation coefficient in the case of the adjusted
exponential function, in the hypothesis concerning the exponential evolution of
the earthquakes in Romania, between 1940-2014

YEARS THE EXPONENTIAL TREND
MAGNITUDE
SAFI;I‘T}:_:‘: 2 lg x; t,1gx, lgx, = X, = ab" ‘xt —X,
QUAKES =lga+t1gh
IN ROMANIA
(RICHTER)
(xi)
1940 7,7 -37 | 0,886490725 | -32,80015683 | 0,912398319 | 8173316544 | 0,47
1977 7,4 0 0,869231719 0 0,843829438 | 6,979582386 0,42
1986 7,1 9 0,851258348 7,661325138 0,827150521 | 6,71661602 0,38
1990 6,9 13 0,83884909 10,90503818 0,819737669 | 6,602944836 0,30
2004 6,0 27 | 0,778151250 21,01008376 0,793792687 | 6,220032974 0,22
2014 5,6 37 | 0,748188027 27,68295700 0,775260557 | 5,96019621 0,36
TOTAL 40,7 49 | 4,972169159 34,45924725 40,65 2,15
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Consequently, if we calculate the statistical data for to adjust the exponential function, we obtain for the
parameters a and b the values:

4,972169159 49
34,45924725 3717 18481,55276—1688,503115

lga= =0,843829438
6 49 22302-2401
49 3717
‘ 6 4,972169159‘
49 34,45924725 -
lgh= _ 206,7554835 — 243,6362888 _ 0,001853213
6 49 22302 — 2401
49 3717

Accordingly, the coefficient of variation for the adjusted exponential function has the next value:

m m m
_-CXp _ SXP
2| 2o 2| -

Vexp — i=—m : i=—m . 100 — i=—m - .100 — 2,15

n n in 40,7

We apply the coefficients of variation method as criterion of selection for the best model of trend.
We notice that:

100 =5,28%

v, = 0,84% < v, = 4,79% < Vexp = 5,28%
So, the path reflected by X factor, which represents the magnitude of the earthquakes in Romania,
between 1940-2014, is a parabolic trend of the shape x, =a+b-t, + ctl.2 , with other words it confirms

the hypothesis /1 .

1950 1960 1970

e=4==THE PARABOLIC TREND RE
IN THE PERIOD 1940-

Figure 1. The trend model of the values for the magnitudes of the earthquakes in Romania,
in the period 1940-2014

We observe that, the cloud of points which reflects the values of the magnitudes concerning the
earthquakes in Romania, between 1940-2014, it carrying around a parabolic model of trend, according to the

type no.1.

3. The modeling of the trend for the evolution concerning the depth of the earthquakes in Romania,
between 1940-2014

Also, we want to identify the trend model for the depth of the earthquakes in Romania, in the period
1940-2014, using the table no.1.
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- if we formulate the null hypothesis H, : which mentions the assumption of the existence for the model of

tendency of the factor Y = the depth of the earthquakes in Romania, as being the function y, =a+b-¢,, then

the parameters a and b of the adjusted linear function, can to be calculated by means of the next system [1]:

SZZ(% —yf,-)z =min < S=Z(yi —a—bti)2 = min
i=1

i=1

B oo [2X0i-a-b) D=0/ |ma+bdn =3y,
gg 1:1 1 N ,, i=1 ,, i=1 ,1 -
=0 2z(yi_a_bti)(_ti):0/(__) azti—i_bztiz :Zyiti
ab 1=1 2 i=1 i=1 i=l1
Therefore,
z Vi Z L n Z; Yi
i=l i=I =
2:%@ E:ﬁz EZLEZf—JZYAE:E 2:2 2:%2 ”EZ%E_EZEEZM
a= i=1 in:l _ =l i=1 i=1 [2:1 i h= i=1 f=; — =l i=1 =l .
n zt,. nitiz—[itij n Zti nz l,~2 - ti]
i=1 i=1 i=1 =1 i=l i=1
DA PR ADINN
i=1 i=1 i=1 i=1

Table no. 5 The estimate of the value for the variation coefficient in the case of the adjusted
linear function, in the hypothesis concerning the linear evolution for the
depth of the earthquakes in Romania, between the years 1940-2014

YEARS THE DEPTH
OF THE
EARTHQUAKES LINEAR TREND
IN ROMANIA
(KM)
o ti tiz tiyi yt[ :a+bti ‘yi _ytl-
1940 150,0 -37 1369 -5550,0 155,2877996 5,59
1977 94,0 0 0 0 110,5291593 16,53
1986 131,4 9 81 1182,6 99,64192248 31,76
1990 90,9 13 169 1181,7 94,80315056 3,90
2004 98,6 27 729 2662,2 77,86744884 20,73
2014 39,0 37 1369 1443,0 65,77051904 26,77
TOTAL 603,9 49 3717 919,5 603,9000000 105,28

If we calculate the statistical data for to adjust the linear function, we obtain for the parameters a and b the
values:

6039 49
_1919,5 3717 _ 2244696,3-45055.5 _110.5291593
6 49 223022401
49 3717
6 6039
_ 149 9193 _5517-29591,1 120969298

6 49|  22302-2401
49 3717
Hence, the coefficient of variation for the adjusted linear function is:
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Sy -5 . >y -
i=l

v[ - : i=1 100: i=1 '100: 105,28
n n < 603,9
Zyi
i=1

- in the situation of the alternative hypothesis H, : which specifies the assumption of the existence for the
model of tendency of the factor Y = the depth of the earthquakes in Romania, as being the quadratic function

-100=17,43%

y, =a+b-t + ctiz, the parameters a, b si ¢ of the adjusted quadratic function, can to be calculated by
means of the system [1]:

S:Z(% _yti)z = min & SZZ(yi —a-—bt, _Cl,-z)2 = min
i=1

i=1

B o 2D, —a—bt, —e 1) =0/(-1)
da 1=1 2
95 _
ob
2 |
2 =0 2RO —amby—ad ) = 0/=3)

0= 22()’1' —a->bt,—ct]})(-t,)= 0/(_%) —
1=1

Therefore,

n-a+bzn:ti +cZn:ti2 = i“yi
i=1 i=1 i=1
aZn:ti +b-Zn:tl.2 +cZn:tl.3 = Zn:ti Y
i=1 i=1 i=1 i=1
a- Zn:tf +bif,-3 +ci:ti4 = Zn:tf -y,
i=1 i=1 i=1 i=1

Table no. 6 The estimates of the value for the variation coefficient in the case of the adjusted
quadratic function, in the hypothesis concerning the parabolic evolution for the depth
of the earthquakes in Romania, between the years 1940-2014

YEARS THSFDT?;? " PARABOLIC TREND
EARTHQUAKES > 3 2 3 >
IN ROMANIA t L t; fi Ly Ve, =a+bt, +ct]| |y, -y,
(KM) '
(60))
1940 150,0 -37 | 1369 | -50653 | 1874161 205350 156,6128331 3,39
1977 94,0 0 0 0 0 0 119,1308559 25,13
1986 131,4 9 81 729 6561 10643,4 106,8693970 24,53
1990 90,9 13 169 2197 28561 15362,1 100,7194104 9,82
2004 98,6 27 729 19683 531441 71879,4 75,79997254 22,80
2014 39,0 37 1369 50653 1874161 53391,0 54,76753136 15,77
TOTAL 603,9 49 3717 22609 4314885 | 356625,9 603,90000000 101,44

If we calculate the statistical data for to adjust the quadratic function, we obtain for the parameters a, b and ¢
the next values:

6-a+49-b+3717-c=603,9
49-a+3717-b+22609-c=919,5 =
3717 -a+22609-b+4314885-c =356625,9

a=119,1308559 b=-1,241152726 c=-0,013470178
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So, the coefficient of variation for the adjusted quadratic function has the value:

i‘yi_y: iyi i‘yi_y:
—| =

= 100=—— 100 =
n n < 603,9
zyi
i=1

- in the case of the alternative hypothesis //, : which describes the supposition the assumption of the
existence for the model of tendency of the factor Y= the depth of the earthquakes in Romania, as being the
exponential function y, = ab", then the parameters a and b of the adjusted exponential function, can to be

101,44

-100 =16,80%

Vi

calculated by means of the next system [1]:

S=>(gy,~lgy, )’ =min & § =Y (Igy, ~1ga—1,1gh)* = min

i=1 i=1

) =0 2Zn:(lgyi —lga-—t, 1gb)(—1)=0/(—%)

dlga -
ga ] = -

oS U 1
220 [2Y gy —lga—1,1gh)(~t,)=0/(—
Jlgb g(gyl ga—1,1gh)(~1)=0/()

n‘lga+lgb-zn:t,~ zilgyi
i=1 i=1
lgaZn:t[ +lgb-itf :iti gy,
i=1 i=1 i=1
Dy, D
i=1 i=l
ARSI NI ED NI WAED WAS W
Thus, log =17 i=1 _ = i=1 i=1 i=l
ga_ n N n n 2
n Zti nZtiz—(Zlij
i=1 i=1 i=1
t, Yt
i=l1 i=1
and
no lgy,
i=1
Dt D tley| nYalgy - D lgy, >,
lgb= i=1 i=1 — i=1 i=1 i=1 i

n , , 2
noo nitiz—(zltt}

i=1
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Table no. 7 The estimate of the value for the variation coefficient in the case of the adjusted

exponential function, in the hypothesis concerning the exponential evolution for

the depth of the earthquakes in Romania, between 1940-2014

YEARS | THE DEPTH
OF THE
EARTH. EXPONENTIAL TREND
IN%I(J)II‘VII(:;IA g lgy, t gy, lgy, = Yy, =ab" Yi— ),
(KM) =lga+t¢ 1gbh
o)
1940 150,0 -37 | 2,176091259 -80,51537659 2,237384503 | 172,7366541 | 22,74
1977 94,0 0 1,973127854 0 2,017161169 | 104,0306157 10,03
1986 131,4 9 2,118595365 19,06735829 1,963593331 | 91,95880754 | 39,44
1990 90,9 13 | 1,958563883 25,46133048 1,939785403 | 87,05333289 3,85
2004 98,6 27 | 1993876915 53,83467670 1,856457655 | 71,85510941 26,74
2014 39,0 37 | 1,591064607 58,86939046 1,796937835 | 62,65241775 23,65
TOTAL 603,9 49 | 11,81131988 76,71737934 126,45

Consequently, if we calculate the statistical data for to adjust the exponential function, we obtain for the
parameters a and b the values:

11,81131988 49

76,71737934 3717 43902,67601—-3759,151588

lga= =2,017161169
49 22302 — 2401
49 3717
6 11,81131988
49 76,71737934 -
lgh= _ 460,304276 578,7546741:_07005951982
6 49 22302 — 2401
49 3717

Accordingly, the coefficient of variation for the adjusted exponential function has the next value:

1%

Zn:‘yi_y
— | =l

exp
i

Zyi

exp

=100 =F——

n

Sy, -y
z Vi
i=1

100 =

126,45

b

-100 =20,94%

We apply the coefficients of variation method as criterion of selection for the best model of trend.
We notice that:

v, =16,80% <v, =17,43% < v, =20,94%

So, the path reflected by Y factor, which represents the depth of the earthquakes in Romania, between

1940-2014, is a parabolic trend of the shape y, =a+b-t, +ctl.2, with other words it confirms the

hypothesis H, .
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RDING THE DEPTH OF THE EARTHQUAKES IN ROMANIA, IN THE PERIOD 1940—2014|

Figure 2. The trend model of the values for the depth of the earthquakes in Romania,
in the period 1940-2014

We observe that, the cloud of points which reflects the values for the depth of the earthquakes from
Romania, between 1940-2014, it carrying around a parabolic model of trend, according to the type no. 2.

4. The forecasting method through the ,Least Squares Method”
We know that the evolution of the magnitudes concerning the earthquakes in Romania, between

1940-2014, reflects a parabolic trend of the shape x, =a+b-ti +Cti2' So, in 2015, the magnitude

concerning a possible earthquake will be:
MAGNITUDES " =7,371877263 + (=0,029787701) - 50 + (=0,000557349) - 50* = 4,5 degrees

Also, the trend of the values regarding the depth of the earthquakes in Romania, in the period 1940-2014, is a
parabolic trend of the shape y, =a+b-t, + cti2 . Thus, in 2015, the depth concerning a possible earthquake

will be:
DEPTH {4 =119,1308559 + (~1,241152726) - 50 + (—0,013470178) - 50* = 23,40km

4. Conclusions

We can to synthesize that in future, the evolutions regarding the magnitudes of the earthquakes in
Romania, with the epicentre in Vrancea, have an unexpected character, while the fortuitous factor playes the
principal role. According to the National Institute of Seismology from Bucharest, because the intensity of the
earthquakes growed in the last time in Vrancea, we can to have between 15-20 of earthquakes in each month
in 2015.
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