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Magnetic Declination Statistics (Dusheti 1935-1989) and Deep Self-
Learning Model

Tengiz V. Kiria, Abesalom A. Esakia, Manana M. Nikolaishuvili,
Elene D. Lomadze

Mikheil Nodia Institute of Geophysics of lvane Javakhishvili Thilisi State University, Thilisi, Georgia

ABSTARCT

Nowadays, there are many new instruments available for studying the parameters of the Earth’s magnetic
field with higher precision and more discretization. Moreover, data processing techniques have been
developing on strong mathematical basis. The paper presents a rather long-term (1935 - 1950, total 19332
records) data of Dusheti Observatory on the statistics of magnetic declination (1) and considers the
possibilities of so called machine learning (ML), a widespread method nowadays. It gives hypotheses to prove
certain hidden regularities and periodicity of some geomagnetic parameters and determines so called
“storages” of high statistical reliability, which are the etalon samples we use to build attribution function by
use of so called Adam Deep Learning network (2).

Key words: Earth’s magnetic field, Adam Deep Learning network.

Preamble

It is required to carry out certain statistical works in order to study a kind of long-term statistics as
described in this work. We decided it was necessary to build standard variation series for magnetic declinations
on the basis of months and years. Namely, it is important to make time period observations on variation series,
also on separate series for 2¢ and 3¢ (3) parts. These two series turn out to be interesting in the annual point
of view. It is highly essential to identify the density distribution of the statistical data in these clusters and
whether they show any distribution regularities or behavior in dynamics.

Obviously, there is always an objectivity degree problem (equipment defects, etc.) in data.
Consequently, it is required to exclude subjective statistics and there are numerous techniques for that.
Nowadays, softwares with filtration tasks have been highly developed among computer technologies. Our data
have undergone strict filtration processes. Of course, main informative anomalies have been preserved that is
definitely significant.
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Fig. 1. Dynamics of average annual magnetic declination values (1936 - 1991).
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The average annual values in Figure 1 have periodic and regular structure. There is an exception of
the Dusheti Observatory data of 1941-1942 and 1964-1966 in the average annual value point of view. These
two episodes are conceivable, though, due to quite objective reasons, they might be a result of strong influence
of artificial anomaly nearby the equipment location. We may conclude that, according to the figure, the average
annual values have approximately 40-year cycles. Additionally, so called wave behavior has been revealed.

1936-1991 §§.

Fig. 2. Quantitative time period analysis of 2¢ order anomalies of the magnetic field declination during
1936-1991.
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Fig. 3. Quantitative time period analysis of 3¢ order anomalies of the magnetic field declination during
1936-1991.

Figure 2 shows shares of more than 20 anomalies in a concrete year among the whole annual data. In
1936, for example, among the whole data the anomalies were declined from average value by more than 2o
altogether in 8% cases. Like this, in 1959 the number of such anomalies makes only 20% of the annual data.
The issue of anomaly measurements according to the distinguished years is quite informative by frequency
calculations in this figure.

Figure 3 shows shares of more than 3¢ anomalies in a concrete year among the whole annual data.
Here, statistical stability is under doubt and verification of statistical hypotheses of strong anomaly zones is
prevented as far as their reliability is doubtful. There a question arises: why? It is due their limited involvement
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with all the data. However, from 1936 to 1960 their share is more than in 1960-1985, whereas at the end of the
80-s of the past century, processes similar to the ones in 1936-1960 take place.

From Figures 1, 2 and 3 we may conclude that there is an alternation of rise (more dynamics) and fall
in the magnetic declination. We are interested in the proceeding of the data till now. Does the magnetic
declination parameter maintain its characteristics? Additionally, it is noteworthy to mention that there an
alternation of average declination takes place from year to year, an average of so called Up and an average of
so called Down. For example, so called Up-s and Down-s (frequent alternations of rise and fall) according to
months must be a potential to build a good forecasting model.

If we bring in the following marks for our magnetic declination statistics:

Xi where (i is changed 1:19332)

we can build the following matrix:

Let us make components from previous 30 data in time for each i member. Our task is to find such F
function, which will find links between any X; and previous 30 records.

In this way we receive:
F(Xy, Xiv1, Xivz - Xivso) = Xigzr (1)

The whole machine learning theory considers optimization of F, which uses different algorithms. In
this paper we will consider Adam Optimization Algorithm for Deep Learning (1).

The normalized learning sampling for Formula (1) in the form of a real table is given as follows:

X1 X2 X3 » » " X29 X30 X(31)
2899 2898 2893 . . . 2922 2925 2921
2898 2893 2898 . . . 2925 2921 2920
2893 2898 2902 . . . 2921 2920 2917
2898 2902 2908 . . . 2920 2917 2917
2902 2908 2918 . . . 2917 2917 2920
2908 2918 2930 . . . 2917 2920 2913
2917 2911 2912 . . . 2925 2925 2925
2911 2912 2910 . . . 2925 2925 2919

Finally, we received a learning sampling with 30 inputs and one output.

A significant detail in the algorithm is the one, which can find links between each reading and its
predecessor 30 data. In this case we will construct such a model, which will enable us to make an optimal
prognosis by every 30 predecessor reading by means of Adam network.

Wepr = (1= Dwe —nVf(wy) (2)

As we know, in Adam algorithm, optimization of (1) is a solution to equation (2) for each necessary
iteration (usually, there are 1000 iterations) for weight sampling, where A is a parameter guiding the weight
drop. Of course, here we have L2 regularization for decreasing unjustified weights, which is based on so called
penalty principle, finally, on search function modification to have L2 -norm weight vector (4).



Table 1. Matrix of confusion (clarity) of the prognosis by 30-day predecessors of 1936-1991 magnetic field

Target
output:

2851.. 2887.6

2837.6.. 2924.2
28524.2.. 29%0.8
2960.8... 2997.4
2997.4.. 3034

3034, 3070.6

070.6..3107.2
3107.2., 3143.8

3143.8.. 3180.4

3180.4.. 3217

declination.

Network output:
<2851 |2851 ., 2887.6 |2887.6., 2924.2 |2924.2 .. 2950.8 |2960.8..299?.4 |29'3?.4..3I334 3034.. 3070.6 30?0.6..310?.2|310?.2..3143.8 |3143.8..318EI.4
) 1 a a ] a a a
65 158 1 a ] a a a
1] 1810 il ] 1] a ] ]
] 197 1813 37 ] a a a
] 2 444 124 73 a a a
1] ] 1 100 1598 142 i a
] a 1 3 90 2624 165 2
] a a a ] 105 1432 3
] a i i ] 2 401 434
] a a 0 ] 1 3 25

=R =

[l T e e e O e e’ O’ e

Table 1 shows the qualitative assessment of the obtained prognostic model according to their interval
(cluster) distribution. More exactly, here we have real and false coincidences of prognostic and real data, which
are expressed quantitatively and by clusters.
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Fig. 4. Scheme of the prognosis by 30-day predecessors of 1936-1991 magnetic field declination.

Figure 4 clearly shows the compatibility between learning sampling and prognostic model. The real
data are given in red colour and the prognostic values are shown in blue. It is obvious that the values of the
strong anomalies, which took place in 1940-1950, are not reliable. However, taking into account these
anomalies, the model revealed similar strong anomalies of the same order more accurately at the end of 1980-
s. Finally, we have following characteristics for the constructed model:

Target loutput |aE |arE |

Mean:| 3042,505371 3041840249 5.740834 |0.001887

Std Dev:|68.173232  |67.271728 J.886604 | 0.001927

Min:| 2851 2908.16561365 |0.000849 2. 71EO7

Max:[3217 3171404207 101.941242 |0.033066

Correlation: 0.992765
R-sguared: 0.93506



The obtained result makes it clear that there is a tight correlation (0.992766) between the value of
magnetic declination of any day and its predecessor 30-day data. The corrected determination coefficient
0.98506 means that our prognostic model, taking into account the predecessor 30 days, forecasts the probable
value of the following day declination by nearly 99% on the eve.

Conclusion

The statistical study of the Dusheti Observatory (overall 19332 readings, y.y.1935-1950) shows that
the dynamics of average annual values is characterized with 45-year cycle. Here statistically stable periodicity
of increase of magnetic declination variations is distinguished. Namely, increase from minimal meaning to
peak value needs approximately 15 years. There was a peak of such variation in 1952 and during the following
15 years a decrease took place. Further on, similar increase was observed during the next 15 years.

Taking into consideration, in our work we constructed an Adam deep learning network and received
a high reliability prognostic model. The obtained model can be used for every-day forecasting as well as for
more long-term prognoses.
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CratucTuka MAarHUTHOTO CKJIOHeHus1 (Jymern, 1935-1989 rr.) n

MO/IeJIb IJIy00KOr0 caM000y4YeHust

T.B. Kupua, A.A. Icakna, M.M. Hukoaaiimsuiau, J./1. Jlomaaze
Pedepar

B crarbe npeacTaBneHsl T0BOALHO aauTenabHbie (1935 - 1950 r.r., Bcero 19332 oTcueTa) naHHBIC MATHUTHOTO
CKJIoOHeHus1 oOcepBaTopun JlymieTn, cHavana CTaTUCTUYECKUE, a 3aTeM, HMIMPOKO HCIIONIb3yeMble, METOIOM
MammHHOTO 00yuenust (ML). [lpuBomsrcss rtHmoTe3sl it OOOCHOBAaHHUS OMpEAENEeHHBIX CKPBITHIX
3aKOHOMEPHOCTEH M MMEPHOANIHOCTH HEKOTOPHIX T€OMAarHUTHBIX MTapaMeTPOB.

C BBICOKO# CTAaTHCTHYECKOH CTAa0MIBHOCTBIO YCTAHOBIEHA T. H. "yCTOMYMBOCTE'. DTO T€ CTaHIAPTHHIE
00pasIpl, KOTOPhIE MBI HCIIONB3YEM C MOMOIIBIO CETH TIIyOOKOTO caMOoOydeHus Amama Ui TOCTPOSHUS
(YHKIMY TPUHA]ICKHOCTH.
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ABSTRACT

In this paper the consistent criteria for testing Hypothesis for the Sharle statistical structure are defined. It is shown that
the necessary and sufficient conditions for the existence of these critical are considered. Also the necessary and sufficient
conditions for the existence of such criteria for the Sharle strongly statistical structure.

Key words: Consistent criterion, statistical structures.

. The Sharle statistical structure.

Definition 1.1 we will say that X random value is (see [1]-[6]) the Sharle distribution if this density given by
formula

17S,(X E. (X
fsn(x) = f(x) +— k€ )'Zu'(U3—3U)+£-Zu-(U4—6U2+3)
ol 6 24
1 _G=m)? x—-m 1 _u
[ =Fmpe o Us—7m Zu=pge 2,

Si(x) -asymmetry, E, (X)-exess
Let (E,S) - be a measurable spase. Let

k) = [ iz, AeL(R)
A

Probability Sharle given on (R, L(R)), vohere f.,(x) be spectral density Sharle and L(R) Lebesgue o -
algebrain R. Let {u;, iel} the corresponding Sharle probability measures.

Definition 1.2. An Object {E, S, u,, heH} is called a Sharle statistical structure.

Definition 1.3. A Sharle statistical structure {E, S, uy, heH} is called orthogonal (singular) if a family of Sharle
probability measures {u;, iel} constricts of pairwise singular measures (i, e. 7, Yh' # h'").

Definition 1.4. Sharle statistical structure {E, S, un, heH} is called weakly separable if then exists a family
of S-measurable sets { X}, iel} Such that the relations are fulfilled:

(1, ifh="H
‘uh(Xh’) - {O, lfh * hl
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Definition 1.5. A Sharle statistical structure {E,S, u,, heH} Is called separable if there exists a family of S-
measurable sets { X;,, heH} Such that the relations are fulfilled:

(1, ifh="
1. l’lh(Xh’) - {0’ lf h * hl
2. Vh, " €H card( X, n X)) <c if h#h'

Where ¢ denotes the continuum power

Definition 1.6 A Sharle statistical structure {E, S, uy, heH} is called strongly separable if there exists a disjoint
family of S-measurable sets { X;,, heH} such that the relations are fulfilled:

‘Llh(Xh_) = 1,Vl €l
Remark 1.1 from strong separability there follows separability there follows orthogonality but not vice versa.
Example 1.1 let E=RXR (where R = (—oo, +0) and L (RxR) be a lebesgue o- algebra of subsets of RxR. As a
set of hypotheses consider the set H=R. let X, ={(—0 <x < +o),y=hheR} And let
WA = [ (o
A

Be the Sharle linear measures on X, heR

The Sharke statistical structure {R X R,L(R X R), un,h € R} is continuum strongly separable statistical
structure.

Let H be the set of hypotheses and let B(H) be g-algebra of subsets of H which contains all finite subsets of
H.

Definition 1.7. we will say that the statistical structure {E, S, un, heH} admits a consistent criterium for
hypotheses testing if there exist at least one measurable mapping

8:(E,S) - (H,B(H)),
Such that
upn{x:6(x) =h}) =1, Vh e H.

The notion and corresponding construction of consistent criteria for hypotheses testing was introduced and
studied by Z. Zerakidze (see [5]).

Remark 1.2. if the Sharle statistical structure {E, S, u,, heH} admits a consistent criterion for hypothesis
testing, then the Sharle statistical structure {E, S, uy, heH} is strongly separable but not vice versa.

(see example 1.1).
Example 1.2. let E = R X R x R = R3, let S be a Borel g-algebra on R3. let take S-measurable sets

—o<x< 40, —w<y<+4o0, z=hif h<[01];
X, =4 x=h—-2,-0<y<+0,—0<z<+0,if h€E[2,3];
—00 < x < 400, y=h—4,—0 < z<+w,if h € [4,5];

and assume that u;, are plane Sharle measures on X, Then the Sharle statistical structure {R3, S, u;,, h € [0,1] U
[2,3] U [4,5]} is weakly separable, but not strongly separable.
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Example 1.3 let E = [0,1] x [0,1], let B = [0,1] X [0,1], be a Borel g-algebra of subsets of E. As a set of
hypotheses consider the set H = [0,1] U [2,3] let us take the B = [0,1] x [0,1] — measurable sets

5 _{OSxSL y=h, if he[0,1];
h=l=h-20<y<1, ifhe[23];

and denote by up, h € [0,1] U [2,3] linear, normed, Sharle measures on X,. Then the Sharle statistical
structure {[0,1] x [0,1], B([0,1] x [0,1]), up, h € [0,1] U [2,3]}, is a separable statistical structure. Suppose
that it admits a consistent criterium for hypotheses testing

8:([0,1] x [0,1], B([0,1] x [0,1])) - (H, B(H)),

with
Un{x:6(x) =h}) =1, vh € [0,1] U [2,3].

Let’s introduce sets A; = {x:6(x) € [0,1]} and A, = {x:6(x) € [2,3]} it is clear that A; and A,
B([0,1] x [0,1]) measurable Sets and we have

un(A; n{[0,1] x {h}) =1 Vh € [0,1] and
(A, Nn{h =2} x[0,1]) =1 Vh € [2,3]

Further, according to the Fubin theorem we conclude that u(4;) = 1 and u(4,) = 1 (where u is the Sharle
plane measure).

From here, taking into account that 4; N4, = @ and A; U A, =[0,1] x [0,1] we verify that u([0,1] X
[0,1]) = 2 which contradicts rhe fact that x([0,1] x [0,1]) = 1. Hence, the Sharle separable statistical
structure does not admit a consistent criterium for hypotheses testing.

Theorem 1.1 let {E, S, up,,ieN} (N =1,2,...,n,...) Be on orthogonal Sharle statistical structure, then this
statistical structure admit a consistent criterium for hypotheses testing.

Proof due to the singulatito of Sharle statistical structure {E,S, u,,neN} there exists the family of S-
measurable sets {X;, } such that for any i # k: | ‘uhk(Xik) = 0 and up,(E — X)) = 0, Therefore if consider

the sets

X = U (E — Xu),

k=+i

we get up,, (X;) = 0, Hence, py, (E — X;) = 1. Onthe other hand, for k # i we have w; (E — X;) = 0, It means
that the Sharle statistical structure {E, S, tp,t € N} is weakly seperable. Therefore, there exists the family of

S-measurable sets {X,, i € N } such, that

1, ifi=j
tn(Xn;) = {0, ifi %

Consider now the sets

% =Xhi_<xhiﬂ<u X)) en

k+0

It is obvious that these sets are S-measurable disjocht sets and
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pn,(Xn,) =1, VieN
Wet us define the mapping
6:(E,S) — (H,B(H))
in the following way: §(X;) = h;,Vi € N.
Then we have
{x:6(x) = hi} =%
and
tn,(Xn) = up,(:6() =h}) =1, Vi€ N
Hence & is a consistent viterion for hypo theses testing.

2. The consistent oriterion for hypotheses testing of Sharle strongly separgble statistical stractares.

Let {u,, h € H} be Sharle prebabality measares defined on the measurable space (E, S), For each h € H
denote by i, the completion of the measure u;, and denote by dom(jz,) the c-algebra of all fi;, — measurable
sabsets of E. Let

51 =[] doman) -

heH

Definition 2.1. A Sharle statistical structure {E, S;, fti,, heH} is called strongly separable if there exists the
family of S; -measurable sets {z;,, heH} such that the relations are fulfilled:

1 /Ih(zh)= 1,VhEH,

2 Zhanhn :®Vh1 :'ch;

3 UhEHthE'

Definiteon 2.2. We will say that the orthogonal Sharle statistical structure admits a consistent criterion for

testing hypothesis if there exists at least one measurathe mapping
6:(E,S;) » (H;B(H)) , such that

{n({x:6(x) =h}) =1, VR € H.

Theorem 2.1 in order that the Sharle statistical structure {E, S, iy, heH}, cardH = ¢ admitted a consistent
criterion for hypotheses testing it is hecessary and sufficient that this statistical structure was strongly separable
(' see definition 2.1).

Proof. Necessity. The existence of a consistent criterion for hypothesis testing (see definition 2.2) means that
there exist at least one measurable mapping

14



6:(E,$1) = (H,B(H))
Such that
an({x:8(x) = h}) = 1,VheH.
Denoting z, = {x: §(x) = h} for heH we get:

1) fn(zn) = gr({x: 6(x) = h}) = 1,VheH;
2) zp, N zp, =0 {x:6(x) =h}n{x:6(x) = hy} Vhy # hy, hy, hyeH;

3) UnenZn ={x:6(x)eH} =E

Sufficiency, since the Sharle statistical structure {E, S;, it;,, heH} Is strongly separable (see definition 2.1.)
there exist a family {z;,, heH} of elements of the o-algebra

S1= ﬂ dom(ap).

heH

Such that

1) /Ih(zh) = 1, VhEH,
2) Zh1 N th = @ Vhl * h2:
3) UnenZn=E

For xeE we put
6(x)=nh

Where h is a unique hypothesis from the H for which xeZ,, the existence and uniqueness of such hypothesis
h can be proved using conditions 2) and 3)

Take now yeB(H). Then

{x:5(x)ey}e U Zy

hey

We have to show that

{x: 6(x)eytedom (i)
Foreach hyeH

If hgey then

{x:6(x)ey}6UZh =Zh0U U Zn
hey hey—{ho}

On the one hand the conditions 1), 2) and 3) follows that
Zho 651

On the other hand the inclusion

Zn € (E—Zp)
hey—{ho}
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Implies that

Hn, U Zp | S fp,(E—Zp) =0

hey—{ho}
And hence
[T Zp |=0
hey—{ho}
And hence
Zh € dom(ﬂho).
hey—{ho}

Since dom(jip, ) Is o-algebra, we conclude that

{x:6(x)ey} = Zp, U U Zy | € dom(ﬁho).
hey—{ho}

If hy € y Then
{x:6(x)ey}e U Zy € (E — Zy,)
hey

And we conclude that

fn({x:6(x) € y}) = 0.
The last relation implies that

{x: 6(x)ey}edom(iay,),Vy € B(H).

Thus we have shown the validity of the relation

{x: §(x)ey}edom(iay, )
For an arbitrary h, € H Hence,

(e oeyle [ | dom@) = 5,

heH

We have shown that the map
6:(E,S,) = (H,B(H))
Is measurable map
Since B(H) contains all singletons of H, we ascertain that i, ({x: 6(x) = h}) = 1,,(z;,) = 1,Vh € H.
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ABSTRACT

In this paper, we define Sharle statistical Structure such that the probability of any kind of error is zero for given criterion.
The necessary and sufficient conditions for the existence of such criteria are given.

Key words: Consistent criterion, statistical structures.

I.  Introduction

Statistics of random processes is used in various fields of science and technology (for example, in
theoretical physics, genetic, economics, radio physics, geophysics).

When using random processes as models of real phenomena, the question of determining the
probabilistic characteristics of the processes arises. To determine these characteristics should be use statistical
methods. Among the problems of statistics, a class of problems is distinguished in which the number of
observations is unique.

Despite the uniqueness of observation, is many cases, one can authentically determine the values of
unknown distribution parameters or reliably choose one of an infinite number of competing hypotheses about
the exact form of the distribution. In the case when a parameter or hypothesis is determined by one observation
reliably, it is said that for it there exists a consistent estimate of parameter or a consistent criterion for
hypothesis testing. This article is devoted to the question a consistent criterion for hypothesis testing for Sharle
statistical structure.

It is said that an error of the h-th kind of the & criterion accors, if the criterion rejects the main
hypothesis of Ha. The following probability {a;,(8) = u,({x: 8(r) # h}) Is called the probability of an erroe
of the h-th kind for a given criterion §. Example 1 nd 2 show a general trend-when we decrease one of the
probabilities of an error, the other, as a rule, increases.

Example 1.1 Consider the case when there are two simple hypheses h, and h, about the distribution
of population and criterion §: R™ — {h4, h,} such that §(x) = h, then the probability of an error of the first
kind is zero a; = pp, ({x: 6(r) # hy}) = 0 and the probability of an error of the second kind is equal to

one a, = pp,{x:6(r) # hy}) = 1.
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Example 1.2. There are observations from the normal distribution in R with variation one and different
means a € R And two simple hypotheses H; = {a = 0} And H, = {a = 1} consider the following criteria

_(Hyif x <¢;
8(x) _{HZ if x<c,

From c € R. It obvious that with the increase of the number ¢ the probability of an error of the first

type decreases, and the probability of an error of the second kind increases.

2. The consistent criteria for hypotheses testing of Sharle statistical structure let (E,S) — be a
measurable space. The following definitions are taken from ([1] — [7])

Definition 2.1. we will say that X random value is the Sharle (see [7]) distribution if this density given

by formul
1718, (x E,(x
fon =f(x)+—[ k€ )-Zu-(u3 — 3u) +£Zu-(u4‘—6u2 +3) @
ol 6 24
1 _G=m)? x-m 1 _u?
=7t u= u=ggpe
S (x) -asymmetry, E,(x) -excess
Let

uA) = f fnGOdx,  AeL(R)
A

Probability Sharle given on (R, L(R)) where f,,(x) Be spectral density Sharle and L(R)lebesgue
o —algebrainR.

Let {:“i, iel } the corresponding Sharle probability measures .

Definition 2.2. an object {E, S, u;, iel}is called a Sharle statistical structure.

Definition 2.3. a Sharle statistical structure {E, S, u;, iel} Is called orthogonal (singular) if a family of
Sharle probability measures {ﬂi, iel } Consists of pairwise singular measures (i.e. u; L uj, Vi #j).

Example 2.1 let E = [0,1] S be a Borel o —algebra of subsets of [0, 1].

Let p(B) = zz(Bn [o%]) 11, (B) = Zl(Bn [% 1]) and p5(B) = 31 (Bn [0, %]) BCS.,
where L lebesgue measure on S. then p; L p, And puy L ps But p, L ps is not orthogonal to ;.
Definition 2.4. A Sharle statistical structure {E, S, u;, iel} is called weakly separable if there exists

a family of S-measurable sets {X;, i € I'} such that the relations are fulfilled:

1, ifi=j
Hi(X)) Z{o, if i #j

Definition 2.5 A Sharle statistical structure {E, S, u;, iel} Is called separable if there exists a family
of S-measurable sets {X;, i € I} Such that the relations are fulfilled:
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1) wXp) = {(1) i; z z]]

2) Vij€el card X;nX;)<c ifi # ],

Where ¢ denotes the continuum power.

Definition 2.6. A Sharle statistical structure {E, S, u;, iel} is called strongly separable if there exists a
disjoint family of S-measurable sets {X;, i € I} such that the relations are fulfilled: w;(X;) =1, Vi €1

Remark 2.1. From strong separability there follows separability there follows weak separability and
from weak separability there follows orthogonality but not vice versa.

Remark 2.2. On an arbitrary set E of continuum power one can define a Sharle orthogonal statistical
structure having the maximal possible power equal to 22° and Sharle weakly separable statistical structure
having the maximal possible power equal to 2¢, and a Sharle strongly statistical structure with the maximal

possible power equal ¢, where ¢ is continuum power.

Lemma 2.1. If a Sharle statistical structure {E, S, i;, iel} Is separable then it is orthogonal.

Proof. If a Sharle statistical structure {E, S, u;, iel} is separable, then there exists S-measurable sets
{X;, i €1} Such that

W=l 13 e

Since y;(X;) =1, vi €l anduj(X;)=0, Vi€l Wehave y(E—X;)=0. Hence, the
measurable g; and p; Are orthogonal.

The notion and corresponding construction of consistent criteria for hypotheses testing was introduced
and studied by Z.Zerakidze (see [6] ).

Definition 2.7 We consider the concept of the hypothesis as any assumption that determines the form
of the distribution on population.

Definition 2.8. A statical criterion is any measurable mapping é (E,S) — (H, B(H)) where H be the
set of hypotheses and B(H) be g-algebra of subsets of H which contains all finite subsets of H.

Definition 2.9. We will say that the Sharle statistical structure {E, S, u;,, hel}admits a consistent
criterion for hypothesis testing if there exists at least one measurable mapping

§(E,S) — (H,B(H))
Such that
Up:(x:6(x)=h)=1 Vh€eH
Definition 3.0. the probability
ap(6) = pup: (x:6 (x) #h)

Is called the probability of error of the h-th type for a given criterion....

Definition 3.1 we will say that the Sharle statistical structure {E,S, y;, iel} admits a consistent
criterion for hypothesis testing of any parametric function is for any real bounded measurable function

g: (H,B(H)) - (R,B(R))

There exists at least one measurable function

20



f+ (E,S) = (R,B(R))
Such that
pr:(x: f (x)=g(h) )=1 VY h €H

Definition 3.1. We will say that the Sharle statistical structure {E, S, u;, iel}admits an unbiased
criterion for hypothesis testing if for any real bounded function
g: (H,B(H)) - (R,B(R))
There exists at least one measurable function
f: (E,S) - (R B(R))
Such that

Jo fun(@x)=g(x) , Y h €H

Theorem 2.1. Let the Sharle statistical structure {E, S, u,, hel} Admit a consistent criterion for
hypothesis testing of any parametric function, then the Sharle statistical structure {E, S, up, hel} Is weakly
separable.

Theorem 2.2. Let the Sharle statistical structure {E,S, u,, hel}Admit a consistent criterion for
hypothesis testing, then the statistical structure {E, S, u, hel} Admits a consistent criterion for hypothesis
testing of any parametric function, which in turn, implies the existence of an unbiased criterion for hypothesis

testing.

Theorem 2.1. Since the Sharle statistical structure {E,S, u,, hel} Admits a consistent criteria of
hypothesis any parametric function, denote by f (x) one of the corresponding consistent criterion for indicator
1,7 (h). Hence, for the sets

{x: fn ) =1y (W)} = Xp,

We have
(1, if ' =h

The Sharle statistical stricture {E, S, u;,, hel}is weakly separable.

Proof Theorem 2.2. Since Sharle statistical structure {E, S, up, hel} admits a consistens criteria of

hypothesis testing there existing measurable mapping
6:(E,S) - (H,B(H))

Such that
Up (x:6(x)=h)=1 V h€EH
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Let
g: (H,B(H)) = (R,B(R))
Be any real, bounded, measurable function and define the function 4, as follows:

04 = g(d(x))
Then we obtaim {x: 6, = g(h)} = {x: §(x) = h}
Up ;6 (x)=gh) )=up, x:(x)=h)=1 Vv h€eH and

Jo fun(@x)=g(x) , Y h €H

Theorem 2.3. If the Sharle statistical structure {E,S, u;, hel} Admits a consistent § criteria of
hypothesis testing then this statistical structure {E, S, u,, hel} is strongly separable, but not versa.
Proof. Since the Sharle statisitical stricture admits a consisten criterion of hypothesis testing there
existing & measershle maping
8 (E,S) - (H,B(H))
Such that
Up (x:6(x)=h)=1 Vh€eEH

LetX, ={x:6(x)=h}=1. X,NnXy =0 V h *h' and
pr(Xp) =pp(x:6(x)=h )=1 V h €H

Theorem 2.4. The Sharle statistical structure {E, S, up,, hel} admitaconsistent criteria for hypothesis
testing if and only if the probability of error of any kind is equal to zero for the criterion 6.
Proof. Necessity since the sharle statistical structure {E,S,u;, hel} admit a consistent criterion for

hypothesis testing, there exists a measurable maping

6:(ES) - (H B(H))
Such that
up{ix:6(x)=h}=1 Vv heH
There for
ap(6)= pup: (x:86(x) #h )=0, VhEeEH

Sufficiency since thes probability of error of any kind is equal to zero, we have
ap(6)=pup:(x:86(x) #h )=0, VhE€EH

On the ather hand
x: ((x) =h) U (x:6(x) #h)} =E
and
up[(x: (6(x) = h) U (x:8(x) # B)] = pup(E) = 1
and
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up[(x:8(x) = h) U (x:8(x) # h)] =
=up(x:8(x) = h) + up(x:6(x) # h)] = pup(x: (6(x) =h) =1, VheH

Example 2.1. let E = R X R (where R = (—oo,+00) and B(R X R) be a Borel o-algebra of subsets
of R x R. As a set of hypotheses consider the se H = Q*, where Q7 is the set of positive rational nambers.

Let X, ={—© <x < +0,y=h,h € Q*}

And let

1 (A) = f fon(O)dx
A

be the Sharle linear measures on X, h € Q*.
The Sharle statistical structure X, = {R X R,B(R X R), up, h € Q*} is countable Sharle strongly
separabele statistical structure.

If we now define the mapping

§:(RXR,B(R%XR)- (Q*,B(Q"))
By the formula

§(Xy) = h, heQ*t

We get

u({x:6(x)=h}) =1, VheQ"
Thus, this Sharle statistical structure {R X R, B(R X R),Vh € Q*} admits a consistent criterion for

hypothesis testing.
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ABSTRACT

Results of modeling of the distribution of hailstones by mean max diameter (D) on the territory of Kakheti
(Georgia) using data of the freezing level in the atmosphere and radar measurements of hail max sizes in
clouds are presented.

Maps of the distribution of hail by the average maximum diameter in the territory of Kakheti for individual
months, from April to September, have been built. The vertical distribution of D on the indicated territory in
the range of heights from 0.11 to 3.84 km was studied.

Key words: Hail, map of hail distribution by size.
Introduction

Hail phenomena occur in many regions of the world [1-3], including Georgia [4-7]. Annual global
losses of agricultural products from hail damage range from 4 to 18% of the harvest, and in monetary terms,
they exceed 11 billion US dollars [https://www.meteorf.ru/activity/activ/antigrad/obs-info/]. At the same
time, with regard to damage from hail, Georgia is one of the most hail-hazardous countries in the world.
Therefore, the problem of hail in this country is devoted to numerous works covering a wide range of
studies, such as climatology of hail [5,8-15], radar observation on hail processes [16-19], theoretical and
experimental studies of the mechanisms of hail formation [20-22], methods of impact on hail processes
[18,23,24], analysis of impact results [25-28], etc.

To solve various problems of scientific or applied significance (the impact of climate change on
hail processes, comparison of experimental data on hailstorms with theoretical models of hail processes,
assessment of the expected damage from hailstorms, planning of work on active impacts on hail
processes, etc.), detailed information on the spatial-temporary characteristics of hail distributions and its
sizes on different locations is necessary. Corresponding ground-based network studies (the number of
days with hail per year, determination of the size of hail, their structure, kinetic energy, etc.) have been
widely carried out and are being carried out both in different countries of the world [2,3,29-34] and in
Georgia [1,4,5-15].

To construct of spatial-temporary maps of the distribution of hail processes, data from radar
observations of convective clouds are also used [3,16,19,22,25,35-37]. In particular, in the paper [19]
presents the results of a statistical analysis of such parameters of hail processes for separate municipalities of
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Kakheti in the period from 2016 to 2019, as: the maximum height of hail clouds, the maximum diameter of
hailstone in clouds, the number of hail clouds of various categories, repetition of hail clouds of various
categories, the mean hail hazard relative ratio G. It was found that during the study period , the greatest hail
hazard was observed in the Gurjaani municipality (G = 1.74), and the smallest in the Dedoplistskaro
municipality (G = 0.39).

This work is a continuation of the study [19]. Results of modeling of the distribution of hailstones by
mean max sizes on the territory of Kakheti (Georgia) using data of the freezing level in the atmosphere and
radar measurements of hail sizes in clouds are presented below.

Study area, material and methods

Study area — Kakheti region of Georgia. Data of meteorological radar “METEOR 735 CDP 10 -
Doppler Weather Radar” of Anti-hail service of Georgia about the max diameter of hailstones in the clouds
(cm) - radar products HAILSZ (Size) [38] - are used.

Period of observation: April-September, 2016-2019. The area of shielded from the hail territory - 11
309.5 km?,

The expected diameter of hailstones falling out to the earth's surface according to the Zimenkov-
Ivanov model of hail melting in the atmosphere [1,39-41] by taking into account the radar data about their
max diameter in the clouds and freezing level in atmosphere was calculated [42, 43].

To calculate the mean max diameter of hailstones (D) on the surface of the earth, the territory of
Kakheti was divided into 465 squares, the range of heights was 0.11 + 3.84 km. The monthly average values
of the max sizes of hailstones and their 99% values of the lower and upper levels of the average were
calculated.

The initial dimensions of hailstones in clouds from April to September in Table 1 are presented.

Table 1. The statistical characteristics of hailstones in the clouds above Kakheti territory by mean max
diameter from April to September 2016-2019 (cm).

Parameter April May June July August September
Mean 1.17 1.69 1.97 1.97 1.27 1.79
Min 0.16 0.09 0.09 0.29 0.09 0.20
Max 2.55 4.30 4.83 3.58 4.05 3.58
Range 2.40 421 4.74 3.29 3.96 3.38
St Dev 0.65 0.90 0.96 0.82 0.94 0.87
om 0.10 0.06 0.07 0.09 0.22 0.11
99% Low 0.91 1.53 1.79 1.73 0.70 1.49
99% Upp 1.42 1.84 2.16 2.21 1.84 2.08

GIS technologies to construct maps of the distribution of hailstones by size near the surface of the
earth in the territory of Kakheti were used.

For the data analysis the standard statistical methods are used. The following designations of statistical
information are used below: Mean — average values; Min — minimal values; Max - maximal values; Range -
Max — Min; St Dev - standard deviation; om - standard error; %; 99% _Low and 99%_Upp — 99% of lower
and upper levels of the mean accordingly.

Results

Results in Fig. 1-12 and Table 2,3 are presented.
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Fig. 1. Distribution of hailstones by mean max diameter on the territory of Kakheti in April.
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Fig. 2. Distribution of hailstones by mean max diameter on the territory of Kakheti in May.
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Fig. 4. Distribution of hailstones by mean max diameter on the territory of Kakheti in July.
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Fig. 5. Distribution of hailstones by mean max diameter on the territory of Kakheti in August.
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Fig. 6. Distribution of hailstones by mean max diameter on the territory of Kakheti in September.
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Fig. 1-6 clearly demonstrated distribution of hailstones by mean max diameter on the territory of
Kakheti from April to September.

The statistical characteristics of hailstones by mean max diameter on the earth surface in Kakheti
from April to September in Table 2 and 3 are presented. In particular, as follows from Table 2,3 mean values
of D to full Kakheti territory change from 0.12 cm (August) to 1.41 cm (June), mean values of D_99%_Low
change from 0 cm (August) to 1.17 cm (June) and mean values of D_99%_Upp — from 1.06 cm (August) to
1.65 cm (June).

Table 2. The statistical characteristics of hailstones by mean max diameter on the earth surface in Kakheti

from April to June.

Month April May June
Parameter | 99% Low | Mean | 99% Upp | 99% Low | Mean | 99% Upp | 99% Low | Mean | 99% Upp
Mean 0.29 0.75 1.09 1.02 1.23 1.42 1.17 1.41 1.65
Min 0.00 0.52 0.92 0.82 1.05 1.26 0.96 1.24 1.49
Max 0.91 1.17 1.42 1.53 1.69 1.84 1.75 1.94 2.12
Range 0.91 0.65 0.50 0.72 0.65 0.58 0.79 0.70 0.64
St Dev 0.29 0.18 0.14 0.17 0.15 0.14 0.17 0.15 0.14
om 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
99% Low 0.25 0.73 1.07 1.00 1.21 1.40 1.15 1.39 1.63
99% Upp 0.32 0.78 1.11 1.04 1.24 1.43 1.19 1.43 1.66

Table 3. The statistical characteristics of hailstones by mean max diameter on the earth surface in Kakheti
from July to September.

Month July August September
Parameter | 99% Low | Mean | 99% Upp | 99% Low | Mean | 99% Upp | 99% Low | Mean | 99% Upp
Mean 0.88 1.25 1.58 0.00 0.12 1.06 0.81 1.24 1.61
Min 0.59 1.04 1.40 0.00 0.00 0.82 0.54 1.05 1.46
Max 1.60 1.86 2.11 0.42 1.11 1.72 1.49 1.79 2.09
Range 1.01 0.82 0.71 0.42 1.11 0.90 0.95 0.75 0.63
St Dev 0.22 0.18 0.15 0.02 0.26 0.20 0.21 0.16 0.14
om 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01
99% Low 0.85 1.23 1.56 0.00 0.09 1.04 0.79 1.22 1.60
99% Upp 0.90 1.27 1.60 0.00 0.15 1.08 0.84 1.26 1.63
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Fig. 7. Vertical distribution of mean max diameter of hailstones and their 99% lower and upper levels in
Kakheti in April.
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Fig. 8. Vertical distribution of mean max diameter of hailstones and their 99% lower and upper levels in
Kakheti in May.
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Fig. 9. Vertical distribution of mean max diameter of hailstones and their 99% lower and upper levels in
Kakheti in June.
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Fig. 10. Vertical distribution of mean max diameter of hailstones and their 99% lower and upper levels in
Kakheti in July.
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Fig. 11. Vertical distribution of mean max diameter of hailstones and their 99% lower and upper levels in
Kakheti in August.
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Fig. 12. Vertical distribution of mean max diameter of hailstones and their 99% lower and upper levels in
Kakheti in September.

In Fig. 7-12 vertical distribution of mean max diameter of hailstones and their 99% lower and upper
levels in Kakheti from April to September are presented. In particilar, Fig. 5-12 and Table 2, 3 shows, that
the variability of the mean maximum hail diameter on the territory of Kakheti in the range of heights from
0.11 to 3.84 km is as follows:

e D 99% Low. April: 0+0.91 cm; May: 0.82+1.53 cm; June: 0.96+1.75 cm; July: 0.59+1.60 cm; August:
0+0.42 cm; September: 0.54+1.49 cm.

o D. April: 0.52+1.17 cm; May: 1.05+1.69 cm; June: 1.24+1.94 cm; July: 1.04+1.86 cm; August: 0+1.11
cm; September: 1.05+1.79 cm.

e D 99% Upp. April: 0.92+1.42 cm; May: 1.26+1.84 cm; June: 1.49+2.12 cm; July: 1.40+2.11 cm;
August: 0.82+1.72 cm; September: 1.46+2.09 cm.

32



Conclusion

In the near future, we plan to study the statistical characteristics of the mean max size of hailstones for
the municipalities of Kakheti as well as modeling the damage from hail to vineyards, wheat and corn in the
agricultural regions of Kakheti.
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MoaenupoBaHue pacnpeaejeHus 10 CPeTHUM MAKCHMAJIbHbBIX
pa3mepam rpaaa Ha teppuropun Kaxerun (I'py3us) ¢
HCIO0JIb30BAHUEM JAHHBIX 00 ypOBHeE 3aMep3aHuda B aTMocdepe U
PAAMOJIOKALUOHHBIX U3MEPEeHHUH

A.I'. AMupanamBuiau, H. P. boaamBuiu, 3.M. I'yramBuiu,
H. K. xkampumBuiau, H. 9. Cyknauase, X. 3. Tapugamsuian

Pe3rome

[IpencraBiens! pe3yapTaThl MOJEIMPOBAHNUS PACIIPENEIICHUS TPAANH IO CPETHIM MaKCHMAaJIbHBIM pa3Mepam
Ha Teppuropun Kaxerum (I'pys3us) ¢ mcmosip3oBaHMEM JAaHHBIX 00 YpOBHE IpoMep3aHus B aTMocdepe u
PannoIOKaMOHHBIX U3MEPEHUH MaKCUMAJIBHBIX Pa3MepoB Ipaja B o0nakax.

[TocTpoeHs! KapThl paclpeenenns Ipaja o CpeJHIM MaKCHUMalbHBIM pa3MepaM Ha Teppuropun Kaxeruun
JUTS OTJIENBHBIX MECSIIEB, C allpelis Mo CeHTsA0pb. M3yueHo BepTukansHOe pachpenenenne D Ha ykasaHHOM
TeppuTopuH B quana3one BeIcOT oT 0.11 1o 3.84 km
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ABSTRACT

Dust propagation at Thilisi city territory in the winter period during western background light wind is modeled
and analyzed using 3D regional model of atmospheric process evolution and via combined integration of
admixtures transfer and diffusion equations. The motor transport moving at city streets and highways is the main
source of atmosphere pollution. Basic peculiarities featuring dust spatial propagation processes under complex
terrain conditions are explored. The role of complex terrain in the passive admixture’s diffusion process is studied,
urban zones with high dust pollution level are established, and the differences between air pollution spatial
distribution in winter and summer seasons are determined. Time intervals, when high dust pollution level of the
air is formed or air self-purification process occurs, are defined. Time and spatial change of dust concentration
in the lower part of the atmospheric boundary layer is studied. It is obtained that 0.8-1.5 maximum allowable
concentration (MAC) is registered at 9 AM and 6 PM at Gldani and Temga district territories situated in the
central and northeastern parts of the city.

Key words: Numerical modeling, pollution source, dust distribution, western background wind, winter season.
Introduction.

Thilisi is one of the largest cities of the South Caucasus, an administrative and touristic center
of Georgia. Thilisi city relief is highly complex. City is confined from the west and the east by high-mountain
massifs; from the north the narrow Mtkvari River gorge, and from the south the lowland territory connects it
with the external space. Based on theoretical assumptions we suppose that the local air circulations formed
under the influence of the city atmosphere don’t promote city atmosphere self-purification process. Indeed,
according to atmospheric air monitoring network data and other studies the dust concentration in Thilisi
atmosphere frequently reaches and, in some cases, exceeds maximum allowable concentrations (MAC) [1-7].

In order to elaborate air quality substantiated recommendations and carry out practical measures it is

necessary to study theoretically the features of polluting agents time and spatial distribution in city atmosphere,
especially during unfavorable meteorological conditions.

In the presented work, with the purpose of further extension of carried out researches [8-11], city
atmosphere pollution level in winter period is studied via numerical modeling under conditions of western
background light wind. A numerical model is used to describe the development of atmospheric processes and
the spread of pollutants in the Caucasus [8].

Brief description of problem statement.

The 30,6x24 sq. km area of Thilisi and surrounding territories is considered. In order to mathematically
correctly describe the dynamic fields of atmosphere and meteorological parameters under conditions of
complex terrain of the city a relief-following coordinate system (t, X, y, £ =(z—3)/h ) is used. Here t is time,
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x and y are coordinates directed along parallel and meridian, { is a vertical non dimensional coordinate,

8(x,y) is arelief height above sea level ), h = H - & — troposphere thickness, H(t, X, y) — tropopause height.

The equation for dust concentration change in the selected coordinate system will be written in the
following form

oC oC oC - w,,0C 0 0 0 0 1 o0 oC
—HtU—+V—+W-—")—=——p—+—pu—+—-—v—+F , (1)
ot ax ay h"9f ox  ox o0y 0y h"add o<
where, C — ingredients concentration; u, v, w and w wind velocity components along the X, y, z and { axes, W,
— dust deposition rate, F(t, X, y, ) dust dissipation rate in the atmosphere by the source, p and v — coefficients

of horizontal and vertical turbulence. Wind velocity components and coefficients of turbulence are calculated
through numerical integration of equations given in [8] and formulas determining the coefficient of turbulence.

Dust dissipation in the free atmosphere and surface layer of the atmosphere is modeled through
numerical integration of equation (1), using respective initial and boundary conditions. Numerical grid steps
along the x and y axes equal to 300 and 400 m, and vertical step in the free atmosphere is 1/31 that roughly
corresponds to 300 m. In the 100 m thick surface layers of the atmosphere a vertical step varies from 0.5 to
15 m, while time step is 1 sec. Calculations are made for 3-day period. A case of western light background
wind under dry weather conditions of January is considered. Wind velocity varies from 1 m/sec (at 100 m
height above the ground) to 20 m/sec (in the tropopause at 9 km altitude). Relative atmosphere humidity is
50%.

It is assumed that the atmosphere is polluted by a dust originated at city mains and streets due to motor
transport traffic. Its quantity changes in time and is determined according to assessment of continuous
surveillance materials and transport traffic intensity.

Numerical modeling results

Spatial distribution of dust concentration and wind velocity, obtained through calculation at 2, 100
and 600 m height from the earth surface, when t = 3 and 6 h, is shown in Fig. 1. Concentration is given in the
units of one-off maximum allowable concentration (MAC = 0.5 mg/m?).

t=3h;z=100m. ‘ t=l3h;z‘=BOC!m.

3 418{ -
5 4175

41717

41,651~

3 418~
41.75¢2

4.7

4165~

Fig. 1. Wind velocity (m/sec) and dust concentration (MAC) distribution, when t = 3 and 6 h, at 2, 100 and
600 m height from the earth surface.
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It is seen from Fig. 2 that in time interval from 3h to 6h the dust concentration at 2 m height from the
earth surface is practically constant and slightly varies within 0.001-0.1 MAC. 0.01 MAC concentration is
obtained at less urbanized territories adjacent to the city. At the central and densely populated (urbanized)
territories of the city, dust concentration varies from 0.01 to 0.1 MAC. In the surface layer of the atmosphere
dust concentration growths with height increase and at 100 m height it changes within 0.01-0.1MAC in the
major part of the atmosphere. Afterwards dust concentration reduces with the further height increase and at
600 m height its value doesn’t exceed 0.01 MAC. If we compare spatial distribution and quantitative values
of concentration, we come to conclusion that the pollution level in nighttime hours of summer barely exceeds
that obtained in winter period.

After t = 6 h, the quantity of dust hitting the atmosphere increases along with quick growth of motor
transport traffic intensity and rapid pollution of city atmosphere begins. When t = 9h, during first “rush-hour”
situation, at 2 m height above the ground dust concentration is high in the proximity of city mains located in
the northern part (Gldani, Temka districts) and the central (Vake and Saburtalo districts) parts of the city.
Surface distribution of concentration obtained through calculations considerably differs from that obtained in
summer period [12]. Maximum concentration value 1.2 MAC is obtained in the surroundings of the crossroad
of Sarajishvili, Guramishvili avenues and Kerch street. Maximum value at Vazha-Pshavela and I.
Chavchavadze avenues of Vake and Saburtalo districts equals to 0.7 MAC, while highest concentration at A.
Tsereteli Avenue of Didube district reaches 0.9 MAC.
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Fig. 2. Wind velocity (m/sec) and dust concentration (MAC) distribution, whent=9, 12 and 15 h, at
2,100 and 600 m height from the earth surface.

In the time range from 10 AM to midday, under conditions of motor transport traffic constant intensity
and dust dissipation constant speed, in the high pollution level area a considerable reduction of concentration
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is obtained at 2 m height (Fig. 2). Concentration decrease lasts until 3 PM. When t = 12 and 15 h, maximum
concentration values vary within 0.6-0.8 MAC interval. The mentioned maximum concentrations are obtained
at different urban territories distanced from each other, namely in Temka and Saburtalo districts.

At 100 m from the earth surface a dust is distributed above urbanized territories of the city and its
concentration values are equal to 0.3 MAC. The only exception is the concentration values (0.5 MAC) obtained
at quite large territories above the central part of the city, when t = 12 h. At 600 m height above the ground the
concentration doesn’t exceed 0.1 MAC.

After 3 PM, at z = 2 m height, the second stage of dust pollution level increase begins, which lasts up
to 8 PM (Fig. 3). Dust pollution level increases in 1 km thick area of the atmospheric boundary layer. This
growth is especially intensive in the lower part of the surface layer in the surroundings of city mains located
in the center of the city and its peripheries. In the northern part of Thilisi (surroundings of Temka and Gldani
districts), at 2 m height, dust concentration maximum value reaches and even exceeds 1 MAC, while in the
central and southern parts of the city the maximum value equals to 0.8 MAC. At suburban areas, dust
concentrations are within 0.2 MAC.

Dust vertical turbulent and convective transfer processes occur along with the increase of its surface
concentration. Dust concentration growth in the upper part of the surface layer runs with approximately 3-hour
phase lag. As a result, maximum concentration value, which is equal to 0.6 MAC is obtained at 100 m height,
when t = 21h. At 600 m height from the earth surface dust pollution level is virtually unchanged and is less
than 0.1 MAC.

t=18h;z=2m. t=18h;z=100m. t=18h z=600m.

447 44.8 44.9
t=21h;z=100m.

\\

447 44.8 44.9

t=24h;z=100 m.

100°0

Fig. 3. Wind velocity (m/sec) and dust concentration (MAC) distribution, when t = 18, 21 and 24 h,
at 2, 100 and 600 m height from the earth surface

After t = 20h the stage of surface concentration reduction begins, which lasts up to t = 24h. Concentration
value by this time is within 0.1 MAC at urbanized territory. At 100 m height from the earth surface, dust
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concentration roughly equals to 0.2 MAC. Calculations show that in case of constant wind, dust transfer and
diffusion process has quasiperiodic character with 24h period.
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Fig. 4. Dust concentration (MAC) distribution within a day in the surface layer of atmo-sphere in three
vertical planes located along the parallel (Y=41.69°, Y=41. 72° and Y=41. 77°).

In Fig. 4 there is shown dust concentration vertical distribution in the surface layer of atmosphere, in
three vertical cross-sections drawn along the parallel, with three hour time interval. It is seen from Fig. 4 that
from the midnight to 6 AM an atmospheric dust is transferred to the upper part of the surface layer of
atmosphere. From t = 6h dust pollution areas start to form near the underlying surface. At following points of
time, a surface dust is propagated in vertical and horizontal direction. Intensive vertical dust transfer starts at
t=18h and lasts until t = 21h. Dust cloud form points at the convective mechanism of its origination. Prevailing
directions of dust propagation are seen in Fig. 4 and from there we can determine respective dynamic processes
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causing dust transfer. We can conclude that local circulation processes at the same territory may have different
character at different points of time, namely advective, convective or turbulent-diffusive.

Conclusion

Motor transport-induced dust pollution change kinematics in winter period at the territory of Thilisi is
explored in case of western background wind. Diurnal pattern of dust spatial distribution and its propagation
peculiarities are studied. Through analysis of wind velocity and concentration fields it is obtained that spatial
distribution of heavily dust polluted areas depends on city mains location, on one hand and on dynamic impact
of relief, and local circulation systems formed by daily change of thermal regime at underlying surfaces, on
the other.

Comeparison of dust concentration spatial and time distribution in winter period with that obtained
through calculation for summer one, shows not only their similarity, but also points at substantial qualitative
difference between them. Distinctions are manifested in different location of high dust pollution areas,
maximum dust pollution level occurrence time, and dust vertical and horizontal distribution. Differences
between concentration distribution in case of the same background wind can be explained by the seasonal
character of local hydrometeorological fields formation. In particular, Thilisi city relief, in case of western
background light wind, generates local cyclonic vortex in winter, and anticyclone vortex in summer. These
vortices, due to diurnal change of thermodynamic fields in the surface layer of atmosphere, experience periodic
variations of shape, velocity field and location during a day. The mentioned circumstance has an effect on dust
transfer-diffusion process and causes differences in spatial distribution of concentration fields between the
winter and summer periods.

Acknowledgment. The work is performed with the support of grant project NeFR-3667-18 of
Shota Rustaveli National Science Foundation of Georgia.

References

[1] http://air.gov.ge/reports _page.

[2] Kharchilava J.F., Lomaia O.V., Bukia G.N. The Conditions of Aerosols Formation and Accumulation in

Cities, in Proc. 3th Int. Aerosol Conf., Kyoto, Japan, Pergamon, 24-27 September, 1990, v. 2, pp. 986-989.

[3] Amiranashvili A.G., Gzirishvili T.G. Aerosols and Ice Crystals in the Atmosphere. Thilisi, Metsniereba,

1991, p. 113 (in Russian).

[4] Amiranashvili A.G., Chikhladze V.A., Kharchilava J.F.,. Buachidze N.S, Intskirveli L.N. Variations of the

Concentrations of Dust, Nitrogen Oxides, Sulphur Dioxide and Ozone in the Surface Air in Thbilisi in 1981-

2003, in Proc. 16" Int. Conf. on Nucleation&Atmospheric Aerosols, Kyoto, Japan, 26-30 July, 2004, pp. 678-

681.

[5] Amiranashvili A., Bliadze T., Tsikhladze V. Photochemical smog in Thilisi. Monograph. In Proc. of Mikh.
Nodia Institute of Geophysics, Part 63, 2012, p. 160 (ISSN 1512-1135).

[6] Kirkitadze D., Nikiforov G., Chankvetadze A., Chkhaidze G. Some Results of Studies of Atmospheric

Aerosols in M. Nodia Institute of Geophysics in the Recent Three Decades. Trans. of Mikheil Nodia Institute

of Geophysics (ISSN 1512-1135), v. 66, pp. 178-185, Thilisi, 2016 (in Russian).

[7] Intskirveli L., Gigauri N., Surmava A., Kukhalashvili V., Mdivani S. Study of Thilisi atmospheric air

pollution by PM-particles and dust, in Proc. Of Scientific conference “Modern problems of ecology”, Tbilisi-

Telavi, Georgia, 26-28 September, 2020, vol. 7, pp. 252-255 (ISSN 1512-1976).

[8] Surmava A., Intskirveli L.,Kukhalashvili V., Gigauri G. Numerical Investigation of Meso- and Microscale

Diffusion of Thilisi Dust. Annals of Agrarian Science, v. 18, No. 3 2020, pp. 295-302.

[9] Surmava A., Kukhalashvili V., Gigauri N., Intskirveli L., Kordzakhia G. Numerical Modeling of Dust

Propagation in the Atmosphere of a City with Complex Terrain. The Case of Background Eastern Light Air.

Journal of Applied Mathematics and Physics, v. 8, No.7, 2020, pp. 1222-1228.

https://doi.org/10.4236/jamp.2020.87092.

[10] Kukhalashvili V., Kordzakhia G., Gigauri N., Surmava A., Intskirveli L. Numerical Modelling

of Dust Propagation in the Atmosphere of Thilisi City: The Case of Background Eastern Gentle

Breeze. Journal of the Georgian Geophysical Society, v. 23(1), 2020, pp. 46 -50.

42


http://air.gov.ge/reports_page
https://www.scirp.org/Journal/articles.aspx?searchcode=Aleksandre++Surmava&searchfield=authors&page=1
https://www.scirp.org/Journal/articles.aspx?searchcode=Vepkhia++Kukhalashvili&searchfield=authors&page=1
https://www.scirp.org/Journal/articles.aspx?searchcode=Liana++Intskirveli&searchfield=authors&page=1
https://www.scirp.org/Journal/articles.aspx?searchcode=George++Kordzakhia&searchfield=authors&page=1
https://www.scirp.org/Journal/journalarticles.aspx?journalid=2436
https://doi.org/10.4236/jamp.2020.87092

[11] Kukhalashvili V., Gigauri N., Surmava A., Demetrashvili D., Intskirveli L. Numerical Modelling of Dust
Propagation in the Atmosphere of Thilisi City: The Case of Background Eastern Fresh Breeze. Journal of the
Georgian Geophysical Society, v. 23(1), 2020, pp. 51 -56.

[12] Surmava A., Intskirveli L., Gverdtsiteli L. Numerical modeling of dust distribution in the
atmosphere of Thilisi. I.A case of weak background wind from the west. Proceedings of the M. Nodia
Institute of Geophysics, vol. LXXII, 2020, p. 89-96.

J. 000olol GgMGHMM05Hg Hsdms®m8o 3E3MOL 3o3M3gEgdoL
0Eb3000 3MEYEoMYdS

5. by®9s3s', ¢0. 339M©fomgmo, g. 0bfzoMm3zgwmo, b. gogsmMo
%003

5BHBMLEIOHMWOo 3Gm37L9d0L g3meEool 3D Mgrombsemo ImEIEols s Jobsg39d0L QoGBS -
ORYBool  9BGHMEO0L  9HNMIWO30 0bGHIYM0MHgdom  MHOELMIMOZ5©  FMEILOMHIOMEIO S
2300650BgdMos  IB3MOL  493M3EJwgds g 0d0oboL  GJMHoGHMOm05Dg BFNGOL  39Mom©do
i3I0l BMbMMO  LMLEHO  JoMob EOML.  SEHIMBRIOML  Esd0BIMEMGOOL  doMOMI©  FYsOML
0o00m5a9bL Joamsdol JmPadls o BoaolBMEgdHg 8mdMo30 953EMGHMBL3MOEGH0. 250M3I3WgME0s
doM0MIEO  3930L909M9ds60 MMIgdoE SHILSMYOID OHMwwo Mo gxzol 30OHMdJddo IEIMOL
LogM(E7d0 293039900l 3OHM3gLL. dgLfagerowos MMM MHYE0gBOL OHMEO 35B0MHO d0bsMIY39d0L
©oxbBooll 3OHMEgLd0, IYRY6OE0s Joesdol Forswro sdBHZYMH0s6gd0L BMbgdo, sMBMBgBoE0s
24961b35399900 MGG 9OLYOMIGD BsFMMOLS S BsFHLYOL LgBMBIdTO 5EIMLGIOEO 35900l
©59(339605693930L  LogOHEME  A9Bsfowgdgdl FmEOL. 23BLEBWIGMWos OHMOL  0bEYM35egdO,
OMEYbSG BMOI0OEIGds 35900l Fooro IBHZIM0569ds 96 Bgds 3590l M3000OLRMO3900L
3639L0. dgbfageoos SEGHIMBRIOML LELIHBOIOM 3gbol J39ws bsffoerdo IEH3MOL 3mb3IBEGMsEO0L
QOMLY 5 LO3zM(39d0 330 Yds. 80O 0965, ™A 0.8 - 1.5 B3O OLEAZ900 3Mmb396EHMSE0S
(B©3) d00mgds EOL 9 s 18 By Jowsdob 3gbGHGoME s RMEOEIM -50dmbogergm bafioegddo
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Yucaennoe Moaeanposanue Pacnpocrpanenus IIbliim 3umoi Ha
TeppuTopuu r. Touaucu

A. Cypmasa, JI. I'Bepauurenn, JI. Unukupsenan, H. 'uraypu

Pe3rome

HccnenoBano pacnpocTpaHeHHE MBI HAa TEPPUTOPUM ropoja TOWIMCH B 3UMHMHA NEpHUOX NMPHU (POHOBOM
caboM 3arajiHOM BETpe ¢ UCIOJIb30BAaHHEM PETHOHAIBHOM TPEXMEPHOH MOJIENN IBOMIOLUH aTMOC(EPHBIX
nporieccoB 3D u mHTErpUpOBaHUs ypaBHeHUs nepeHoca-auddy3un npumeceil. B Monenn aBToMOOHIIBHBIH
TPAHCHOPT paccMaTpUBAETCS KaK OCHOBHOW HECTALMOHAPHBIH HCTOYHHUK 3arps3HEHHs, OT KOTOPOro B
aTMoc(epy BrIOpackiBaeTcs IbUIb. [IyTeM dnciaeHHOro MOAETUPOBAHHS ITOKA3aHO, YTO MPOIIECC 3arpsS3HEHUs
aTMoc(epHOro BO3/yXa MBUIBIO MTPOTEKAET B YETHIPE ITara M 3aBUCUT OT WHTEHCHUBHOCTH aBTOMOOMIIEHOTO
JBIDKEHHS, MUKpopesbeda ropoja M paclojiOKEHUs aBTOMOOMJIBHBIX Maructpaneil. MccnenoBaHbl
0COOEHHOCTH PAacIPOCTPaHEHHS MBLUTH B 3MMHHI NIEPUOJ T'0J1a, POJIb CIIOKHOTO penbeda npu AupGy3un MbLIH,
OTIpE/IETICHBl 30HBI BBICOKOTO 3albUICHHOCTH, BBIABIEHBI PA3IAYHs MEXAY MPOCTPAHCTBEHHBIMH
pacnpeneNeHusIMI NBUIM B 3UMHUM M JIETHBIA Nepuoasl roga. OmpeneneHbl MHTEpBaIbl BPEMEHH, Korjaa
(hOpMHPYIOTCS 30HBI BBICOKOT'O 3aIIbUICHUS] BO3/yXa WM MPOUCXOIUT CAMOOUHUIIECHHUS TOPOJICKOTO BO3IyXa.
[Monmy4yeHo, 4YTO 30HBI BBICOKOW 3ambUIeHHOCTH C KoHIeHTpamusmu 0.8-1.5 mpenenbHO omycTUMast
KOHIIEHTpanuid popMHupYIOTCst ¢ 9 4. yTpa o 6 4 Bedepa Ha TeppuTOpusx [maHckoro u TeMKHHCKOTO
palioHOB.
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ABSTRACT

Data about long-term monthly average values of Holiday Climate Index (HCI) for 12 locations of Kakheti
(Akhmeta, Dedoplistskaro, Gombori, Gurjaani, Kvareli, Lagodekhi, Omalo, Sagarejo, Shiraki, Telavi, Tsnori
and Udabno) are presented. For 6 stations of this region (Dedoplistskaro, Gurjaani, Kvareli, Lagodekhi,
Sagarejo and Telavi) detailed analysis of the monthly, seasonally and annually HCIs values over a 60-year
period (1956-2015) are carried out. Comparison of monthly values of HCI and Tourism Climate Index
(TCI) for four points of Kakheti (Dedoplistskaro, Kvareli, Sagarejo and Telavi) based on data from 1961 to
2010 are carried out.

Key Words: Bioclimate, Tourism Climate Index, Holiday Climate Index.

Introduction

Weather and climate are two factors that in many respects influence on tourism development. Many
climate indices for tourism have been applied in past research [1-6]. The most widely known and applied
index is the Tourism Climate Index (TCI) proposed by Mieczkowski [7]. In south Caucasus countries,
monthly value of TCI be calculated in Georgia, first for Thilisi [8], then for many other locations of
Caucasus (Armenia, Azerbaijan, North Caucasus etc.) [9-16]. For example, the statistical characteristics of
the monthly mean, annual and half year values of tourism TCI and its components for four points of Kakheti
(Telavi, Dedoplistskaro, Kvareli and Sagarejo) in the period from 1961 through 2010 in [14, 16] are
represented. In particular, the changeability of the indicated bioclimatic parameters into 1986+2010 in
comparison with 1961+1985 is studied, and also the trends of values of TCI for higher enumerated points are
investigated.

Despite the TCI’s wide application, it has been subject to substantial critiques [17]. The four key
deficiencies of the TCI include: (1) the subjective rating and weighting system of climatic variables; (2) it
neglects the possibility of an overriding influence of physical climatic parameters (e.g., rain, wind); (3) the
low temporal resolution of climate data (i.e., monthly data) has limited relevance for tourist decision-making;
and (4) it neglects the varying climatic requirements of major tourism segments and destination types (i.e.,
beach, urban, winter sports tourism).

To overcome the above noted limitations of the TCI, a Holiday Climate Index (HCI) was developed
to more accurately assess the climatic suitability of destinations for tourism. The word “holiday” was chosen
to better reflect what the index was designed for (i.e., leisure tourism), since tourism is much broader by
definition (“Tourism is a social, cultural and economic phenomenon which entails the movement of people
to countries or places outside their usual environment for personal or business/professional purposes” [18-
23].

Results of comparison of the holiday climate index and the tourism climate index in Thilisi are
presented in [24]. Comparison of the values and categories of the Tourism Climate Index and Holiday
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Climate Index in Thilisi shows that the intra-annual variation of both indices is similar and has a bimodal
form. However, given that the TCI is calculated for the so-called “average tourist” (regardless of gender, age,
physical condition), the value and category of this index is lower than the HCI values and categories. In
general, HCI more adequately determines the bioclimatic state of the environment for the development of
various types of tourism than TCI [24]. The detailed information on the variability of the monthly values of
the Holiday Climate Index (HCI) in Thilisi in 1956-2015 in [25] are presented. It also presents data on the
interval forecast of variability of HCI values in Thilisi for the next few decades.

This study develops a long-term average of HCI for 12 stations of Kakheti region of Georgia
(Akhmeta, Dedoplistskaro, Gombori, Gurjaani, Kvareli, Lagodekhi, Omalo, Sagarejo, Shiraki, Telavi, Tsnori
and Udabno), detailed analysis of the monthly, seasonally and annually HCIs values over a 60-year period
(1956-2015) for 6 stations of this region (Dedoplistskaro, Gurjaani, Kvareli, Lagodekhi, Sagarejo and Telavi)
and comparison of monthly values of HCI and TCI for four points of Kakheti (Dedoplistskaro, Kvareli,
Sagarejo and Telavi) based on data from 1961 to 2010.

Study Area, Material and Methods

Study area - Kakheti region of Georgia (below - Kakheti). Kakheti is located in the eastern part of
Georgia. Area - 11375 km?, population - 314.7 thous. pers., (including of urban - 71.4 thous. pers.), the
capital of region - Telavi (population - 19.8 thous. pers.) [www.geostat.ge].

A visit to Kakheti can be a fascinating experience because of its beautiful mountain landscapes,
stunning regions, ancient world temples and monasteries, picturesque valleys and rivers and home to amber
grapes that grows under the warmth of the sun. Kakheti is not only famous as a tourism destination, but it is
also locally recognized as Georgia’s center for winemaking.

Studies for 12 locations of Kakheti (Akhmeta, Dedoplistskaro, Gombori, Gurjaani, Kvareli,
Lagodekhi, Omalo, Sagarejo, Shiraki, Telavi, Tsnori and Udabno) are carried out.

Fig. 1 depicts the map of the arrangement of the indicated meteorological stations. Table 1 presents
information about coordinates and heights of these 12 meteorological stations, whose data were used in the
work. These stations that are located from 223 to 1880 meters above sea level and are open to fresh and pure
air because of this.
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Fig.1. Locations of 12 meteorological stations in Kakheti.
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Table 1. Coordinates and heights of the 12 meteorological stations in Kakheti.

Location (Abbreviation) Latitude, N° Longitude, E° Height, m, a.s.l.
Akhmeta (Akhm) 42.02 45.22 567
Dedoplistskaro (Ded) 41.47 46.08 800
Gombori (Gom) 41.86 45.20 1085
Gurjaani (Gur) 41.75 45.80 410
Kvareli (Kvar) 41.97 45.83 449
Lagodekhi (Lagod) 41.82 46.30 362
Omalo 42.38 45.63 1880
Sagarejo (Sag) 41.73 45.33 802
Shiraki (Shir) 41.40 46.33 555
Telavi (Tel) 41.93 45.48 568
Tsnori 41.63 46.02 223
Udabno (Udab) 41.50 45.47 750

In this work the Holiday Climate Index (HCI) is used. The HCI uses five climatic variables related to
the three facets essential to tourism (table 2): thermal comfort (TC), aesthetic (A), and physical (P) facet. The
five climatic variables used for the HCI input are maximum air temperature and relative humidity (TC),
cloud cover (A), precipitation and wind (P) [12].
The HCI score is calculated according to the following formula: HCI=4'T +2'A + 3 Rg+ 1'W. In
tables 2-4 components of Holiday Climate Index, HCI’s rating scheme and HCI’s category are presented.

Table 2. Components of Holiday Climate Index (HCI).

Facet Climatic Variable Index Weighting (%0)
Thermal Comfort (TC) Iag(i?#&?n??rﬁsg?:a:f e( (52) 40%
Relative Humidity (%): Mean RH
Aesthetic (A) Cloud Cover (%) 20%
Physical (P) Amount of Rain (mm) 30%
Wind Speed (km/h) 10%
Table 3. HCI’s Rating Scheme.
Rating T - Effective A - Daily Cloud Rq - Daily W - Wind Speed
Temperature (°C) Cover (%) Precipitation (mm) (km/h)
10 23+25 11+20 0 1+9
9 20+22; 26 1+10; 21+30 <3 10+19
8 27+28 0; 31+40 3+5.99 0; 20+29
7 18+19; 29+30 41+50
6 15+17; 31+32 51+60 30+39
5 11+14; 33+34 61+70 6+8.99
4 7+10; 35+36 71+80
3 0+6 81+90 40+49
2 -5+-1; 37+39 90+99 9+12
1 <-5 100
0 >39 >12 50+70
-1 >25
-10 >70
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Table 4. HCI’s Category.

Catego Categor
HCI Score (Abbre\?iart.%lon) HCI Score (Abbre\?iat)i/on)
90+100 Ideal 40+49 Marginal (Marg.)
80+89 Excellent (Excell.) 30+39 Unfavorable
70+79 Very Good 20+29 Very Unfavorable
60+69 Good 10+19 Extremely Unfavorable
50+59 Acceptable (Accept.) 9+-9; -10+-20 Impossible

For the 12 indicated localities the long-term monthly average values of HCI with the use data of
Georgian National Environmental Agency are calculated. For 6 stations of this region (Dedoplistskaro,
Gurjaani, Kvareli, Lagodekhi, Sagarejo and Telavi) detailed analysis of the monthly, seasonally and annually
HClIs values over a 60-year period (1956-2015) are carried out. Comparison of monthly HCI and TCI values
for four points of Kakheti (Dedoplistskaro, Kvareli, Sagarejo and Telavi) based on data from 1961-2010 are

carried out [14,16].

In the work analysis of data is carried out with the use of the standard statistical analysis methods.
The following designations will be used below: Mean — average values; Min — minimal values; Max -
maximal values; 99% Low and 99% Upp - Low and Upper levels of 99% confidence interval of mean
values; R? - coefficient of determination; R - coefficient of linear correlation.

Results and discussion

Results in the Table 4-18 and Fig. 2-17 are presented.

1. Basic information about HCI for 12 points of Kakheti.

Data about long-term mean of HCI real values at 12 locations of Kakheti in Fig. 2 are presented.
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Fig. 2. Mean of HCI real values at 12 locations of Kakheti.

47

Year Cold Warm

73 66 80
73 65 80
71 62 80
73 68 78
72 68 77
71 67 75
69 63 74
74 67 81
73 66 81
72 66 78
72 67 77
72 64 80




As follows from Fig. 2 mean monthly values of HCI change from 57 (Gombori, March, Acceptable)
to 91 (Omalo, August, Ideal). The variability of HCI values for individual items is as follows:
Akhmeta (59, January — 85, September), Dedoplistskaro (61, January, February — 87, September), Gombori
(57, March — 86, June), Gurjaani (63, January — 84, May), Kvareli (63, January, February — 83, May),
Lagodekhi (61, February — 81, May), Omalo (59, January, April — 91, August), Sagarejo (63, January,
February — 88, September), Shiraki (59, January, February — 89, May), Telavi (62, January, February —
85,September), Tsnori (59, January — 85, October, Udabno (58, January, February — 88, September).

Table 5. Linear correlation coefficient between separated stations on the mean monthly values of HCI
(R min = 0.60, o.= 0.05; R min = 0.56, o.= 0.075; R min = 0.52, a = 0.10; R min = 0.47, a. = 0.15).

Location | Akhm | Ded Gomb | Gur Kvar | Lagod | Omalo | Sag Shir | Tel Tsnori | Udab
Akhm 1 0.97 0.87 0.92 0.89 0.90 0.64 0.97 0.97 0.97 0.82 0.96
Ded 0.97 1 0.91 0.91 0.87 0.89 0.64 1.00 0.96 0.98 0.75 1.00
Gomb 0.87 0.91 1 0.71 0.64 0.66 0.85 0.90 0.78 0.82 0.52 0.93
Gur 0.92 0.91 0.71 1 0.99 0.99 0.38 0.92 0.95 0.97 0.94 0.89
Kvar 0.89 0.87 0.64 0.99 1 1.00 0.32 0.88 0.93 0.95 0.96 0.85
Lagod 0.90 0.89 0.66 0.99 1.00 1 0.35 0.90 0.94 0.96 0.94 0.87
Omalo 0.64 0.64 0.85 0.38 0.32 0.35 1 0.62 0.48 0.53 0.22 0.67
Sag 0.97 1.00 0.90 0.92 0.88 0.90 0.62 1 0.96 0.98 0.76 0.99
Shir 0.97 0.96 0.78 0.95 0.93 0.94 0.48 0.96 1 0.98 0.84 0.94
Tel 0.97 0.98 0.82 0.97 0.95 0.96 0.53 0.98 0.98 1 0.85 0.97
Tsnori 0.82 0.75 0.52 0.94 0.96 0.94 0.22 0.76 0.84 0.85 1 0.72
Udab 0.96 1.00 0.93 0.89 0.85 0.87 0.67 0.99 0.94 0.97 0.72 1

Linear correlation coefficient between separated station on the mean monthly values of HCI changes
as follows (Table 5). Akhmeta: 0.64 (Omalo) - 0.97 (Dedoplistskaro, Sagarejo, Shiraki, Telavi);
Dedoplistskaro: 0.64 (Omalo) — 1.00 (Sagarejo, Udabno); Gombori: 0.52 (Tsnori) — 0.93 (Udabno);
Gurjaani: 0.38 (non sign, Omalo) — 0.99 (Kvareli, Lagodekhi); Kvareli: 0.32 (non sign, Omalo) — 1.00
(Lagodekhi); Lagodekhi: 0.35 (non sign, Omalo) — 1.00 (Kvareli); Omalo: 0.22 (non sign, Tsnori) — 0.85
(Gombori); Sagarejo: 0.62 (Omalo) — 1.00 (Dedoplistskaro); Shiraki: 0.48 (Omalo) — 0.98 (Telavi); Telavi:
0.53 (Omalo) — 0.98 (Dedoplistskaro, Sagarejo, Shiraki); Tsnori: 0.22 (non sign, Omalo) — 0.96 (Kvareli);
Udabno: 0.67 (Omalo) — 1.00 (Dedoplistskaro).

Distribution of mean monthly values of TCI for 12 locations of Kakheti by a ninth power of
polynomial (R? > 0.978) are described. Coefficients of the equation of the regression of the intra-annual
motion of mean monthly values of HCI for these points in Table 6 are presented.

Table 6. Coefficients of the equation of the regression of the intra-annual motion of mean monthly values of
HCI for 12 points of Kakheti.

O'fzﬁé’;rté‘;? HCI = a-X%+b-X%+c.- X +d-X5+e X3+ X*+g-X3+h-X2+i-X+j, (X-Month)
coefficients a b c d e f g h i j R2
Akhm -7.05E-05 3.81E-03 -8.54E-02 1.02E+00 -7.08E+00 2.82E+01 -6.12E+01 6.11E+01 9.50E+00 | 4.65E+01 | 0.978
Ded -2.35E-04 1.35E-02 -3.26E-01 4.37E+00 -3.52E+01 1.76E+02 -5.40E+02 9.72E+02 9.25E+02 | 4.08E+02 | 0.996
Gom -6.56E-05 3.78E-03 -9.19E-02 1.23E+00 -9.81E+00 4.79E+01 -1.41E+02 2.38E+02 2.10E+02 | 1.33E+02 | 0.979
Gur 4.62E-05 2.70E-03 6.75E-02 9.38E-01 7.94E+00 4.22E+01 1.39E+02 2.69E+02 2.74E+02 109E+02 | 0.996
Kvar 2.38E-06 -2.91E-04 1.31E-02 -2.93E-01 3.67E+00 -2.67E+01 1126402 -2.56E+02 288E+02 | -5.82E+0L | 0.990
Lagod -4.37E-05 2.44E-03 -5.61E-02 6.80E-0L -4.68E+00 1.81E+01 -3.67E+01 3.36E+01 -7.02E+00 | 5.81E+0L | 0.993
Omalo 1.57E-04 -9.07E-03 2.22E-01 -3.00E+00 2.44E+401 -1.23E+02 3.82E+02 -6.99E+02 6.78E+02 | -2.00E+02 | 0.990
Sag 4.92E-05 2.88E-03 7.19E-02 9.99E-01 8.46E+00 4.49E+01 1.48E+02 2.87E+02 2.92E+02 116E+02 | 0.997
Shir 1.22E-04 7.16E-03 1.79E-01 2.49E+00 2.11E+01 1.12E+02 3.68E+02 7.14E402 7.27E+02 289E+02 | 0.984
Tel -1.46E-04 8.30E-03 -1.98E-01 2.59E+00 -2.02E+01 9.72E+01 -2.85E+02 4.89E+02 -4.45E+02 | 223E+02 | 0993
Tsnori 2.22E-04 -1.31E-02 3.31E-01 -4.69E+00 4.06E+01 -2.20E+02 7.40E+02 -1.45E+03 149E+03 | -5.31E+02 | 0.996
Udab -2.79E-04 1.61E-02 -3.93E-01 5.30E+00 -4.31E+01 2.17E+402 -6.71E+02 1.22E+03 -116E+03 | 4.95E+02 | 0.997
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In Table 7 information about distribution types of mean monthly values of HCI at 12 locations of
Kakheti are provides.
As follows from this Table in general bimodal distribution type of HCI is observed (10 locations
from 12). For stations Akhmeta, Dedoplistskaro, Sagarejo, Shiraki and Telavi the first and second extremum
in HCI distribution fall on May and September respectively; for stations Gurjaani, Kvareli and Lagodekhi -
on May and September-October; for Tsnori - on April-May and October and for Udabno - on May-June and

September.

For Gombori unimodal distribution type of HCI with plateau in June-September is observed; for
Omalo - unimodal distribution type with maximum in August.

Table 7. Distribution types of mean monthly values of HCI at 12 locations of Kakheti.

. S First Second . Distribution First Second
Location Distribution type Location
extremum extremum type extremum | extremum
Unimodal Au
Akhm eta Bimodal May Sep Omalt_) g
Dedoplistskaro Sagarejo
Gombori Unimodal, plateau June-Sept Shiraki May Sep
Gurjaani Telavi Bimodal
Kvareli Bimodal May Sep-Oct Tsnori Apr-May Oct
Lagodekhi Udabno May-Jun Sep

In Table 8 and 9 data about categories of mean monthly and seasonal values of HCI at 12 locations
of Kakheti in cold and warm period are presented.

Table 8. Categories of mean monthly and seasonal values of HCI at 12 locations of Kakheti in cold period.

Location Jan Feb Mar Oct Nov Dec Cold Year
Akhmeta Accept.
- Good Good
Dedoplistskaro Good 00 00 Very Good
Gombor! Accept. Accept. Accept. Very Good
Gurjaani
Kvareli Good Excell.
Lagodekhi Good
Omalo Accept. Good Good Good Good
Sagarejo Good Good
Very Good
Shiraki Accept. Accept. ery 500
i Vi
TeIaV|_ Good Good ery Good
Tsnori Excell.
Accept.
Udabno Accept. Very Good

Table 9. Categories of mean monthly and seasonal values of HCI at 12 locations of Kakheti in warm period.

Location Apr May Jun Jul Aug Sep Warm
Akhmeta Very Good
Dedoplistskaro Very Good Excell. el Very Good Very Good Excell.
Gombori Good Very Good ' Excell. Excell.
— Excell.
Gurjaani
Kvareli _ Very Good Excell. Very Good Very Good Very Good Very Good
Lagodekhi
Omalo Accept. Good Excell. Ideal Very Good
Sag_arej_o Excell. Excell.
Shiraki Very Good Excell.
Telavi
: Excell. Very Good Very Good Very Good Very Good
Tsnori Excell. Very Good
Udabno Good Excell. Excell. Excell.
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As follows from these Tables, categories of mean monthly and seasonal values of HCI at 12
locations of Kakheti changes from Acceptable to Ideal.

40.0 36.8
35.0 31.9
30.0
250 22.9
R 20.0
15.0 “ ‘
10.0 7.6 | |
5.0 - ‘ 0.7
0.0 | '
Acceptable Good Very Good Excellent Ideal

HCI Category

Fig. 3. Repetition of mean monthly HCI category at 12 locations of Kakheti.

In Fig. 3 information about repetition of mean monthly HCI category at 12 locations of Kakheti is
presented. So, as follows from Tables 8, 9 and Fig. 3 in Kakheti there are favorable conditions for the
development of tourism and resorts throughout the year.

2. Analysis of HCI and HCI components at 6 points of Kakheti in 1956-2015.

Detailed analysis of HCI and HCI components at 6 points of Kakheti from 1956 to 2015 in Fig. 4-15
and Tables 10-15 are presented.

100
90
80
70
60
50
40

HCI

Jin Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Cold Warm

—— Ded Min 53 55 52 53 59 69 65 65 75 60 53 54 69 60 74
—&— Ded Max 69 69 72 89 93 91 85 89 93 89 80 73 76 70 85

Gur Min 57 54 56 57 66 59 65 56 67 64 54 54 69 63 71
—— Gur Max 67 74 7 91 91 85 79 81 91 96 82 73 76 73 82
—*— Kvar Min 56 54 56 61 67 61 61 56 58 59 58 56 69 63 70

Kvar Max 71 73 83 91 91 83 79 81 89 95 84 74 75 72 83
—+— Lagod Min 56 43 54 46 62 56 59 48 62 52 54 49 63 62 63
Lagod Max 69 73 83 91 89 84 78 81 89 93 86 74 74 72 81
Sag Min 53 56 52 51 60 71 69 69 73 60 52 54 70 62 75
—&— Sag Max 71 75 7 89 93 91 85 87 95 91 86 74 78 72 85
—&— Tel Min 53 55 53 57 67 61 63 68 71 60 55 54 69 63 72
—a— Tel Max 72 71 7 89 91 86 79 81 93 96 84 73 75 72 81

Fig. 4. Min and Max values of HCI at 6 locations of Kakheti in different months and season in 1956-2015.

In Fig. 4 and Tables 10,11 data about Min and Max values of HCI and these categories at 6 locations
of Kakheti in different months and season in 1956-2015 are presented. As follows from these Fig. and Tables
values of HCI in 6 locations of Kakheti changes from 43 (Lagodekhi, February, Marginal) to 96 (Telavi,
October, Ideal).
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Table 10. Categories of Min and Max values of HCI at 6 locations of Kakheti in cold period in 1956-2015.

Location | Parameter Jan Feb Mar Oct Nov Dec Cold Year
Ded Min Accept. Good
Ded Max Accept. Good Accept. Excell.
Gur Min Good Very Good | Good Accept.
Gur Max Accept. Ideal Very Good Good
Kvar Min Accept. Very Good Very Good
Kvar Max Very Good Accept. Accept. | Accept. (\5/2?3
Lagod Min Accept. Marg. Excell. Ideal Excell. Marg. Good
Lagod Max Good Very Good Very Good
Sag Min Very Good
Sag Max Accept. Accept. Accept. Good Accept.
Tel Min Very Good | Very Good | Very Good Ideal Very Good Good
Tel Max Very Good

Table 11. Category of Min and Max values of HCI at 6 locations of Kakheti in warm period in 1956-2015.

Location | Parameter Apr May Jun Jul Aug Sep Warm
Ded Min Accept. Accept. Good Good Good Very Good
Ded Max Excell. Ideal Ideal Excell. Excell. Ideal
Gur Min Accept. Accept. Good Very Good
Gur Max Ideal Good Excell. Good Accept. Ideal Excell.
Kvar Min Good Ideal Good Very Good Excell. Accept.
Kvar Max Ideal Excell. Excell.
Lagod Min Marg. Good Accept. Accept. Marg. Good Good
Lagod Max Ideal Excell. Excell. Very Good Excell. Excell. Excell.
Sag Min Very Good Good
Sag Max Accept. Good Ideal Excell. Good Very Good | Very Good
Tel Min Excell. Ideal Good Good Excell. Ideal Excell.
Tel Max Excell. Very Good
90
85
80
75
3) 70
65
60
5 Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec Year Cold Warm
—— Ded 99%_Low 60 60 62 68 81 80 76 77 86 74 65 62 72 65 79
—#— Ded 99%_Upp 62 62 65 74 85 83 79 80 88 78 68 64 73 66 80
Gur 99%_Low 62 62 65 74 82 76 72 73 82 80 68 63 73 68 7
—— Gur 99%_Upp 64 65 69 80 85 79 74 76 85 84 71 66 74 69 79
Kvar99% Low 61 61 64 74 8 73 7. 70 79 79 67 63 72 67 76
Kvar 99%_Upp 64 64 68 79 84 77 73 74 83 85 71 66 73 69 7
—+— Lagod 99%_Low 61 59 63 71 79 72 68 69 77 78 66 61 70 66 74
Lagod 99%_Upp 63 63 67 77 83 76 72 73 82 83 70 65 71 67 76
Sag 99%_Low 61 61 63 69 82 82 77 78 86 75 66 63 73 66 80
—— Sag 99%_Upp 64 64 66 75 87 85 80 81 89 80 70 66 74 67 82
—=— Tel 99%_Low 60 60 63 71 80 76 73 74 83 76 66 62 72 66 77
—a— Tel 99%_Upp 63 63 66 76 84 79 75 76 86 81 69 65 72 67 78

Fig. 5. Low and Upper levels of 99% confidence interval of mean values of HCI at six locations of Kakheti

in 1956-2015.
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Table 12. Category of Low and Upper levels of 99% confidence interval of mean values of HCI at 6
locations of Kakheti in cold period in 1956-2015.

Location | Parameter Jan Feb Mar Oct Nov Dec Cold Year
Ded 99%_Low
= Vi d
Ded 99%_Upp ery Goo Good
Gur 99%_Low Good
Good Excell. Very
0,
Gur 99%_Upp Good
Kvar 99%_Low Very Good Ver
Kvar 99%_Upp Good Good Excell. Good Good Good Goo)(/i
Lagod 99%_Low Accept. Very Good VZ?
Lagod 99% Upp Good Excell. Goo)(;
Sag 99%_Low Very Good
0,
Sag 99% _Upp Good Excell.
Tel 99%_Low Very Good Good
Tel 99%_Upp Excell.
Table 13. Category of Low and Upper levels of 99% confidence interval of mean values of HCI at 6
locations of Kakheti in warm period in 1956-2015.

Location | Parameter Apr May Jun Jul Aug Sep Warm
Ded 99% _Low Good Excell Very Good Very Good
Ded 99%_Upp | Very Good ' Excell. Excell Excell.
Gur 99% Low | Very Good '

Excell. Very Good
Gur 99%_Upp Excell. Verv Good
Kvar 99%_Low y Very Good
Very Good Very Good
Kvar 99%_Upp Verv Good Excell.
Lagod 99%_Low y Very Good Good Good Very Good
Lagod 99%_Upp Excell. Very Good | Very Good Excell.
[0)
Sag 99%_Low Good Excell. Very Good | Very Good Excell.
Sag 99%_Upp | Very Good Excell Excell. Excell. Excell
Tel 99%_Low ' '
= Very Good Very Good | Very Good | Very Good Very Good
Tel | 99% Upp | Y y y y y

In Fig. 5 and Tables 12,13 information about 99%_Low and 99%_Upp levels of mean values of HCI
and these categories at 6 locations of Kakheti in different months and season in 1956-2015 are presented. As
follows from these Fig. and Tables values of HCI in 6 locations of Kakheti changes from 43 (Lagodekhi,
February, Marginal) to 96 (Telavi, October, Ideal). As follows from these Fig. and Tables values of HCI in 6
locations of Kakheti changes from 59 (Acceptable) to 89 (Excellent).

40 _

30
> 20

T

— — v ' - > hﬂjs'
Marg. Accept. Good Very Good  Excell. Ideal

# Ded 0.0 10.7 34.2 26.1 26.4 2.6
= Gur 0.0 5.7 33.8 33.3 25.7 15
& Kvar 0.0 7.9 36.3 30.7 23.8 1.4
®Lagod 0.6 11.8 354 30.1 215 0.6
® Sag 0.0 7.5 34.2 25.0 28.3 5.0
Tel 0.0 8.8 36.7 31.0 23.1 0.6

Fig. 6. Repetition of monthly values of TCI categories at six locations of Kakheti in 1956-2015.
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In Fig. 6 data about repetition of monthly values of TCI category at six locations of Kakheti in 1956-
2015 are presented. The variability of this repetition for separate locations of Kakheti is as follows:
Dedoplistskaro (2,6%, Ideal — 34.2%, Good), Gurjaani (1,5%, Ideal — 33,8% Good), Kvareli (1,4%, ldeal —
36.3%, Good), Lagodekhi (0,6%, Marginal, Ideal — 35.4%, Good), Sagarejo (5,0%, Ideal — 34.2%, Good),
Telavi (0,6%, Ideal — 36.7%, Good).

2 120
1+
S 100
o
g 80
£ 60
>
Z 40
20 H hl
0 d:’*
Marg. Accept Good Very Good ExceII Ideal
# Ded 0 125
| Gur 0 21 123 122 94 6
u Kvar 0 29 132 112 87 5
® Lagod 2 43 129 110 79 2
H Sag 0 27 125 91 103 18
mTel 0 32 134 113 84 2

Fig. 7. Number of days in year of various categories of HCI at six locations of Kakheti in 1956-2015.

Respectively the variability of number of days in year of various categories of HCI for separate
locations of Kakheti is as follows (Fig. 7): Dedoplistskaro (10, Ideal — 125, Good), Gurjaani (6, Ideal — 123,
Good), Kvareli (5, Ideal — 132, Good), Lagodekhi 2, Marginal, Ideal — 129, Good), Sagarejo (18, Ideal — 125,
Good), Telavi (2, Ideal — 134, Good).

In Table 14 and Fig. 8-11 data about Min, Max and mean values of HCI components at six locations

of Kakheti are presented. As follows from these Table and Fig. the monthly values of HCI components
changes from O (Rd, Lagodekhi) to 10 (all components, all locations). The monthly mean values of HCI
components changes from 3.3 (T, Lagodekhi) to 10 (W, all locations besides Lagodekhi).

Table 14. Data of Min and Max values of HCI components at six locations of Kakheti.

Parameter All data Mean monthly 1956-2015 All data Mean monthly 1956-2015
Min | Max Min |  Max Min | Max Min | Max
Dedoplistskaro Lagodekhi
T 2 10 3.3 9.2 2 10 3.6 9.3
A 2 10 4.8 7.0 2 10 4.6 7.0
Rd 5 10 8.4 9.0 0 10 7.7 9.0
W 9 10 9.8 10 8 10 9.6 9.9
Gurjaani Sagarejo
T 2 10 3.6 9.4 2 10 3.4 9.5
A 3 10 5.2 1.4 3 10 5.1 7.4
Rd 2 10 8.1 9.0 2 10 8.3 9.0
W 10 10 10 10 9 10 9.9 10
Kvareli Telavi
T 2 10 3.6 9.6 2 10 3.4 9.6
A 3 10 4.8 7.2 1 10 45 6.5
Rd 2 10 79 9.0 5 10 8.0 9.0
W 10 10 10 10 9 10 9.9 10
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11

Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec Year Cold Warm
—— Ded 33 34 43 64 91 84 68 69 92 69 47 36 61 44 78
—a— Gur 36 39 50 78 94 72 57 59 84 83 51 38 62 49 74
Kvar 36 39 51 78 96 71 57 58 82 85 53 40 62 51 74
—»—Llagod 36 39 51 78 93 70 56 58 82 85 53 39 62 50 73
—*— Sag 34 37 45 66 95 86 71 71 93 72 49 38 63 46 80
Tel 34 37 48 72 96 80 64 66 90 76 51 38 63 47 718

Fig. 8. Mean monthly and seasonal values of T component of HCI at six locations of Kakheti in 1956-2015.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Cold Warm
—— Ded 57 53 48 48 55 65 70 70 69 61 56 58 59 56 63
—8— Gur 60 57 52 53 59 69 73 74 72 64 60 62 63 59 67
Kvar 57 53 48 51 55 66 69 72 69 63 57 59 60 56 64
—»—lagod 56 49 46 47 55 65 68 70 67 60 57 54 58 54 62
—*— Sag 61 57 51 54 60 70 71 74 71 64 59 61 63 59 67
Tel 54 49 45 45 48 58 63 65 64 58 54 56 55 53 57

Fig. 9. Mean monthly and seasonal values of A component of HCI at six locations of Kakheti in 1956-2015.

9.0

8.5

Rd

8.0

7.
5 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Cold Warm

—&— Ded 90 90 90 87 85 84 88 90 88 89 90 90 88 90 87
—&— Gur 90 89 89 85 81 84 86 87 86 88 89 90 87 89 85
Kvar 90 88 87 84 79 79 85 83 81 84 88 90 85 88 82
—»—lagod 89 88 86 79 77 77 81 81 78 81 86 90 83 87 79
—*— Sag 90 90 89 84 83 83 87 87 87 87 89 90 87 89 85
Tel 90 90 89 86 81 80 87 87 86 88 89 90 87 89 84

Fig. 10. Mean monthly and seasonal values of Rd component of HCI at six locations of Kakheti in 1956-
2015.
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95 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Cold Warm

—— Ded 99 98 99 99 100 100 100 100 100 100 100 100 99 99 100
—8— Gur 100 100 100 100 100 100 100 10.0 100 100 10.0 100 100 10.0 10.0
Kvar 100 100 100 100 100 100 100 10.0 100 100 10.0 100 100 10.0 10.0
—»—Llagod 97 97 98 98 99 99 97 98 99 97 96 97 98 97 98
Sag 99 99 99 99 100 100 100 100 100 100 99 99 99 99 100

Tel 100 100 100 99 100 100 100 10.0 100 100 10.0 100 100 10.0 10.0

Fig. 11. Mean monthly and seasonal values of W component of HCI at six locations of Kakheti in 1956-
2015.

Intra-annual distribution of mean monthly values of T component of HCI at six locations of Kakheti
(Fig. 8), as well HCI (Fig. 2, Table 7), bimodal distribution type of this parameter is observed. The first
extremum of T component for all locations in May is observed (range of change: 9.1, Dedoplistskaro — 9.6,
Kvareli, Telavi). The second extremum of T component for Dedoplistskaro, Sagarejo and Telavi in
September is observed, for Gurjaani, Kvareli and Lagodekhi — in September-October. Range of change for
Dedoplistskaro, Sagarejo and Telavi is as follow: 9.0, Telavi — 9.3, Sagarejo. Range of change for Gurjaani,
Kvareli and Lagodekhi is as follow: 8.2, Kvareli, Lagodekhi — 8.5, Kvareli, Lagodekhi.

Intra-annual distribution of mean monthly values of A component of HCI at six locations of Kakheti
(Fig. 9) unimodal distribution type of this parameter is observed. The Max values of A component for all
locations, besides Dedoplistskaro, in August is observed (range of change: 6.5, Telavi — 7.4, Gurjaani,
Sagarejo). In Dedoplistskaro unimodal distribution type with plateau of A value is observed (7.0, July-
August).

Intra-annual variation of mean monthly values of Rd component of HCI at six locations of Kakheti
(Fig. 10) is not very significant. Range of change for separate locations is as follow. Dedoplistskaro: 8.4,
June — 9.0, November-March, August; Gurjaani: 8.1, May — 9.0, December, January; Kvareli: 7.9, May, June
— 9.0, December, January; Lagodekhi: 7.7, May, June — 9.0, December; Sagarejo: 8.3, May, June 9.0,
December — February; Telavi: 8.0, June — 9.0, December — February.

Intra-annual variation of mean monthly values of W component of HCI at six locations of Kakheti
(Fig. 11) is not significant - range of change for all stations — from 9.6 to 10.0.

In Table 15 and Fig. 12-15 data about Min, Max and mean values of share of HCI components in
HCI values at six locations of Kakheti are presented. As follows from these Table and Fig. the monthly
values of share of HCI components changes from 0% (Share Rd, Lagodekhi) to 60.6% (Share T, Gurjaani,
Lagodekhi). The monthly mean values of share of HCI components changes from 11.4% (Share W,
Sagarejo) to 46.8% (Share T, Telavi).

Intra-annual distribution of mean monthly values of Share of T component of HCI value at six
locations of Kakheti (Fig. 12), as well HCI and T (Fig. 2, 8, Table 7), bimodal distribution type of this
parameter is observed. Range of change of Share of T component of HCI value for all stations (first
extremum) is as follow: 44.0%, Dedoplistskaro — 46.8%, Telavi. Range of change of Share of T component
of HCI value (second extremum) for Dedoplistskaro, Sagarejo and Telavi is as follow: 42.2%,
Dedoplistskaro — 42.6%, Sagarejo. Range of change for Gurjaani, Kvareli and Lagodekhi is as follow: 40.1,
Gurjaani — 42.5%, Lagodeknhi.
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Table 15. Data of Min and Max values of share of HCI components in HCI value at six locations of Kakheti,

(%)
Parameter All data Mean monthly 1956-2015 All data Mean monthly 1956-2015
Min [ Max Min | Max Min [ Max Min [ Max
Dedoplistskaro Lagodekhi
Share T 12.3 53.3 21.2 44.0 13.1 60.6 23.1 46.1
Share A 7.5 30.8 13.2 18.5 7.4 29.2 12.5 19.7
Share Rd 19.0 50.9 30.3 44.3 0 50.9 28.1 43.3
Share W 10.0 19.2 115 16.2 9.0 233 12.2 15.9
Gurjaani Sagarejo
Share T 13.1 60.6 224 45.1 15.1 60.0 215 449
Share A 8.5 27.4 13.6 20.0 9.4 26.9 14.1 19.4
Share Rd 9.1 474 28.7 429 10.0 50.9 29.2 43.3
Share W 10.4 18.5 12.0 15.9 10.0 19.6 11.4 15.9
Kvareli Telavi
Share T 12.1 60.0 22.9 46.1 145 54.8 22.1 46.8
Share A 7.5 27.3 13.3 19.9 3.6 274 11.7 17.6
Share Rd 10.0 49.1 28.5 43.0 20.5 50.9 29.3 44.1
Share W 10.5 18.5 12.1 16.0 10.2 18.9 11.8 16.3
< 50
S & g
5 . 2
25
20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Cold Warm
—o—Ded 212 223 268 355 440 411 350 349 422 359 278 227 324 261 388
—&—Gur 224 242 300 401 451 370 312 315 401 401 294 234 329 283 375
Kvar 229 247 306 405 461 378 315 320 407 416 306 249 337 292 381
—»—Lagod 23.1 251 31.0 419 46.1 380 321 327 415 425 311 249 342 296 387
—*— Sag 215 231 277 364 449 414 360 359 426 371 285 236 332 269 395
Tel 221 241 294 389 4658 413 343 348 425 386 298 239 339 280 3938

Fig. 12. Share of mean monthly and seasonal values of T component in HCI value at six locations of Kakheti
in 1956-2015.

19
17
15
13
11

Share A, %

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Cold Warm

—o—Ded 185 172 150 134 132 160 181 180 160 159 167 184 164 169 158
—8— Gur 188 177 153 136 142 178 200 199 172 155 172 190 172 173 171
Kvar 181 168 145 133 133 175 192 199 170 152 165 180 16.6 165 16.7
—%—Llagod 179 158 139 125 136 177 194 197 169 150 16.6 170 163 16.0 16.6
—*— Sag 194 181 157 148 141 168 182 185 162 164 173 188 170 176 164
Tel 175 158 138 122 117 149 171 173 150 148 159 176 153 159 147

Fig. 13. Share mean monthly and seasonal values of A component in HCI value in six locations of Kakheti
in 1956-2015.
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45
42
39
36
33
30
27

Share Rd, %

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec VYear Cold Warm

—o—Ded 441 443 425 370 307 306 341 343 303 350 406 430 372 416 328
—=—Gur 429 423 398 331 287 323 352 350 307 321 388 421 361 397 325
Kvar 430 424 397 329 285 313 354 341 299 309 383 416 357 393 320
—»—Lagod 433 431 400 320 281 310 345 337 291 303 382 427 355 396 314
Sag 433 431 413 349 292 298 331 329 298 336 395 421 360 405 316

Tel 441 439 414 352 293 308 351 346 306 338 396 427 368 409 326

Fig. 14. Share mean monthly and seasonal values of Rd component in HCI value at six locations of Kakheti

in 1956-2015.
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Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec Year Cold Warm
—— Ded 16.2 16.1 157 141 121 122 129 128 115 132 150 159 140 153 126
—&— Gur 159 158 150 131 120 129 136 135 120 123 145 156 139 148 129
Kvar 16.0 16.0 152 132 121 134 139 139 124 123 146 155 141 149 132
—»—Lagod 157 159 151 136 122 134 140 139 125 122 142 154 140 148 133
Sag 159 157 154 140 119 120 128 126 114 129 146 155 137 150 124
Tel 16.3 16.2 155 13.7 122 13.0 135 133 118 128 147 158 141 152 129

Fig. 15. Share of mean monthly and seasonal values of W component in HCI value at six locations of
Kakheti in 1956-2015.

Intra-annual distribution of mean monthly values of Share of A components of HCI value at six
locations of Kakheti (Fig. 13), as well HCI, T and Share T (Fig. 2, 8, 12, Table 7), have a bimodal type. For
Dedoplistskaro, Gurjaani, Kvareli and Telavi first extremum of Share of A distribution in January and
December is observed, for Lagodekhi and Sagarejo — in January. The second extremum of this distribution
for all stations in July-August is observed.

Range of change of Share of A component of HCI value for all stations (first extremum) is as follow:
17.5%, Telavi — 19.0%, Gurjaani; Lagodekhi and Sagarejo — 17.9% and 19.4% respectively. Range of
change of Share of A component of HCI value for all stations (second extremum) is as follow: 17.1%, Telavi
—20.0%, Gurjaani.

Intra-annual distribution of mean monthly values of Share of Rd and Share of W components of HCI
value at all locations of Kakheti (Fig. 14, 15) have a bimodal type. Whereinto for both distributions, the first
and second extremumes coincide in time: December-February and July-August respectively. It should be
noted that in both cases the summer extremum is significantly lower than the winter one.

Range of change of Share of Rd component of HCI value for all stations (first extremum) is as
follow: 41.6%, Kvareli — 44.3%, Dedoplistskaro. Range of change of Share of Rd component of HCI value
for all stations (second extremum) is as follow: 32.9%, Sagarejo — 35.4%, Kvareli.
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Range of change of Share of W component of HCI value for all stations (first extremum) is as
follow: 15.4%, Lagodekhi — 16.3%, Telavi. Range of change of Share of W component of HCI value for all
stations (second extremum) is as follow: 12.6%, Sagarejo — 14.0%, Lagodekhi.

Range of change of different components of HCI for all station in year, cold and warm seasons is as
follow respectively.

T component (Fig. 8). Year: 6.1, Dedoplistskaro — 6.3, Sagarejo, Telavi; cold season: 4.4,
Dedoplistskaro — 5.1, Kvareli; warm season: 7.3, Lagodekhi — 8.0, Sagarejo.

A component (Fig. 9). Year: 5.5, Telavi — 6.3, Gurjaani, Sagarejo; cold season: 5.3, Telavi — 5.9,
Gurjaani, Sagarejo; warm season: 5.7, Telavi — 6.7, Gurjaani, Sagarejo.

Rd component (Fig. 10). Year: 8.3, Lagodekhi — 8.8, Dedoplistskaro; cold season: 8.7, Lagodekhi —
9.0, Dedoplistskaro; warm season: 7.9, Lagodekhi — 8.7, Dedoplistskaro.

W component (Fig. 11). Year: 9.8, Lagodekhi — 10.0, Gurjaani, Kvareli, Telavi; cold season: 9.7,
Lagodekhi — 10.0, Gurjaani, Kvareli, Telavi; warm season: 9.8, Lagodekhi — 10.0, all other locations.

Share of T component (Fig. 12, %). Year: 32.4, Dedoplistskaro — 34.2, Lagodekhi; cold season: 26.1,
Dedoplistskaro — 29.6, Lagodekhi; warm season: 37.5, Gurjaani — 39.8, Telavi.

Share of A component (Fig. 13, %). Year: 15.3, Telavi — 17.2, Gurjaani; cold season: 15.9, Telavi —
17.6, Sagarejo; warm season: 14.7, Telavi — 17.1, Gurjaani.

Share of Rd component (Fig. 14, %). Year: 35.5, Lagodekhi — 37.2, Dedoplistskaro; cold season:
39.3, Kvareli — 41.6, Dedoplistskaro; warm season: 31.4, Lagodekhi — 32.8, Dedoplistskaro.

Share of W component (Fig. 15, %). Year: 13.7, Sagarejo — 14.1, Kvareli, Telavi; cold season: 14.8,
Gurjaani, Lagodekhi — 15.3, Dedoplistskaro; warm season: 12.4, Sagarejo — 13.3, Lagodekhi.

3. Comparison of TCI and HCI at four location of Kakheti in 1961-2010.

Comparison of TCI and HCI values in many investigations are provided [17, 18, 20, 22, 23]. In
Georgia, an analogous study conducted for Thilisi [24].

Comparison of TCI and HCI at four location of Kakheti (Dedoplistskaro, Kvareli, Sagarejo and
Telavi) in 1961-2010 is provided below (Fig. 16, 17, Table 16-18).

In Fig. 16 data about mean monthly and seasonal values of TCI and HCI at four locations of Kakheti
in 1961-2010 are presented.
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40

TCI/HCI

Jn Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec Year Cold Warm
——TCI_Ded 44 44 50 61 75 78 75 77 81 67 52 47 62 51 74
—=®—HCI_Ded 61 61 64 71 83 81 78 78 87 76 68 63 73 66 80
TCI_Tel 47 47 52 60 73 75 71 73 79 65 52 48 62 52 72
—>*—HCI_Tel 61 62 65 73 82 7 74 75 85 79 68 63 72 66 78
TCI_Sag 45 45 52 59 75 79 78 80 80 65 52 48 63 51 75
HCl_Sag 63 63 65 72 85 84 78 80 88 78 69 65 74 67 81
—+—TCI_Kva 45 47 52 64 74 71 65 65 75 69 52 47 60 52 69
——HCI_Kvar 63 63 67 77 84 75 72 73 82 82 69 65 72 68 77

Fig. 16. Comparison of mean monthly and seasonal values of TCI and HCI at four location of Kakheti in
1961-2010.
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Fig. 17. Linear correlation and regression between monthly values of TCI and HCI in Telavi in 1961-2010.

HCI_Ded = 0.5886-TCI_Ded + 35.869, (R=0.93); HCI_Kvar = 0.584-TCI_Kvar + 37.127, (R=0.88);
HCI_Sag = 0.587-TCl_Sag + 36.969, (R=0.92); For all values of R, a<0.005.

Comparison of the values and categories of the Tourism Climate Index [7] and Holiday Climate
Index (Fig. 16, 17, Table 16-18) shows that the intra-annual variation of both indices is similar and has a
bimodal form. Linear correlation between monthly values of TCI and HCI is high (Fig. 17, example for
Telavi) and change from 0.88 (Kvareli) to 0.93 (Dedoplistskaro).

Table 16. Comparison of TCI and HCI categories at four location of Kakheti in cold period of year in 1961-

2010.
Month Jan Feb Mar Oct Nov Dec Cold Year
TCI Ded
HCI Ded
TCI_Tel f/‘é?d
HCI_Tel Marg. Marg. Accept. Go o)(; Accept. Marg. Accept. ?/Zcr);/j
TCI Sag Good Good Good Good Good Good Good
HCI _Sag
TCIl_Kvar Good
HCI_Kvar Excell.

Table 17. Comparison of TCI and HCI categories at four location of Kakheti in warm period of year in

1961-2010.
Month Apr May Jun Jul Aug Sep Warm

TCI _Ded Good Very Good Excell

HCI Ded Very Good Excell. :

TCI_TeI Very Good

H CI:TeI Accept. Very Good Very Good Very Good Very Good

TCI Sag Very Good Excell. Very Good Very Good | Very Good

HCI_Sag Excell. Excell. Excell.
TCIl Kvar Good Very Good Good Good Good
HCI_Kvar Very Good Very Good Very Good Very Good

Comparison of TCI and HCI categories shows, that in cold months, season and year HCI categories
on 1-2 step higher than TCI categories (Table 16). Difference on 2 step in the following cases are observed:

TCI_Marginal

- HCI_Good,

in January,
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February,

December for all stations; TCI_Good -




HCI_Excellent, in October, for Kvareli. Difference on 1 step: TCI_ Acceptable - HCI_Good, in March,
November, Cold season, for all stations; TCI_Good - HCI_Very Good in October for Dedoplistskaro,
Telavi, Sagarejo and in year, for all stations.

Comparison of TCI and HCI categories in warm months and season shows, that HCI categories
either the same than TCI categories, or 1-2 steps higher (Table 17).

Difference on 2 step in the following case is observed: TCI_ Acceptable — HCI_Very Good, in
April for Telavi and Sagarejo.

Difference on 1 step: TCI  Good — HCI Very Good, in April, for Dedoplistskaro and Kvareli; in
July, August and Warm season, for Kvareli; TCI_Very Good — HCI Excellent in May for all stations, in
June for Dedoplistskaro and Sagarejo; in September, for Telavi, Sagarejo and Kvareli; in Warm season, for
Sagarejo.

The same categories: Very Good, in June, for Telavi and Kvareli; in July and August, for
Dedoplistskaro, Telavi and Sagarejo; in Warm season, for Dedoplistskaro and Telavi. Excellent, in
September, for Dedoplistskaro.

Table 18. Comparison of Min and Max values of TCI and HCI and its category for four location of Kakheti

in 1961-2010.
Parameter Value Location/Month/Category
Min 44 Dedoplistskaro, January, February, Marginal
TCI Max 81 Dedoplistskaro, September, Excellent
Mean on Station 62 Good
Min 61 Good, Dedoplistskaro, January,February; Telavi, January
HCI Max 88 Sagarejo, September, Excellent
Mean on Station 73 Very Good

In Table 18 comparison of Min and Max values of TCI and HCI and its category for four location of
Kakheti is provided. As follows from this Table TCI value change from 44 (Dedoplistskaro, January,
February, Marginal) to 81 (Dedoplistskaro, September, Excellent) and HCI value — from 61 (Good,
Dedoplistskaro, January, February; Telavi, January) to 88 (Sagarejo, September, Excellent). Mean on the
one station for TCI is 62 (Good) and for HCI - 73 (Very Good).

However, given that the TCI is calculated for the so-called “average tourist” (regardless of gender,
age, physical condition), the value and category of this index is lower than the HCI values and categories. In
general, HCI more adequately determines the bioclimatic state of the environment for the development of
certain types of tourism (winter tourism, extreme tourism, etc.) than TCI.

Conclusion

In the future, we are planning a more detailed study of the climatic resources of this and other regions
of Georgia for tourism, recreation and treatment (mapping the territory on HCI and TCI, long-term
forecasting of HCI and TCI, determining other modern climatic and bioclimatic indicators for tourism,
recreation and treatment, assessing the adequacy of bioclimatic indicators scales to human health, etc.).
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Kaumarnueckuii Uaaexc Otasixa B Kaxerun (I'py3us)

A.l'. AmupanamBuin, JI. I'. Kapreeanmsuin

Pe3rome

[Ipencrasnensl gaHHBIE O MHOTOJIETHHX CpenHeMecsuHbIX 3HaueHusx Kimmarta Munmekca Otasixa (KHUO)
s 12 HaceneHnbix myHKTOB Kaxermm (Axwmera, [emorumciikapo, ['omGopu, ['ypmxaanm, Ksapenwm,
Jlarogexu, Omano, Carapemxo, Illupaku, Tenasu, I{anopu u Yaabuo). [nst 6 craHiuii 3Toro peruoHa
(Hdenomnucukapo, I'ypmkaanu, Keapenn, Jlarogexu, Carapemko u TenaBu) mpoBelieH JeTanbHBIA aHATN3
MECSYHBIX, CE30HHBIX M ToM0oBbIX 3HadeHwmii KWMO 3a 60-merHuit mepuwon Bpemenu (1956-2015 rr.).
[IpoBeneno cpaBuenne mecsuHbix 3HaueHnd KMO m Kmmmarmueckoro Mupekca Typusma Uit deThipex
nyHnktoB Kaxerun (denorumcukapo, Kapenu, Carapemxo u Tenasu) no ganssM ¢ 1961 mo 2010 rr.
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ABSTRACT

Study on connection of Holiday Climate Index (HCI) and its components and components ratings with public
health (on Example of Thilisi - mortality by cardiovascular deseases and Kakheti Region of Georgia -
ambulance calls, hospitalization, total mortality are presented).

It is shown that, in general, all indicators adequately correspond to the degree of bioclimatic comfort of the
living environment for people. In particular, the relationship between HCI and mortality in Thilisi has the
form of a second-degree polynomial, and in Kakheti - a third-degree polynomial. At the same time, with an
increase in the degree of bioclimatic comfort to the category "Very good", there is a tendency for a decrease
in mortality. With the transition to the “Excellent” category, there is a slight increase in mortality. A similar
result for some components of the HCI and the ratings of these components was obtained.

It is proposed to make adjustments in determining the degree of comfort of bioclimatic index scales for the
population, taking into account local social and climatic conditions.

Key words: Holiday Climate Index (HCI), public health, ambulance calls, hospitalization, mortality.

Introduction

Studies of weather conditions, climate change, atmospheric air quality, and also of different
heliogeophysical and space factors for the human organism, are conducted in many countries of the world
[1-8].

A significant number of works are devoted to the study of the impact on human health of individual
meteorological and heliogeophysical elements, space weather parameters, etc. In particular, these elements
include: air temperature [5, 8-11], wind speed [11], humidity [12], atmospheric pressure [13], solar activity
(Wolf’s number) [12-15], the geomagnetic fields [16-18], solar radiation [9], the cosmic rays [9, 19], light
ions [9, 20,21], aerosols [9, 22], ozone [9, 23], other air toxic admixtures and etc. [9, 24].

It is well known that the effects of a significant increase in the mortality of population with the strong
cold and the extreme heat [25-31]. For determining the extent of comfort or discomfort of the human living
environment for her health (so-called “average person”) frequently are used different simple and complex
thermal indices [32-36].

Simple thermal indices involve more than one meteorological parameter and consider the combined
effects on human organism (air equivalent- effective temperature - EET, Wet-bulb-globe temperature -
derived from energy budget models. Such indices are popular in recent years, for example: Physiologically
Equivalent Temperature (PET), Standard Effective Temperature (SET), Physiological Subjective
Temperature and Subjective Temperature (MENEX), the Universal Thermal Climate Index (UTCI) etc. [37-
41)).
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Action on the human organism by the higher indicated factors have different scales - from minute, hour,
day, decade and month to the seasonal and annual [5,7,9,14,17,19,23,30,31,33,36,42-44]. For example, in the
works [43,44] is obtained that the dependence of mortality on EET takes the classical form - the decrease of
mortality from the gradation "Sharply Coldly" to "Comfortably" with further increase to the gradation
"Warmly". It is found in the works [30,31] that the relationship between the average monthly air temperature
in Kutaisi and Kakheti region and such indices of the health of population as the total number of emergency
medical calls, cases of hospitalizations and deaths has the form of a third power polynomial. In general, in
the warm months there is a decrease of the total number of emergency medical calls, cases of
hospitalizations and deaths. In the hot months, there is a worsening in these indicators of health, comparable
to the cold months of the year (increase of the emergency medical calls, cases of hospitalizations and
deaths).

For the bioclimatic zoning of territories (including for evaluating the bioclimatic potential of health
resort- tourist industry) frequently is used the mean monthly values of simple thermal indices [33,42,45,46].

The standard scale and categories of the majority of these indices is usually used in this case for
describing the real (hour or day) bioclimatic situation. In the latter case, as a rule, with the monthly
averaging of meteorological data occurs range reduction of the scale of thermal indices and decrease of its
sensitivity for evaluating the degree of the bioclimatic comfort of environment for the people. Therefore, the
numerical values of the standard scale of thermal indices always cannot coincide with the verbal description
of the categories of these indices. The results of investigating the connection of eight simple thermal indices
and Tourism Climate Index with the monthly mortality of the population of Thbilisi city apropos of the
cardiovascular diseases, which made it possible to estimate the representativeness of the standard scales and
categories of the indicated indices as the bioclimatic indicator in monthly time scale, were represented in
[36].

In this work, comparative analysis of the connection of eight simple thermal indices and Tourism
Climate Index (TCI) [47] with the monthly mortality of the population of Thilisi city apropos of
cardiovascular diseases is represented. The values of simple thermal indices were calculated with the use of
mean monthly and mean monthly for 13 hours data of meteorological elements. Between all studied simple
thermal indices practically direct functional connection with the coefficient of linear correlation not lower
than 0.86 is observed. The connection of simple thermal indices with the TCI is nonlinear and takes the form
of third power polynomial. The possibility of using the standard scales and categories of the indicated
indices as the bioclimatic indicator in monthly time scale is studied. As a whole, all indices adequately
correspond to the degree of the bioclimatic comfort of environment for the people - with an increase in the
level of comfort the mortality diminishes. Most representative for this purpose is Missenard air effective
temperature in 13 hours.

This work is a continuation of the study [36]. Results of investigation on connection of Holiday Climate
Index (HCI) and its components and components ratings [48-51] with public health (on Example of Thilisi -
mortality by cardiovascular deseases and Kakheti Region of Georgia - ambulance calls, hospitalization, total
mortality) are presented below.

Study Area, Material and Methods

Study area — Thilisi and Kakheti region of Georgia (below - Kakheti).

In this work the Holiday Climate Index (HCI) is used. The HCI uses five climatic variables related to
the three facets essential to tourism (table 2): thermal comfort (TC), aesthetic (A), and physical (P) facet. The
five climatic variables used for the HCI input are maximum air temperature and relative humidity (TC),
cloud cover (A), precipitation and wind (P) [48].

The HCI score is calculated according to the following formula [48]:

HCI=4T+2A+3Rg+1W.

This formula uses the following bioclimatic indicators and ratings of these indicators. Thermal
Comfort (TC) - effective temperature (°C) [47] — combination of maximum dry-bulb temperature and mean
values of relative humidity (%), rating of TC is T; CC - daily cloud cover (%), rating of CC is A; DP - daily
precipitation (mm), rating of DP is Rq; WS - wind speed (m/sec or km/hour), rating of WS is W. Values of
all HCI components rating change from 0 to 10 [48-51]. Note that below the physical dimensions of the
studied parameters are omitted.
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In this work the data of HCI for Thilisi is used [49]. For Kakheti, these data were averaged over six
locations of this region (Dedoplistskaro, Gurjaani, Kvareli, Lagodekhi, Sagarejo and Telavi) [51].

The population health indicators are as follows. Mean monthly decade mortality by cardiovascular
deseases — M; mean monthly decade values of ambulance colls - AC, hospitalization — H; total mortality —
™.

In the work analysis of data is carried out with the use of the standard statistical analysis methods.
The following designations will be used below: Mean — average values; Min — minimal values; Max -
maximal values; Range: Max — Min; St Dev — standard deviation; Cv, % - coefficient of variation: Cv = 100-
St Dev/Mean; R? - coefficient of determination; R - coefficient of linear correlation; a - level of significance.

R(M), ... etc. - coefficient of linear correlation between mortality, ... etc. with mean monthly values
of HCI componets and these ration respectivelly; a (R(M)), ... etc. - the corresponding values of the
significance level of the linear correlation coefficient.

Results
Results in Table 1-6 and Fig. 1-13 are presented.

Table 1. Statistical characteristics of mean monthly values of HCI and mean monthly decade mortality by
cardiovascular deseases in Thilisi in 1980-1990.

Variable HCI HCI Category Mortality
Mean 73 Very Good 105
Min 53 Acceptable 70
Max 89 Excellent 168
Range 36 98
St Dev 8.7 17.3
Cv, % 11.9 24.7

In Table 1 statistical characteristics of mean monthly values of HCI and mean monthly decade
mortality by cardiovascular deseases in Thilisi in 1980-1990 is presented. As follows from this Table values
of HCI change from 53 (category - Acceptable) to 89 (category - Excellent). Values of M change from 70 to
168.
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Fig.1. Connection between mean monthly values of HCI with mean monthly decade mortality by
cardiovascular deseases in Thilisi in 1980-1990.

Connection between mean monthly values of HCI with mean monthly decade mortality by
cardiovascular deseases in Thilisi (Fig. 1) has the form of a second degree polynomial. It should be noted
that with an increase of the HCI values, in general, a decrease of mortality is observed. At the same time, at
high values of HCI, mortality tends to increase.
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This fact is also clearly demonstrated in Fig. 2. As follows from Fig. 2 in the range of HCI
categories Acceptable — Very Good, mortality by cardiovascular deseases in Thilisi decreases. With the
transition of HCI categories from Very Good to Excellent - mortality increases. And although this growth is
statistically insignificant, the some trend is still observed.
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Fig.2. Mean monthly decade mortality by cardiovascular deseases at different HCI categories in Thilisi in
1980-1990.

It should be noted that in our early studies [36, 42] it was found that the relationship between the
Tourism Climate Index (TCI) and mortality by cardiovascular deseases in Thilisi has an inverse linear
relationship. At the same time, for both TCI categories Very good and Excellent, the mortality rate in Thilisi
was the same.

Table 2. Statistical characteristics of HCI components and ratings of these components in Thilisi in

1980-1990.
Variable TC T cC A DP Rd WS W
Mean 19.2 6.2 59 5.6 40.1 8.9 0.9 10.0
Min 1.6 3 2.8 3 0.0 8 0.1 8
Max 34.1 10 9.0 9 158.7 10 1.9 10
Range 325 7.0 6.2 6.0 158.7 2 1.8 2
St Dev 9.4 2.1 1.2 1.2 334 0.3 0.4 0.2
Cv, % 48.8 33.3 19.5 21.8 83.4 3.6 44.2 2.5

In Table 2 statistical characteristics of HCI components and ratings of these components in Thilisi in
1980-1990 are presented. As follows from this Table the variability of the investigated parameters is as
follows. TC: — mean — 19.2, range of change — 1.6+34.1; T: mean — 6.2, range of change — 3+10; CC: mean —
5.9, range of change — 2.8+9.0; A: mean — 5.6, range of change — 3+9; DP: mean — 40.1, range of change —
0.0+158.7; R4: mean — 8.9, range of change — 8+10; WS: mean — 0.9, range of change — 0.1+1.9; W: mean —
10.0, range of change — 8+10.

Table 3. Linear correlation coefficient between HCI components and ratings of these components with mean
monthly decade mortality by cardiovascular deseases in Thilisi in 1980-1990.

Variable TC T CcC A DP Rd WS W
R(M) -0.65 -0.36 0.25 -0.23 -0.14 0.09 -0.18 0.00
« (R(M)) | <0.005 | <0.005 | 0.005 0.01 0.10 no sign 0.05 no sign

In Table 3 information about linear correlation coefficient between HCI components and ratings of
these components with mean monthly decade mortality by cardiovascular deseases in Thilisi is presented.
The largest value of the linear correlation coefficient between the values of M and the HCI components is -
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0.65 (with TC), the smallest is -0.14 (with DP). The largest value of the linear correlation coefficient
between the M values and the ratings of the HCI components is -0.36 (with T), the smallest is 0.0 (with W).
Thus, the TC and T parameters make the main contribution to the mortality by cardiovascular deseases
variability.

For example, in Fig. 3 shows a graph of the linear correlation between the values of TC and M.
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Fig.3. Connection between mean monthly values of TC with mean monthly decade mortality by
cardiovascular deseases in Thilisi in 1980-1990.

Connection between mean monthly values of T with mean monthly decade mortality by
cardiovascular deseases in Thilisi in Fig. 4 is presented. As follows from this Fig. coonection between
indicated parameters has the form of a second degree polynomial (R? = 0.3078, a<0.005).
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Fig.4. Connection between mean monthly values of T with mean monthly decade mortality by
cardiovascular deseases in Thilisi in 1980-1990.

Note that the second degree polynomial describes the relationship between M and T better than
linear regression (R = -0.36, or R? = 0.1239, a<0.005, Table 3). Fig. 4 also implies that, in general, with an
increase in the values of T, mortality decreases, with the exception of values of T> 9 (some increase in
mortality). This fact determines the connection between HCI and M in the case of the HCI category
"Excellent”" (some increase in mortality, Fig.2).

The statistical characteristics of mean monthly values of HCI and mean monthly decade values of
ambulance calls, hospitalization and total mortality in Kakheti in 2013 and 2015 in Table 4 are presented.
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Table 4. Statistical characteristics of mean monthly values of HCI and mean monthly decade values of
ambulance calls, hospitalization and total mortality in Kakheti in 2013 and 2015.

Variable HCI Ambulance Calls Hospitalization Total mortality
Mean 71 1753 435 15
Min 62 1184 296 8
Max 84 2265 623 26
Range 22 1081 326 18
St Dev 6.8 335.8 79.0 4.2
Cv, % 9.6 19.1 18.2 28.0

As follows from this Table values of HCI change from 62 (category Good) to 84 (category
Excellent). Values of ambulance calls change from 1184 to 2265, hospitalization - from 296 to 623, total

mortality - from 8 to 26.
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Fig.7. Connection between mean monthly values of HCI with mean monthly decade value of total mortality
in Kakheti in 2013 and 2015.

In Fig. 5-7 connection between mean monthly values of HCI with mean monthly decade value of
ambulance calls, hospitalization and total mortality in Kakheti are presented. As follows from these Fig. all
the indicated connections have the form of a second degree polynomial (as in the case of Thilisi, Fig.1).
That is, in general with an increase of HCI values, there is a decrease of the values of AC, H and TM, and
with the HCI category Excellent), their slight increase.

Table 5. Statistical characteristics of HCI components and ratings of these components in Kakheti in 2013

and 2015.
Variable TC T CcC A DP Rd WS W
Mean 19.8 6.0 5.8 5.8 73.6 8.5 1.0 10
Min 6.3 3.3 3.8 3.8 17.0 6.5 0.8 10
Max 33.8 9.8 8.0 8.0 202.1 9.0 1.3 10
Range 27.5 6.5 4.2 4.2 185.1 25 0.5 0
St Dev 9.4 1.8 1.2 1.2 48.8 0.6 0.1 0
Cv, % 47.3 30.3 20.7 20.7 66.3 7.6 11.7 0.0

In Table 5. statistical characteristics of HCI components and ratings of these components in Kakheti
in 2013 and 2015 are presented. As follows from this Table the variability of the investigated parameters is
as follows. TC: — mean — 19.8, range of change — 6.3+33.8; T: mean — 6.0, range of change — 3.3+9.8; CC:
mean — 5.8, range of change — 3.8+8.0; A: mean — 5.8, range of change — 3.8+8.0; DP: mean — 73.6, range
of change — 17.0+202.1; Rq4: mean — 8.5, range of change — 6.5+9.0; WS: mean — 1.0, range of change —
0.8+1.3; W: mean — 10, range of change — 10+10.

Table 6. Linear correlation coefficient between HCI components and ratings of these components with mean
monthly decade values of ambulance colls, hospitalization and total mortality in Kakheti in 2013 and 2015.

Variable TC T CC A DP Rd WS w
R(AC) -0.37 -0.20 -0.30 -0.30 -0.28 0.28 0.05 0.00
a (R(AQ)) 0.075 0.35 0.15 0.15 0.2 0.2 nosigh | nosigh

R(H) -0.06 -0.29 -0.24 -0.24 -0.17 0.22 -0.22 0.00
a (R(H) no sign 0.15 0.26 0.26 no sign 0.30 0.30 no sign
R(TM) -0.57 -0.46 -0.22 -0.22 -0.25 0.26 0.35 0.00
a (R(TM)) 0.005 0.02 0.30 0.30 0.24 0.22 0.1 no sigh
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In Table 6 data about linear correlation coefficient between HCI components and ratings of these
components with mean monthly decade values of ambulance colls, hospitalization and total mortality in
Kakheti are presented.

The largest value of the linear correlation coefficient between the values of AC and the HCI
components is -0.37 (with TC), the smallest is 0.05 (with WS). The largest value of the linear correlation
coefficient between the AC values and the ratings of the HCI components is -0.30 (with A), the smallest is
0.0 (with W).

The largest value of the linear correlation coefficient between the values of H and the HCI
components is -0.24 (with CC), the smallest is -0.06 (with TC). The largest value of the linear correlation
coefficient between the H values and the ratings of the HCI components is -0.29 (with T), the smallest is 0.0
(with W).

The largest value of the linear correlation coefficient between the values of TM and the HCI
components is -0.57 (with TC), the smallest is -0.22 (with CC). The largest value of the linear correlation
coefficient between the TM values and the ratings of the HCI components is -0.46 (with T), the smallest is
0.0 (with W).

For example, in Fig. 8-13 shows a graphs of the connections between the values of TC and T with
values of ambulance calls, hospitalization and total mortality in Kakheti.
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Fig.8. Connection between mean monthly values of TC with mean monthly decade value of ambulance calls
in Kakheti in 2013 and 2015
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Fig.9. Connection between mean monthly values of T with mean monthly decade value of ambulance calls in
Kakheti in 2013 and 2015.
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Kakheti in 2013 and 2015.
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Fig.13. Connection between mean monthly values of T with mean monthly decade value of total mortality in
Kakheti in 2013 and 2015.

So, the relationship between the values of TC and AC is inverse linear, and between T and
AC - a polynomial of the second degree (Fig. 8 and 9); the relationship between the values of TC
and H is a polynomial of the second degree, and between T and H - inverse linear (Fig. 10 and 11);
the relationship between the values of TC and TM and T and TM are a polynomial of the second
degree (Fig. 11 and 13).

Thus, the relationship between the HCI and the health indicators of the population in Thilisi and
Kakheti is in general similar to the classical form of mortality distribution according to the scale of thermal
indices (a decrease in mortality from gradations with low uncomfortable values of the scale to comfortable
ones, and then there is an increase in mortality in gradations with high uncomfortable values scale) [36].

Therefore, in our opinion, it is desirable to make adjustments in determining the degree of comfort of
the HCI scale (as well as scales of other bioclimatic indices), taking into account local social and climatic
conditions.

Conclusion.

In the future, we are planning to envisage conducting similar studies for other regions of Georgia.
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CBsA3b KIIMMATHY€CKOT0 MHIEKCA 0TbIXa CO 310POBbEM JIKAei
(ua mpumepe Touaucu u Kaxerunckoro peruona, I'pysusi)

A.I'. AMupanamBmwin, A. A. Pesumusmwiu, K. P. Xazapaase, H. /1. I:xkanapuase

Pe3rome

[IpencraBneno wuccienoBanue cBsizu Kimmartnyeckoro Hupekca Otapixa (KMO), ero KOMIIOHEHT H
PEUTHHIOB 3THUX KOMIIOHCHT Ha 3J0pOBbe JIOcH (Ha mpumepe TOWIMCH - CMEPTHOCTh OT CEpACUHO-
cocyaucThIx 3aboneBannii 1 KaxernHckoro pernona ['py3un — KOTUYECTBO BEI30BOB CKOPOI MEAMIIMHCKOM
TTOMOIIIH, TOCITUTATN3AII, 00IIIeil CMEPTHOCTH).

[lokazaHo, 4To B WENOM Bce IOKa3aTelW aJeKBAaTHO COOTBETCTBYIOT CTENEHH OHOKINMATHYECKOH
KOM(OPTHOCTH cpenbl oouTanus 1is aroaei. B wactHoctH, cBsi3b KMO co cmeptHOCTRIO B TOMIIMCH nMeeT
BHJI IOJIMHOMA BTOPOU crerneHu, a B Kaxerun — nmonmHoma TpeThell creneHu. [Ipu 3ToM, ¢ MOBBIICHHEM
CTCTICHU OMOKJIMMATHYECKON KOM(pOPTHOCTH A0 Kareropuu “OueHb XOpolias” HaOIIOAAeTCs TCHICHIUS
yMeHblIeHus: cmepTHocTH. C TiepexoloM Ha YpoBeHb KOMQOpTHOCTH ¢ Kareropueit “IlpeBocxomnas’™
OTMEYaeTcs HEKOTOPBIA POCT CMEPTHOCTH. AHAJIOTHYHBIN pe3ysIbTaT MOIY4YeH JUIsl HEKOTOPBIX KOMIIOHEHT
KHMO u pedTHHrOB 3THX KOMIIOHEHT.

[pennaraeTcss BHECTH KOPPEKTHUPOBKH B OIpEJeNieHHE CTEeHH KOM(OPTHOCTH MIKan OMOKIUMATHYECKUX
WHZAEKCOB JUI HACEJIEHUS C YYETOM MECTHBIX COLIMATBHBIX U KIIMMATHYECKUX YCIOBHH.
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