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Abstract: The paper concerns influences of global warming on a climate change in Georgia and health of the
population. In particular, one important parameter of a human thermal comfort - a heat index- (that represents
a combination of the air temperature and relative humidity) has been investigated. The investigation was carried
out on the base of real data collected in the Ministry of Preservation of the Environment of Georgia. Typical
characteristics of the heat index -two most typical fuzzy expected values: fuzzy expected value and modified
clustering fuzzy expected value - were calculated and on their base the changes of a heat index in Georgia were
shown.
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1 Introduction

The global warming [3] is a well-known problem that
leads to the climate change and has a great impact on
the human health. Among several parameters that al-
low to estimate this effect (for example, variation on
the intensity of solar radiation, wind spreed, etc.) a
heat index (HI) is often used. A heat index is a com-
bination of air temperature and air humidity. HI deter-
mines the human-perceived equivalent temperature. A
good example of the difference between a heat index
and a true temperature would be comparing the cli-
mates of Miami and Phoenix. Miami averages around
90◦F in summer due to the easterly trade winds com-
ing from the Atlantic Ocean, but it has a high humid-
ity (e.g. 75%). Phoenix averages around 104.5◦F in
summer, but typically has a low humidity (e.g. 10%).
According to the heat index, the relative temperature
in Miami will be 109.5◦F, but the relative temperature
in Phoenix will be lowered due to the lower humidity,
to around 98.6◦F. Given sunshine, Miami is likely to
feel hotter than Phoenix [4].

There are several ways to estimate HI: by special
formulas (for example, Steadman [8] that will be dis-
cussed further in the paper) or due to the special tables
where empirical data are collected. For example, Fig-
ure 1 shows dependences, i.e., HI, between relative
humidity (RH) and air temperature in◦C (modified

from [1]). The data in this table are subjective estima-
tions of the human thermal comfort in Celsius.

Notice, that in applications, HI is measured in
Celsius or in Fahrenheit.

Investigation of HI are mainly carried out in the
following directions:

• influence of HI onto human health;

• HI prognoses in countries under global warming
circumstances.

For example, impacts of HI (shade values) based
on the investigations done in [4] are presented in the
Table 1.

Methods, used for HI prognoses, usually depend
on data available. From this point, data collected in
Georgia are immense and allow a wide spectrum of
experiments.

Observations of the global warming influence on
the climate change have been started in Georgia since
middle 50th [9]. Since that time empirical data are
collected. We chose information about air temper-
ature and air humidity is collected in the four main
cites of Georgia: Tbilisi, Poti, Lentexi, Dedoplist-
skharo during the two periods (1955-1970 and 1990-
2007), and only five months are taken into considera-
tion (May, June, July, August, September).
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Figure 1: Heat index chart [1] (temperature and relative humidity)

Table 1: Effects of the heat index (shade values)

Wehave investigated these empirical data and re-
sults of our investigation are presented in this paper.
Out task was to deduce typical characteristics of the
heat index for each this month and on its base to in-
vestigate the changes of a heat index in Georgia.

Why the task just mentioned is important? It is
not possible to define exactly how hot was this or
another month, which criteria to choose: maximum
value of heat indexes, or the number of days with a
high heat index, or an intensiveness, or a relativity of
heat indexes, or may be something else? In this case
the methods based on fuzzy set theory are very well
suitable. We chose the methods of FEV [6, 7] and
CFEV [10], compared them. The last one we have
modified due to our practical demands.

The paper is organized as follows. In Section 2
we shortly describe the data available for the inves-
tigation, how they are organized and how a heat in-
dex is calculated. In Section 3 FEV and CFEV ap-
proaches are applied to our problem. Modification of
CFEV is described. In Section 4 we compare these
two approaches and the final remarks and conclusions
are collected in Section 5.

2 Heat Index in Georgia

As was already mentioned in the Introduction, for
our investigations we have used information about air
temperature and air humidity of the four main cites if
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Figure 2: A screening of the front-page of the program
with heat indexes on the low part of it.

Georgia: Tbilisi, Poti, Lentexi, Dedoplistskharo dur-
ing two periods (from 1955 till 1970 and from 1990
till 2007) and only five months are taken into consid-
eration (May, June, July, August, September). These
data are a privilege of Ministry of Preservation of the
Environment of Georgia and they are actively used in
daily work of the Second Communication of Georgia
to the United Nations Framework Convention on Cli-
mate Change (UNFCCC).

A special program was written to use these data
flexibly. It means the data can be visualized graphi-
cally or in the form of tables, and simple manipula-
tions - such as automatically calculation of heat index
of each month, each year, each period; finding mini-
mal and maximal values of the heat indexes of a pe-
riod, etc., - are implemented (e. g., see Figure 2).

Notice that a simple dependence between air tem-
perature and air humidity does not exist. In our in-
vestigation we have used the calculations based on
the work of G. Steadman [8]: the author proposed a
formula for approximating the heat index in degrees
Fahrenheit. It is useful only when the air temperature
is at least 80◦F and the relative humidity is at least
40% (this is a case for Georgia):

HI = c1+c2T +c3R+c4TR+c5T
2+c6R2+c7T2R+

c8TR2 +c9T2R2

where
HI is a heat index (in degrees Fahrenheit);

T is an ambient temperature (in degrees Fahren-
heit);

R is a relative humidity (in percent);
c1 = −42.379; c2 = 2.04901523;

c3 = 10.14333127; c4 = −0.22475541;
c5 = −6.83783× 10−3; c6 = −5.481717× 10−2;
c7 = 1.22874× 10−3; c8 = 8.5282 × 10−4;
c9 = −1.99×10−6.

The results of HI calculation for Tbilisi in August
are presented in Figure 2 (down the map).

3 Fuzzy expected value

Having HI at hand, a question is how to characterize
a period of time (week, month, etc.) - hot or not hot,
normal, very hot and so on - thus, to give character-
istics that used by people for estimations. Based on
these characteristics we can estimated a tendency of
HI developing in Georgia and the next step (do not
considered in this paper) to estimate an influence of
HI change on the human health.

One can use a maximal value of HI during the
period, or a number of days with a high heat index,
relative frequencies of heat indexes and some criteria
else. The difficulty is that each of these characteris-
tics do not reflect the influence of HI on the health in
all complexity: for example, it has been established
that the human health is sensitive to the heat waves.
To capture the majority of the HI characteristics an
approach based on fuzzy sets have been chosen. For
estimation we have taken fuzzy expected value and
clustering fuzzy expected value approaches.

The fuzzy expected value has been introduced by
A. Kandel to indicate the most “typical” grade of the
membership of a given fuzzy set and the correspond-
ing element from the universe.

Let us briefly describe FEV [6, 7].
Consider a fuzzy setA : X → [0,1], X =

{x1,x2, ...,xn} (discrete case). Let membership de-
grees be ordered as follows:A(x1) ≤ A(x2) ≤ ·· · ≤
A(xn). Let µ be a fuzzy measure defined over the sub-
sets ofX. Then the fuzzy expected value FEV, ofA is
defined as follows

FEV =de f max{A(xi)∨µ(Xi)} (1)

whereXi ⊂ P(X), P(X) is a power set ofX.
The FEV(A) may be calculated as the median

of the set{A1, . . . ,Am,µ1, . . . µm−1}, whereAi = A(x),
1 ≤ i ≤ m, 0 ≤ A1 ≤ A2 ≤ . . .Am ≤ 1 and, µi =
1
N ∑m

j=i+1n j , 1 ≤ i ≤ m− 1, N = ∑m
i=1 n j and ni is a

finite population.
For more details about FEV a reader is referred to

the corresponding sources [6, 7].
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Let us consider an example. Let HI (in Celsius)
each day a month (see Figure 4(a)) be given. A fuzzy
sethot weather is given as shown in Figure 3(a). No-
tice that a user can choose another type of a mem-
bership function. Using the fuzzy sethot weather,
each HI of a day is assigned a membership degree in
the fuzzy sethot weather. For example, HI of the
second day (see Figure 4(a)) is 41◦C. The member-
ship of this value in the fuzzy sethot weatherdue the
diagram (Figure 3(a)) is 0.71. Analogically, for the
whole month such fuzzification is done and the corre-
sponding fuzzy set (let us call ithigh HI ) is shown in
Figure 4(b).

Notice, that the fuzzy sethot weather is divided
into segments, and each segment has a linguistic name
( warm, very warm, hot, very hot) and is expressed by
different colors (see Figure 3(a)).

In the same way the fuzzy sethigh HI (see Fig-
ure 4(b)) is divided into different color-segments, that
show the ranges of HI.

Results from Figure 4(b) are summarized in the
Table 3, where abbreviation “Gr”, “Int”, “Mem.”
are for groups, interval and membership, correspond-
ingly.

The first column of the Table 3 is a linguistic
name of a segment from the fuzzy sethot weather:
warm, very warm, hot, very hot; the second column
shows segments’ interval representation; the third col-
umn shows how many days have the HI from the cor-
responding segment. The last, forth, column repre-
sents membership degrees. Let us call the elements
from the last column thresholds. As can be seen, we
have four different thresholds: 0.22, 0.45, 0.56, 0.64.

The next step in the process of finding FEV for
the fuzzy sethigh HI for this month is to check how
many days are above each threshold (in percentage
terms, see (1)),N is the number of all days, in our
caseN = 31. As can be seen, 31 days HI is above or
equal to 0.22; 14 days HI is above or equal to 0.45;
4 days air temperature is above or equal to 0.56; 1
days HI is above or equal to 0.64. Pairing the data and
rearranging it by increasing order of the membership
grade, due to (1), we obtain the following four pairs:

(0.22;1.00)
(0.45;0.45)
(0.56;0.13)
(0.64;0.03)

Now, the minimum value of each pair is
min(0.22;1.00) = 0.22; min(0.45;0.45) = 0.45;
min(0.56;0.13) = 0.13; min(0.64;0.03) = 0.03
and, therefore, following (1), the FEV, which is the
maximum of all these minima, is

max(0.22;0.45;0.13;0.03) = 0.45

Gr. Int. Days Mem.
warm [4.20◦C−26.60◦C) 17 0.22
very warm [26.6◦C−32.2◦C) 10 0.45
hot [32.2◦C−40.5◦C) 3 0.56
very hot [40.5◦C−54.4◦C) 1 0.64

Table 2

(a) Fuzzy set hot
weather

(b) Legend

Figure 3

Thus, the FEV is 0.45. From this result and the
corresponding linguistic descriptions (see Figure 3)
we can state that the fuzzy expected month temper-
ature isvery warm.

At Figure 5 the FEVs for Tbilisi in August for
periods 1955-1970 and 1990-2007 are presented.

3.1 Some remarks concerning FEV

It has been suggested that FEV “may occasionally
generate improper results”[10]. This can be explained
because the computation of FEV suggests that the
“opinions”of people and the “percentages” of people
having those opinions are related by the definition of
the fuzzy measure to produce a typical opinion. In
the paper [10] authors critically view the approaches
to the most typical value -FEV and weighted fuzzy ex-
pected value (WFEV) - “ to replace the FEV whenever
it fails to function” [5]. They consider cluster fuzzy
expected value (CFEV) as an alternative to WFEV. We
modify CFEV introduced in [10] for our practical task
and compare results of FEV and modified CFEV for
the problem of heat index investigation in Georgia.

4 Clustering fuzzy expected value
(CFEV)

Clustering fuzzy expected value tool is used for com-
puting the most typical fuzzy expected value of a
membership function in a fuzzy set [10]. CFEV is
based on grouping of individual responses, that meet
certain criteria, to clusters. Each cluster is consid-
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(a) HI values (b) Fuzzy sethigh HI

Figure 4

Figure 5: FEVs for Tbilisi in August for periods 1955-
1970(“-”line) and 1990-2007(“-.-”line)

ered as a "super response" and contributes to the result
proportionally to its relative size and the difference in
opinion from the mean of the entire sample. In so do-
ing, CFEV represents the opinion of the majority of
the population, but it also respects the opinion of the
minority [2, 10].

4.1 Description of CFEV and its modifica-
tion

CFEV consists of two parts: forming of clusters and
a combination of means of each cluster in a particular
way. We propose our own approach for clustering.

Let s be the maximum allowable distance be-
tween the first and last elements in a cluster,ci j be
j element in clusteri, d is the maximum allowable
distance between two consecutive elements within a
cluster.

|ci j−1−ci j | ≤ d (gap) (2)

|ci1−cin| ≤ s (size) (3)

Clustering Algorithm

• Step 1. We fuzzify heat indexes during a month
by means of the fuzzy sethot weather similar
to the procedure described above: given temper-
ature values (see Figure 4(a)) one assigns to tem-
perature value a membership degree calculated
from the fuzzy set shown in Figure3(a), and ob-
tains fuzzification values as presented in Figure
4(b)

• Step 2. We calculate a difference between maxi-
mum and minimum values of the obtained fuzzy
sethigh HI and assign this value tos (see 3).d
is a value that is equal tos : (N : 10), whereN is
equal to 30 or 31.

• Step 3. A cluster is constituted which elements
are restricted byd. It means that an element is
chosen for the cluster by inequality (2). This pro-
cess continues till first and the last element do
not satisfy inequality (3). In this case a cluster
is built and the process is finished if there are no
elements more.

Notice, that by means of the data available and
the algorithm described above HI-es in each month of
are splited into 5-7 clusters.

To calculate CFEV we use the following formula
[10]:

CFEV = WA +
m

∑
i=1

(

Ni

N

)2

(WAi −WA) (4)

whereWAi the mean of each clusterAi, WAis the mean
of the entire set.

Notice that the fuzzy set is finite and the algorithm
terminates. At the Figure 6(a) the CFEV for July in
Tbilisi during the periods of time are presented.

(a) CFEV in July, Tbilisi (b) FEV in July, Tbilisi

Figure 6: CFEV and FEV in July for Tbilisi

5 A comparison of FEV and CFEV

Let us now compare FEV and CFEV.
FEV shows the most typical value for a fuzzy set

very well, but it is sensitive to the small change of the
number of elements in the population[10]. FEV does
not take into consideration the order of elements in the
population.

Consider an example. In the case of heat index
investigation assume that among 31 days in May, 12
days have heat index that belong to the risk group. Let
us consider two cases. The first case is when the days
with high heat index are disposed one after another
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Table 3: Comparison of “dangerous” days in Georgia

and the second case is when between these days there
the are normal days (i.e. the days with heat index that
do not belong to the risk groups).

It is clear that both cases are dangerous for the
human health because so many days are with high
risk factor. But in the first case the density of days
with high heat index is higher and, consequently, the
negative influence of the case to the human health is
bigger. FEV does not make difference between these
two cases, it shows the same results for both cases,
whereas the CFEV defines the first case as a more dan-
gerous one then the second one.

The two values CFEV and FEV for Tbilisi, dur-
ing the periods in July are graphically presented at the
Figure 6.

6 Results of investigations for four
different cities in Georgia

In the Table 3 one can see the HI-es for Tbilisi, Poti,
Lentekhi, Dedoplistskharo during the periods classi-
fied into five groups. Comparing the behavior of HI
for Tbilisi, Poti, Lentekhi, Dedoplistskharo, it has
been concluded that most typical values of warm HI
increase during the last 15 years, very warm HI in-
crease in Tbilisi, Poti and Dedoplistskharo, but de-
crease in Lentekhi. Significant increasing of HI is ob-
served in Tbilisi, whereas in Lentekhi the total number
of dangerous days is decreased.

As an example, Figures 7(a) and 7(b) show FEVs
and their tendencies in Dedoplistskharo and Poti in
July during two periods of time (1955-1970 and 1990-
2007).

(a) FEV in July, Dedo-
plistskharo

(b) FEV in July, Poti

Figure 7: FEV in July for Lentexi and Poti with ten-
dencies

7 Conclusions

The paper concerns influences of global warming on
a climate of Georgia and health of the population. In
particular, one important parameter of a human ther-
mal comfort - a heat index (which represents a com-
bination of the air temperature and relative humidity)
- has been investigated.

The research has been done in close contact to
the Ministry of Preservation of the Environment of
Georgia. The data -temperature and relative humidity-
were available. The received information has been
classified and ranged, and on its base the software has
been created (by means of C #). The software enables
to see both numerical and graphical representation of
the heat indexes, and also the following operations are
possible:

• by means of the radio-buttons, allocated on the
map of Georgia, it is possible to select an inter-
esting city in Georgia (Tbilisi, Poti, Lentekhi and
Dedoplistskharo);

• during input of daily average temperature and
relative humidity the heat index is automatically
calculated;

• it is possible to consider a graphical image of a
daily average air temperature, a relative humidity
and the heat index of each month, each year and
each period;

• to define and count up heat indexes for an appro-
priate interval (a month, or other periods);

• graphically view the tendency of the heat indexes
of each month for the first and second periods for
the purpose of forecasting;

• to select maximum and minimum value of tem-
peratures, relative humidity and the heat index of
the day, month, year and the period;
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• some other functions.

On the basis of fuzzy methods, investigations of
the available data have been conducted. In particular,
two methods of a finding of the most typical value,
fuzzy expected value (FEV) and clustering fuzzy ex-
pected value (CFEV) are used and further developed.

Both approaches have been updated for the re-
search problem of the heat index and applied to the
available data. Matching of results has shown, in
which cases it is better to apply FEV, and in which
CFEV. (Matching FEV and CFEV is spent, advan-
tages and disadvantages of these methods for heat in-
dex investigation are shown).

The software and methods of the estimation of the
results are used in daily work of the Second Commu-
nication of Georgia to the United Nations Framework
Convention on Climate Change.

The results presented in the paper open new pos-
sibilities for the future research: for example, on the
base of numerical data available to build fuzzy rules
describing the influence of the heat index on the hu-
man health in Georgia.
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