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Abstract

Summer comfort conditions in Attrens, Greece, have been analyzed statistically. The temporal va¡iation

of ttre number of hours inside the comfort zone as well as tJre conesponding frequency distúbution have

been calcr¡lated. Ttre persistence of discomfort conditions has been analyzed and was found to be statistically

significant for comfort a¡rd discomfort spells presented during ttre period May to September' The calcr¡lated

duration of the spells inside or outside the comfort zone for May, July and August extend up to 20

consecutive hours, while for June a¡rd September the corresponding duration is 15 consecutive hours'

1. Introduction

Thermal comfort is defined as that condition of
mind which expresses satisfaction with the thermal
environment [1]. Overheating problems occu:ring
during a watrn period may cause dissatisfaction and

have a direct impact on the energ¡ consumption
of buildings for air-conditioning purposes. It has

been reported t2l tJnat, due to the serious heat
waves observed in Greece during 1987-1989, there
rvas an increase of about 800Vo in a¡urual purchases

of ai¡-conditioning units in the following yeaxs'

Recent data from an extensive monitoring campaign
including more than 12O0 office, commercial and

educational buitdings in Greece [3], have indicated
a serious impact of air-conditioning on the overall
energ/ consumption of buildings. It was found that
air-cond.itioning increases the overall a¡rnual eners¡
consumption of ofñce buildings to about 40 klt/h
per square metre.

Knowledge of discomfort conditions in a location
is necessary in order to assess the thermal per-

formance of buildings. Detaited a¡ralysis of the va¡-
iabilþ a¡rd the cha¡acteristics of the outdoor dis-

comfort conditions offers the necessary input data
to calcr¡late accurately the temporal variation of the
buildings performance. Lack of these data impose
the use of the most commonly occuring average

or extreme conditions [4] which significantly reduce

tAuthor to whom correspondence should be addressed'

the information on the dynamic behaviou¡ of the

buildings.
The increased attention to summer discomfort

problems has promoted a profound analysis of the

surnmer ambient temperatures for cooling purposes

[5, 6]. The dynamic variation during summer of
some corunon biometeorological indices [7-9] has

been analyzed also in order to increase the available

information on the topic' In this paper the va¡iabiliry
of the cha¡acteristics of comfort conditions during
the summer period in Athens, Greece, are analyzed'

The overall analysis is based on the ASHRAD Comfort
Standard 55-81 [10], which is well understood and

widely used by building designers. A statistical and

persistence analysis of the comfort conditions is
also presented.

The present work primarily aims to provide nec-

essary information to buitding and energr analysts

and climatologists contributing to\¡/ards more ac-

curate analysis of the sununer indoor and outdoor
comfort conditions.

2. The data

Athens is cha¡acterized by a warrn thermo-med-

iterranean climate with mild and relatively wet win-

ters and warrn dry summers. Mean ambient tem-

perature during suÍuner is close tÐ 27 "C'

Hourly temperature data is taken from the National
Observatory of Athens [11] Qatitude:37'58" N'
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longitude:23.43" and altitude IOZ m). The Ob_
servatory is on a hill, located at the centre ofAthens
and has been recording measurements of ambient
temperature since 1852.

Data for the period lg7g-fggg have been used
in the present analysis. As it is shown in ref. 6,
these data represent satisfactorily the mean sununer
climatic conditions. Comparisons of the frequency
distribution of the mean montNy temperature of
the data of the last lB0 years with the data of the
studied yeaxs are in the sarne zone [6]. Also, it is
shown that the differences between the mean tem_
peratures of the chosen period a¡rd of the previous
overlapping decades are not statistically signiûcant.
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Fig. 1. Estimated mea¡r daily number of hours (IIJ within the
comfort zone for the period May to September, also with the
calculated coefficient of variability.

TABLE 1. The mean number of hours with comfort conditions
(ø), the sta¡dard deviation (s), mean error of the ariûrmetic
mean value (s,), the probability of the hourly comfort conditio¡rs
(p) and the Besson's coefficients of persistence (rE¡)

Parameters May June July August September

Mean ---- Coefficient
of variability

22

18

'14

10

6

2

3. Distribution of cornfort hours

Considering that ambient temperature and hu-
midity \Mithin a month a¡e stationarJ¡ parameters,
hourly data for each summer month have been
combined in a common set.
for May to September have
each hour, it was calculate
logical conditions were within the comfort zone.
The summer comfort zone defned by ASHRAE
Sta¡rda¡d 55-81 has been considered tlOl. This
Standard sets effective temperature limits of 28 and
26 "C. The upper and lower limits of the comfort
zone are bounded by lines of constant dew point
temperature, with 2 "C as the lower limit and 17oC as the upper timit. This sununer comfort zone
is based on sedenta¡J¡ or slightly active persons
wearing clothing of 0.5 clo and an average air
velocity of 0.25 m,/s or less.

Therefore, the daiìy number of hours within the

the comfort zone, H", is given in Fig. I for alì the
sununer months. It is found that I/. is low during
the ten first days of May, while for the rest of the

sruruner, the expected temperature decrease con_
tributes to an increase in the number of hours within
the comfort zone.

The mean monthly number of hours within the
comfort zone, as well as the st¿¡rdard deviation ofI/" a¡rd the mean errors of the arithmetic mean
values are given in Table l. High standard deviation

vaìues have been calcr¡lated. Also, ma><imum values
while
16.2).
given
ation.

However, it is clear that during May the calculated
variability is higher, with a mean close to 5O%0.

The frequency of the daiìy number of hou¡s inside
the comfort, zone for each month is given in Fig.
2. The highest percentage of days outside the com-
fort zone occurs during May (g.To/o). The frequency
of l-6 hours and 18-24 hours is lower thart B.2Vi,
while between 7 and 12 hours the calcr¡-lated fre_
quency is lower (9.4Vo) tha¡r the corresponding
frequency for the other months.

During June and September, the frequency of
0-10 hours per day inside the comfort zone is very
Iow. The frequency of more than 20 hou¡s inside
the comfort zone is higher (2.}-g.OVo), while the
frequency that corresponds to periods of ll_lg
hours is between B and l3ol0.

During July and August, the highest frequency
of hours inside the comfort zone is calculated for
periods between l1 and 20 hours as 8.2_15.2o/o.

ï
s
Sø

p
.Ru (comfort)
.R" (discomfort)

10.8
5.8
0.33
o.46
4.67
4.57

16.2
4.3
o.25
o.67
3.86
3.79

I4.4
4.6
o.26
0.60
4.73
4.73

r 5.3
D<

o.20
0.64
4.34
4.38

16.8
3.8
0.22
0.70
3.28
3.29
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Knowledge of the comfort conditions in a place

requires information on the daily distribution of
hours within the comfort zone, I/n. The calculated
values of //h for each month are given in Fig' 3'
Analysis has shown that the overall suÍuner period

should be divided into three periods'
The first period includes May, where the number

of the night and early morning hours within the
comfort zone is low, only 19.890. An important
increase is presented during the day where almost

60Vo of the hou¡s a¡e within the comfort zone' A
decrease is then observed for the rest of the day'
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Fig. 2. FYequencies of the daiìy number of hours (Il.) inside

the comfort zone for each month.

Fig. 3. FYequencies (9o) per hour of the daily distributions ot

hours (Il¡) within the comfort zone.
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The second period includes June and September
where the opposite situation is observed. Here, the
minimum va^lue of the hours within the comfort
zone is calculated for the period 12:0G_12:OO LT.
This can be explained by the high ambient tem-
peratures presented in the same time period. A
second minimum is also observed during
O5:00-07:00 LT where üre minimum ambient tem_
peratures are presented. However, the percentage
of night hou¡s within the comfort zone is TT.6 and
74.2 for June and September, respectively.

Finally, the third period includes July and August
and is cha¡acterized by a very low number of hours
Ìvithin the comfort zone betrveen l0:00_tg:00 LT.
During the night period for July and August, gg.T
and 93.890 of the time is within the comfort zone,
respectively.

In order to obtain a more detailed anaJysis of the
temporal variabilþ of the comfort conditions, the
overall surruner time is divided into successive ten_
day periods. The results obtained from such a¡r
analysis are given in Table 2. As shown, due to the
high ambient temperatures, the minimum number
of hours \¡vithin the comfort zone is observed during
12:OG-17:00 LT and during the second ten days
of July a¡rd the first ten days of August. Also, due
to the low ambient temperature a second minimum
is also observed during the night period of the first
twenty days of May.

TABLE 2. Isopleths of the number of hours in comfort zone per I

4. Persistence analysis of the hours within
the comfort zone

2nC

3rcì

Knowledge of comfort, and discomfort sequences
as
to
a
persistence of discomfort conditions in Athens the
following anatysis has been performed.

First, the Besson's coefficient of persistence, .i?¡
[12], has been calculated. Besson's coefficient is
zero when there is no persistence and infinite when
the occu:rence of an event is always followed by
an other occturence. Its value can be calculated by
the following expression:

À":(1 -p)l(l-F¿t)-t (l)
where p is the general probability and. 7t¿¡¿ is the
probabilþ that a comfort or discomfort event will
occur after an occturence on the next occasion.
The probabiùity 7t4n is equal to :

p¿t¿:|-SlM e)
where S is the total number of spells of comfort
or discomfort hours and M is the tot¿l number of
comfort or discomfort hou¡s respectively.

Values ofì?" for comfort a¡rd discomfort conditions
have been calculated for each month and thei¡
significance is tested on g5% confidence timits. The
values obt¿ined are given in Table l; the observed
values of .rR¡ for all months and for comfort and
discomfort conditions are well above the confidence
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limits. Therefore, the null hypothesis of no per-

sistence should be rejected for all cases'

Second, in order
sistence, Eriksson's
PersistencY bY this
the conditional Prob
the comfort zone or not when the state at hou¡

zero is larown. If pu. is the probability to have an

hour outside the comfort zone when the preceding

hour was within the comfort zone and p¿6 the
probabiliff to have an hour within the comfort zone

when the preceding hour was outside, then from
eqn. (2) it is obtained that :

mrmber of discomfort sPells /Ð\p"o:m L.,r

number of comfort sPells r ^\p".:m \rr

where

F"t"* Pu": 1 and Pua* P¿a: I
where p"/. is the probability to have an hour within
the comfort zone when the preceding hour was also

within the comfort zone, and Pø¿ is the probability
to have an hour out of the comfort zone when the

preceding hour was also out of the comfort zone'- 
If. Q* ii tne probability of di:scomfort conditions

for hour n if discomfort conditions had occurred

on hour zeÍo, qn the probability of discomfort con-

ditions for hour n if comfort conditions had occurred
on hour zero, Pn is the probabilþ of comfor[

conditions for hour n, if comfort conditions had
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occurred on hour zero, and p* t't.e probability of
comfort conditions for hour rø, if discomfort con-

ditions had occurred on hou¡ zero, then the following
equations can be written:

e n: e *_ tg ua* (1 - Q 
^ - )p u"

Qt:Pua

Qn: Qn- t0uai- (l - Q.- ,)Pu"

et:pu. urru,tg o.:,)A en:e

Pn: Pn- tg¿"+ (I - P.- r) P 
"tu

Pt:P¿.
pn:pn_ tg./"+ (I - P*- 7)p.1¿

pt:pet¿*o,l31 4:"1* Pn:P

The values of P, and Q, have been calculated

for each month and a¡e given in Fig' 4' Calculations

have shown that persistency of discomfort conditions
Ioses its importance with increasing time interval

from the last Ì<nown state. AIso, the persistency of
discomfort conditions presents a tendency for higher
values, 20-22 hours, for May, JuIy and August,

16-19 hours for June and 14-16 hours for Sep-

tember.
The value of rz for whi ct.Pn:I)n:p and Qn: Qn: Q

indicates the lenglh of hours over which the con-

ditions a¡e still 'remembering' the state of zero hour'
It is calculated that the difference between P, and

pn ß well as the difrerence between Q' and q, is
vãry small for periods of 14 to 19 hours' These
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values indicate the high degree of persistence of
the discomfort conditions.
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