
Introduction

Comfort is a subjective sensation. It is that state of
mind that expresses satisfaction with the thermal envi-
ronment. Alternatively, it is that state of mind that does
not express dissatisfaction with the thermal environ-
ment. It is equivalent to conditions in which human
beings can sleep soundly and work comfortably and
when there is a minimum demand on the thermo-regu-
latory mechanisms of the body. Outside comfort ex-
ists discomfort, which is characterised by the degree
and duration of thermal stress. The body attempts to
maintain a stable internal temperature by balancing heat
loss and heat gain (homeostasis). The body gains heat
mainly through basal and muscular metabolism and
additionally by convection, conduction and radiation.
Heat is lost through work performance by conduction,
radiation, convection, evaporation (sweat secretion)
and skin diffusion, as well as by latent and dry respira-
tion [Ref. 11]. The deep-tissue temperature may be
maintained outside comfort conditions; however, large
and prolonged variations in body temperature may
threaten survival and cause death or damage through

excessively low (hypothermia), or excessively high
(hyperthermia) deep-tissue temperatures.

Comfort within dwellings is achieved partly by pro-
tecting buildings from heat gain during hot periods and
by preventing heat loss during cold periods. When me-
chanical aids are employed for this purpose, they should
only supplement passive methods [Ref. 15]. In either
case knowledge of the thermal stress imposed by ex-
ternal conditions as well as the optimal thermal condi-
tions needed for comfort within dwellings is neces-
sary. Thermal stress and the optimal thermal condi-
tions are measured with the aid of a thermal index.

Factors Affecting Thermal Comfort

There are six major factors that determine comfort.
They are ambient air temperature, humidity, radiation,
air movement, intrinsic clothing and level of activity.
Other factors that may have some effect on thermal
comfort are age, sex, body shape, state of health, eth-
nic grouping, diet, sleep, colour of clothing, acclima-
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tisation, availability of fresh air, transients, colour of a
space enclosure and noise [Ref. 3, 11]. An indication
of the relative importance of these other factors is the
fact that when all the six major factors are within an
acceptable and optimal range, about 70% of the popu-
lation will be comfortable.

The Thermal Indices

Knowledge of the way different variables affect ther-
mal comfort has been used to formulate thermal indi-
ces or thermal scales that indicate the effects of com-
bining the different variables on comfort. Over thirty
of these indices have been devised although their defi-
nitions and ranges of applicability differ widely [Ref.
10]. An ideal index should reasonably accurately pre-
dict the consequences of any combination of the six
major factors affecting comfort. It should be applica-
ble both indoors and outdoors and it should be capable
of indication the degree of discomfort. One of the most
popular indices is the Effective Temperature Index.

The Effective Temperature Index

The Effective Temperature (ET) is defined as the tem-
perature of a still, saturated atmosphere which would,
in the absence of radiation, produce the same effect as
the atmosphere in question [Figure 1]. It indicates the
combined effects of relative humidity, air velocity, air
temperature and clothing*.

The major merit of the index is that it indicates the
effects of most of the major factors on comfort. In ad-
dition, the nomogram is simple and easy to use. It how-
ever has some limitations. It does not indicate the ef-
fect of radiation or show the degree of discomfort di-
rectly. There are nomograms for only two categories
of clothing: normal indoor clothing and stripping to
the waist. Analyses carried out by Glickman et al, Koch
et al, Smith and Yaglou show that the index overesti-
mates the effects of humidity under cool and comfort-
able conditions [Ref. 5, 9, 20, 21]. They also claim
that it underestimates the effects of humidity at high
temperatures and that it exaggerates the stress imposed
by air velocity in hot environments. Givoni [Ref. 4]
shows that the index made adequate allowance for air
movement only below an ET value of 32 degrees Cel-
sius. The index is valid for air temperatures between 0
and 45 degrees Celsius; wet bulb temperatures between
0 and 45 degrees Celsius and air velocity between 0.1
and 7 metres per second.

The index requires that comfort limits be established
for the location, zone or region and 22-27 degrees are
assumed for the Tropics [Ref. 10]. This study aims at
confirming these limits or proposing new ones.

Research Methodology

Psychophysical experiments are designed to set stand-
ards of building practice, to devise techniques to reach
these standards and to discover means of assessing the
success of a building in meeting these standards [Ref.
6]. Architectural psychophysics concerns the relation-
ship between people and buildings.  This differenti-
ates it from psychological studies which deal with peo-
ple.  Thus a study by a psychologist concerning the
reaction of human beings to heat and cold may not be
directly applicable in building design.  What is needed
is how people perceive heat and cold in an architec-
tural space.

There are three types of psychophysical experiments:
performance tests, physiological tests and mental as-

* An improved index, the Corrected Effective Temperature (CET) additionally indicates the effect of radiation.
This is achieved by using the globe temperature in lieu of dry bulb temperature.

Figure 1: The Effective Temperature nomogram for
persons wearing normal business clothing. Source:
Koenigsberger et al.
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sessment tests [Ref. 8]. The first two are behaviour
studies while the third is an introspective study.

Performance Tests
These measure the ability of a human being to per-
form a given task under a range of physical conditions.
The participant is not required to express opinions or
to make any judgements.  In a comfort study this may
involve requesting participants to do a certain task in a
room.  The conditions of humidity, air temperature,
radiation and air movement may be varied and the rate
at which the work is performed measured.  By varying
the various environmental factors and measuring the
corresponding work rates optimum conditions for
work, and thus the comfort limits, may be established.

Physiological Tests of Subjective Responses
This type of experiment involves the measurement of
some physical phenomenon of which the subject may
not be aware.  For example, in a study of thermal com-
fort the sweat rate, the rate of blood flow (heart beat
rate) or elevation in body temperature may be meas-
ured under varying conditions.  A graphical relation-
ship might then be established between say, air tem-
perature and sweat rate.  Physiological tests are very
useful in the determination of the effect of the envi-
ronment on an organism.  This usefulness is enhanced
by the fact that the subject need not be aware of the
purpose of the experiment and therefore his reaction is
not influenced unduly.  This unwanted influence is a
result of the Hawthorne Effect*. They are however a
poor means of assessing subjective responses.  An ex-
ample of this inadequacy is shown by an experiment
that tries to establish thermal comfort on the basis of
heart beat rate.  The subject is not asked for an opinion
or judgement in this type of test also.

Mental Assessment Tests
These involve the mental assessment of sensations that
cannot be measured directly by subjects.  The most
commonly used methods of mental assessment are:
rating scales, multiple-criterion adjustment, direct es-
timates of magnitude, comparison and a combination
of these various methods.  The common uses of these
methods for comfort studies are discussed below.

Rating Scales: These are used when a condition is
fixed or unalterable and it involves a long-term ele-
ment.  The thermal comfort in a room can be analysed
using a rating scale. The observers are usually asked

to rate the degree of comfort in the room according to
given categories.  Numbers are later assigned to these
categories for the purposes of analysis [Ref. 1, 2].

Multiple-Criterion Adjustment: Multiple-criterion
adjustment methods are used when the environment
can be adjusted.  A physical variable which produces
an easily recognised change in the sensation being in-
vestigated is usually chosen.  For example, an air-con-
ditioning unit may be able to regulate air temperature,
humidity and air-velocity.  Subjects may then be asked
to adjust the temperature knob until they are  cold, com-
fortable or hot.  Meanwhile the other variables remain
unchanged.

Direct Estimates of Magnitude: This involves the di-
rect mental estimates of magnitude.  An example is a
situation where a subject is asked to turn the tempera-
ture knob until he feels twice as cold.  The methods
used for this include multiplication and fractionation,
interpolation or equal appearing intervals and that of
direct numeration [Ref. 8].

The Method of Comparisons: This is used to evalu-
ate a complete environment and to compare it to oth-
ers in a qualitative rather than a quantitative way.  Sub-
jects may be asked to enter three rooms with differing
environmental conditions in a random order.  They may
then be asked to rank each room according to how hot
or cold in relation to other rooms it is.

Integrated Methods: These are used when it is obvi-
ous that the use of only one method will be inadequate
or when considerable modification of a given method
is required.

Observer Variance
The sensation reported by various individuals under
the same conditions normally varies from individual
to individual.  There may be a degree of agreement
between the majority but some subjects may disagree
in a fundamental way.  The analysis of experimental
data should therefore be properly done using Biomet-
rics Statistics [Ref. 8]. The most commonly used sta-
tistics are the mean, mode, median and inter-quartile
range.

Some subjects deliberately give wrong assessments in
an attempt to mislead the researcher.  This can often
be detected from the way such data differ from the
rest.  The temptation to discard such data may how-
ever lead to errors.  An important variation, if exam-
ined properly, may lead to a discovery of new rela-

* The Hawthorne Effect was first noted in an experiment in Chicago involving the efficiency of workers under
certain working conditions. The awareness of the workers that they were participating in an experiment was
found to influence their response in an important way [Ref. 13]
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Table 1

Frequency distribution of experienced thermal stress
on a nine-point scale

Table 2

Frequency distribution of expereinced thermal stress
on a five-point scale

versity, Zaria between August and  October 1987.  All
cases where the subject was clothed heavily or not
shaded from direct solar radiation were rejected. This
left 181 cases for analysis.

The frequency distribution of experienced thermal
stress on a nine-point scale is shown in Table 1. For
uniformity the recorded comfort conditions were re-
coded to create only five groups and make analysis
easier**. Comfortably cool, comfortable neutral and
slightly warm were recoded as “comfort”. Cold and
cool were recoded as cold, while warm and hot were
recoded as hot (Table 2).

tionships.  The normal practice is not to discard ex-
treme data unless they are the result of systematic dis-
turbance in controlled conditions.  The use of the in-
ter-quartile range to give priority to majority response
is however commonly used.

Choice of Methodology

The choice of an appropriate method was determined
by limitations. The equipment needed to create artifi-
cial environments and to measure performance and
biological variables was not available. A mental as-
sessment test using rating scales was therefore de-
signed. This has the advantage of providing mental
assessments of the actual climatic conditions and not
an artificially simulated environment. On the other
hand, various subjects rate comfort under varying con-
ditions, in different places, on different days and at
different times. Comparison is thereby made more dif-
ficult. This comparison was made possible by using
mathematical techniques to calculate a single variable,
the Effective Temperature, common to each set of con-
ditions. The comparisons are then based on the calcu-
lated Effective Temperatures.

The object of comparing the various comfort limits is
to determine which one is most reliable in the predic-
tion of thermal stress. It is possible to record the ther-
mal stress experienced for various conditions and to
predict the thermal stress for the same conditions us-
ing the various comfort limits. The recorded and pre-
dicted thermal stresses can then be compared. The best
comfort limits will be consistently more successful at
predicting the thermal stress in a wide range of envi-
ronmental conditions.

The Field Study

A form (questionnaire) was designed to record ther-
mal stress on a nine-point scale along with other infor-
mation of interest such as location; date; time; age;
sex; height, weight and dressing of subject; and cli-
matic conditions; wind, cloud cover, rainfall and shad-
ing*. Subjects were asked five questions including their
state of thermal comfort. The researcher then recorded
the answers along with other observations on the study
form.

The study form (questionnaire) was used to document
203 cases on the Main Campus of Ahmadu Bello Uni-

* The research covered various aspects of comfort and several thermal indices. This report documents only a
limited and specific area of the study.
** This re-coding creates fewer groups and makes analysis easier. The use of a 5-point scale instead of a 9-point scale
also reduces the chances of an error of prediction [Ref. 11, 19].  For thermal sensation scales see Ref. 11, p 52-57.
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Statistical Package for the Social Sciences on a main-
frame computer, the Cyber 72 at the Iya Abubakar
Computer Centre, Ahmadu Bello University, Zaria.

Statistical Analyses

The choice of the most appropriate comfort limits is
based on ranking according to ability to predict ther-
mal stress. The type of statistical technique used de-
pends on the nature of the data and the level of meas-
urement [Ref. 7]. The scales of measurement are nomi-
nal, ordinal, interval and ratio.

The five categories of thermal stress on a 5-point scale
give an ordinal scale, since there are distinguishable
groups with an order of magnitude among the groups,
or an interval scale on the assumption that the units
are the same size throughout. It is difficult to decide
whether the differences between cold and comfortable
on one hand, and hot and very hot on the other are the
same. In making a decision, it should be noted that the
level of measurement increases from nominal to ordi-
nal to interval and to ratio. Interval-level data there-
fore have all the properties of ordinal-level data. It is
also necessary to establish whether the data are con-
tinuous or discrete. Thermal stress can be measured
on a continuous scale, but for the purposes of this study
grouping into five categories has been used to obtain
discrete data.

The statistical techniques used in the analysis of the
data are the following: frequency analysis, ordinal-level
data analysis and interval level data analysis.

The next step was the calculation of the Effective Tem-
peratures for the same time and day each subject was
interviewed. The investigation made use of a data li-
brary in computer-readable form which contains cli-
matic and related data and is organised with the use of
database concepts. The date was used to obtain the
minimum and maximum air temperature and relative
humidity*.  The minimum and maximum wet bulb tem-
peratures were then calculated using the psychometric
chart. Next, the minimum and maximum Effective
Temperatures were determined for the air velocity ob-
tained from the wind information using the Effective
Temeperature nomogram**. The Effective Tempera-
ture for the given time was found with the aid of the
hourly temperature calculator and the thermal stress
finally determined by comparing the calculated Effec-
tive Temperature with the appropriate comfort limits
using the method proposed by Prucnal-Ogunsote et al
[Ref. 18].  Nine comfort limits were used to predict
thermal stress: 19-25, 20-23, 20-24, 20-25, 20-26, 20-
27, 22.5-25.5, 22-27 and 24-29 degrees Celsius. This
procedure was repeated for each subject and for each
set of comfort limits.

To facilitate easy computation and reliability and to
make checking possible the computations were han-
dled by a computer. Several routines were written in
FORTRAN and these coupled with the existing suite
of programs were used to determine the thermal stress
[Ref. 14, 16, 17]. Routines were written to simulate
the psychrometric chart, the Effective Temperature
nomogram and the hourly temperature calculator. The
statistical analyses were done with the aid of SPSS -

Table 3

Frequency distribution of observed and predicted thermal stress

* The data library containes long-term averages of climatic data for 15-day periods.
** The four categories calm, slight breeze, strong breeze and strong wind are graded as 0.5, 2.5, 4.5 and 7.0 m/s
respectively. The speed at body level is obtained by applying a reduction factor of 0.3.
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Frequency Analysis

Frequency analysis may give an indication of the rela-
tionship between the predicted and observed thermal
stress. There are three frequency analyses used in this
study.

Frequency Distribution of Error of Prediction. The
frequencies of predicted thermal stress for the various
comfort limits as well as the corresponding frequen-
cies of observed thermal stress are shown in Table 3.
By subtracting the observed thermal stress from the
predicted thermal stress we obtain the “error of pre-
diction”, the frequency distribution of which is shown
in Table 4. The error of prediction indicates the degree
and nature of variation between predicted and observed

thermal stress. For a correct prediction, the error of
prediction is zero. For observed comfortable condi-
tions, comfort limits that tend to predict cold discom-
fort will accumulate negative errors of prediction while
comfort limits that tend to predict hot discomfort will
accumulate positive error of prediction. The frequency
distribution may be quantified by the mean, mode
median, sum, range, skewness and standard deviation.
These statistics for the various comfort limits are shown
in Table 5. It should be noted that the skewness is meas-
ured about the mode, and not the central value 0 [Ref.
6]. The following comfort limits have relatively low
errors of prediction: 20-27, 20-26, 20-25, 22-27, 19-
25 and 22.5-25.5.

Table 4

Frequency distribution of error of prediction.

Table 5

Statistics of error of prediction.



7

Table 7

 Percentage of successful predictions for comfortable, under heated and overheated conditions.

Ability to Predict Overheating, Comfort and Un-
der-heating: An alternative approach is to determine
the ability of the index to predict hot discomfort, com-
fort and cold discomfort. For this purpose hot discom-
fort and very hot discomfort are grouped as overheat-
ing while cold discomfort and very cold discomfort
are grouped as underheating. The percentages of suc-
cessful predictions for underheating, comfort and over-
heating are given in Table 7. This table shows that all
the comfort limits exhibit a bias in their ability to pre-
dict thermal stress. Some are good at predicting un-
der-heating while others are capable of detecting over-
heating. On average, the best limits are 20-25 and 20-
23.

The Cumulative Frequency of Error of Prediction
shows the cumulative percentage of successful predic-
tions given error levels of 0, ±1, ±2, ±3, or ±4. An
ideal index should make a 100% successful prediction
at the zero error level. This type of analysis however
has a few drawbacks inherent in the distribution of ob-
served thermal stress. In the study, 2.8% of the sub-
jects expressed very cold discomfort, 26.5% expressed
cold discomfort, 61.9% expressed comfort, 7.2% ex-
pressed hot discomfort while 1.7% expressed very hot
discomfort. Thus an index which is incapable of de-
tecting hot or cold discomfort and always predicts com-
fort will seem to be a good index. Wide comfort limits
such as 20-26 and 20-27 therefore perform better than
narrow comfort limits such as 20-23 and 20-24. See
Table 6.

Table 6

Cumulative frequency distribution of error of prediction
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Table 8

Gamma, Kendall’s tau b and Spearman’s rho

Ordinal level data analysis

Ordinal level data analysis treats both the observed and
the predicted thermal stress as ordinal level data. In
this case the difference between cold and comfortable
needs not be the same as that between comfortable and
hot. Correlation between ordinal level data is analysed
using Spearman correlation coefficient (rho), Kendall
correlation coefficient (tau) and Gamma test of statis-
tical significance.

Gamma Test of Statistical Significance
Gamma is the probability of correctly guessing the
order of a pair of cases on one variable once the other
variable is known. The sign indicates the direction of
ordering.

Kendall’s Rank-Order Correlation Coefficient (tau)
Kendall’s tau is a standardised coefficient based on
the amount of agreement between two sets of ordinal
rankings. Kendall’s tau is very similar to Spearman’s
rho but the Kendall’s coefficient is more meaningful
when the data contain a large number of tied ranks.
Kendall’s tau is non-parametric because it does not
depend upon a normal distribution or the metric qual-
ity of interval scales.

Spearman’s Rank-Order Correlation Coefficient
(rho):
Spearman’s rho is defined as the sum of the squared
differences in the paired ranks for two variables over
all cases, divided by a quantity which is what the sum
of the squared differences would have been had the
two sets of rankings been totally independent.
Spearman’s rho is very similar to Kendall’s tau but it
seems to yield a closer approximation to product-mo-
ment correlation coefficients when the data are more

or less continuous. This is the case when the data are
not characterised by a large number of ties at each rank.
It is a non-parametric correlation because no assump-
tions are made about the distribution of cases on the
variables.

These coefficients are shown in Table 8. The comfort
limits 19-25 and 20-25 show the highest correlation.

Interval level data analysis

Interval level data analysis treats both the observed and
the predicted thermal stress as interval level data. In ef-
fect, the comfort conditions very cold, cold, comfort-
able, hot and very hot are assumed to occur at equal
intervals on the comfort scale. Interval level data are
examined for correlation using two statistics: Pearson
correlation coefficient and Eta correlation ratio [Ref. 7].

The Pearson Correlation Coefficient (r)
The Pearson correlation coefficient is used to measure
the strength of relationship between two interval level
variables. The strength of relationship indicates the
goodness of fit of a linear regression line to the data. It
also indicates, when r is squared, the proportion of
variance in one variable explained by the other. The
cut-off point for the Pearson correlation coefficient
given 200 cases is 0.117. For the significance to be
acceptable, it should be less than 0.05.

Eta Correlation Ratio (Eta Test of Statistical
Significance)
Eta correlation ratio is the common name for eta-
squared and it has an intuitive interpretation as the pro-
portion of variance in the dependent variable accounted
for by the independent variable. Eta is a measure of
the association between two variables used when the
independent variable is nominal level and the depend-



9

ent variable is interval or ratio level. It shows how the
means of the dependent variable are within the cat-
egories of the independent variable.

The Pearson correlation coefficients and the Eta cor-
relation ratios for the various comfort limits are shown
in Table 9. The highest correlation is shown by the
comfort limits 20-25.

Comfort Limits for the Effective Tempera-
ture Index

Table 10 shows a summary of the optimal comfort lim-
its using various methods. Although the various meth-
ods give different results, there is still a discernible
tendency towards wide comfort limits. The optimal

comfort limits are also consistently lower than the 22-
27 degrees recommended by Koenigsberger et al. The
limits recommended by Koenigsberger et al are com-
parably poor in predicting thermal stress. The sum-
mary indicates that the optimum comfort limits using
this Effective Temperature Index for Zaria (and by as-
sociation, other parts of the country), are 20-25 de-
grees Celsius with the following limitations.

1. The thermal stress is predicted on the basis of
average climatic data and not the actually experi-
enced conditions.

2. The field study covered only 3 months of the year.
3. The study covers only day thermal stress
4. The field study was carried out only in Zaria.

Table 10

Choice of comfort limits

Table 9

Pearson correlation coefficients and eta correlation coefficients.

Legend: OTS = Observed Thermal Stress; PTS = Predicted Thermal Stress.
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5. The study covered only external conditions, light
or normal clothing, healthy subjects, calm or light
breeze, shade, sedentary activity and open spaces
with low or medium building density.

6. A study that sets the lower and upper comfort
limits separately may produce more accurate com-
fort limits.

Conclusion

This study concludes that the most appropriate comfort
limits for the Effective Temperature Index in Zaria are
20-25 degrees Celsius. The study is however limited
by the scope and duration. A confirmation of this
proposal may require the extension of the investigation
to other regions and seasons, and the modification of
analytical techniques to set lower and upper comfort
limits separately.

Acknowledgements

Methods of statistical analysis were consulted with Pro-
fessor J. A. Oladipo of the Iya Abubakar Computer
Centre and Professor E. B. Ebong of the Department
of Mathematics, both statisticians at the Ahmadu Bello
University, Zaria. Professor B. K. Olorukooba also
made useful contributions on computer analyses of
subjective variables.

References

1.  T. BEDFORD: Basic Principles of Ventilation and
Heating. H. K. Lewis and Co. Ltd., London 1948.
2. F. A. CHRENKO: Bedford’s Basic Principles of
Ventilation and Heating. H. K. Lewis, London 1974.
3. M. EVANS: Housing, Climate and Comfort. Archi-
tectural Press, London 1980. 186 pp.
4. B. GIVONI: Man, Climate And Architecture. Applied
Science Publishers Ltd., London 1976. 483 pp.
5. N. GLICKMAN, T. INOUYE, R. W. KEETON, and
M. K. FAHNESTOCK: “Physiological Examination of The
Effective Temperature Index”, ASHVE Transactions, 1950
Vol. 56, p 51.
6. A. B. GUILDFORD: Psychometric Methods. McGraw-
Hill Book Company, New York 1954.

7. T. R. HARSHBERGER: Introductory Statistics: A
Decision Map. Macmillan, New York 1977.
8. R. G. HOPKINSON, J. LONGMORE, and P. PETHER-
BRIDGE: Daylighting. London 1966.
9. W. KOCH, B. H. JENNINGS, and C. M. HUMPH-
REYS: “Sensation Responses”, Presentation At ASHRAE
Semi-Meeting. February 1960.
10. O. H. KOENIGSBERGER, T. G. INGERSOLL, A.
MAYHEW, and S. V. SZOKOLAY: Manual of Tropical
Housing and Building. Longman, London 1974. 320 pp.
11. T. A. MARKUS and E. N. MORRIS: Buildings, Climate
and Energy. Pitman International, London 1980. 450 pp.
12. S. L. MEYER: Data Analysis for Scientists And
Engineers. John Wiley and Sons, New York 1975.
13. J. O. NDAGI: Essentials of Research Methodology for
Nigerian Educators. University Press Limited, Ibadan
(Nigeria) 1984. p 122.
14. O. O. OGUNSOTE: “Data Storage and Retrieval for
Urban and Building Climatology In Africa”, African Urban
Quarterly, 5(1):9-13, World Meteorological Organisation
(WMO), Nairobi (Kenya) 1990.
15. O. O. OGUNSOTE: “Computer Assessment of
Architectural Design”, Habitat International, 15(4),
Pergamon Press, London 1991.
16. O. O. OGUNSOTE: “Notes on Computerised Storage
of Climatological Data for the Architect”, Climate and
Human Settlements - Integrating Climate into Urban
Planning and Building Design in Africa. United Nations
Environment Programme (UNEP), Nairobi (Kenya) 1991.
17. O. O. OGUNSOTE: An Introduction to Building
Climatology - A Basic Course for Architecture Students.
Ahmadu Bello University Press, Zaria (Nigeria) 1993. 224 pp.
18. B. PRUCNAL-OGUNSOTE and O. O. OGUNSOTE:
“COLDHOT - A Design Aid for Multi-Index Thermal Stress
Analysis”, Architectural Science Review, 31:99-105. Sydney
1988.
19. F. H. RHOLES and R. G. NEVINS: “The Nature of
Thermal Stress for Sedentary Man”, ASHRAE Transactions,
77(1):239-246, 1971.
20. F. E. SMITH: “Indices of Heat Stress”, Medical
Research Council Memo No. 29. London 1955.
21. C. P. YAGLOU: “A Method For Improving The
Effective Temperature Index”, ASHVE Transactions,
53:307-309, 1947.

1. Ogunsote, O. O. and Prucnal-Ogunsote, B. (2002). Comfort Limits for the Effective Temperature
Index in the Tropics: A Nigerian Case Study. Architectural Science Review, 45:2, 125-132, Sydney,
Australia.

Citation



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


