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THE TOURISM CLIMATIC INDEX: A 
METHOD OF EVALUATING WORLD 
CLIMATES FOR TOURISM 
In this essay a method of computing tourism climatic 
indices (TCIS) i s  described. These indices represent a 
quantitative evaluation of world climate for the purposes 
of international tourism. A series of rating systems is 
developed to provide a systematic basis for assessing the 
climatic elements that most affect the quality of the tour- 
ism experience. The problem of weighting climatic vari- 
ables in the TCI formula is also discussed. Monthly TCIS 

have been computed for 453 meteorological stations 
throughout the world, and the results have been general- 
ized in 12 monthly world maps. 

L'article offre une methode pour calculer des indices 
c~imato~ogiques touristiques (ICT), qui representent une 
evaluation quantitative des climats mondiaux, destinee 
aux besoins du tourisme international. On developpe 
une serie de systemes dCvaluation d'616ments climato- 
logiques, fournissant ainsi une base systematique pour 
&valuer lesquels de ces derniers influencent le plus la 
qualit6 de /'experience touristique vecu. ['article 
souleve aussi les problhes relies aux valeurs relatives, 
soient les poids, des variables qui entrent dans la for- 
mule de I'ICT. Des valeurs mensuelles ont et6 cornpikes 
pour 453 stations meteorologiques a travers le  monde, et 
les resultats sont present&, en forme generalisee sur une 
base mensuelle, dans douze cartes mondiales. 

This study belongs to a category of research that aims at 
the quantitative evaluation of natural or social phe- 
nomena by representing them in the form of indices. 
Heterogeneous components are assessed on specially 
devised rating schemes and weighted according to their 
relative importance. The numerical values of all the 

components are then summed as an index. A good illus- 
tration can be seen in the attempts to quantify the elusive 
notion of quality of life (cf Smith 1973; Coates, John- 
ston, and Knox 1977; Minnesota Department of Eco- 
nomic Research 1976; Boyer 1981). In various us cities 
and states, for example, quality of life indices have been 
devised to include such variables as climate, pollution, 
level of income, crime, availability of cultural and edu- 
cational institutions, and the state of health care and 
social services. Another interesting example of the in- 
tegration into a single index of heterogeneous variables, 
both natural and human, i s  the nordicity index com- 
puted for Canada by Hamelin (1 980, 78-80). 

The purpose of this essay is  to propose a tourism 
climatic index (TCI), as a composite measure of the 
climatic well-being of tourists. Although climate i s  only 
one of the variables that cause tourists to travel, many 
tourists are entirely motivated by climatic considera- 
tions. Even those whose motives for travel are definitely 
non-climatic, as in educational or cultural tourism, have 
an interest in selecting times of the year when their 
climatic well-being is  likely to be at its best. A TCI can 
provide this information, especially for international 
tourists who may not know much about the climatic 
conditions they can expect to encounter in various parts 
of the world at different times of the year. If tourists wish 
to visit a certain area, they can choose a time of the year 
when climatic conditions are at their optimum. Alterna- 
tively, if they have their vacations at a fixed time, they 
may select an area that then offers the most suitable 
climatic conditions. 

TCIS also provide a second, indirect benefit, in that 
they may help to promote better use of climatic re- 
sources in various parts of the world. This i s  especially 

The Canadian Geographer / Le Geographe canadien 29, no 3 I1 985) 220-33 
Q 1985 Canadian Association of Geographers / L'Association canadienne des geographes 



The Tourism Climatic index 221 

important for developing countries that have entered the 
international tourist market, in large part on the strength 
of their climatic attractions. The growth of tourism in 
some developing countries is  already contributing to a 
more equitable distribution of wealth in the world. It 
may also bring benefits for developed countries, if acute 
seasonal pressures on valued natural and human en- 
vironments can be alleviated by redirecting some of the 
tourism demand toward developing countries. 

Classifications of Climate from a Human Point of View 

Following the pioneering, nature-oriented classifications 
of climate by Koppen (1931 1, Thornthwaite (1931 and 
19481, and Trewartha (1 9541, climatologists turned their 
attention to the evaluation of climate from the point of 
view of man. These human-oriented classifications have 
been interdisciplinary, combining applied climatology 
with the modern achievements of human biometeorol- 
ogy and bioclimatology. The work of the following is  
particularly relevant in the present context: Brazol 
(1 954), for his map of isochrones of comfort months in 
Argentina; Maunder (1 9621, who developed a human 
classification of the climate of 22 stations in New 
Zealand; Burnet (1 963), for his human climatic region- 
alization of seaside resorts in France; Terjung (1 966), 
who applied his ‘bioclimatic classification based on 
man’ to the conterminous United States; Davis (19681, 
who applied his concept of maximum comfort to Great 
Britain; Gates (1 9731, who determined zones of comfort 
in relation to temperature and humidity as viewed by the 
people of the United States; and Kandror, Demina, and 
Ratner (1 974), who developed a system of physiologi- 
cal-climatic regionalization of the Soviet Union based 
on annual frequencies of various types of weather. 

climatic comfort of the permanent residents of the in- 
vestigated areas. The data were mainly annual or, in 
some cases, seasonal averages of various climatic ele- 
ments such as temperature, humidity, rainfall, insola- 
tion, and wind. Then, in the 1950s and 1960s, the 
growth of tourism, especially international tourism, cre- 
ated a demand for a different type of human-oriented 
climate evaluation. Its prime concern was for the needs 
of temporary visitors who are not interested in annual 
climate but in climatic conditions during specific times 
of the year. Studies that fit this category have been car- 

In all these classifications, the aim was to evaluate the 

ried out by Heurtier (1 9681, who investigated the ’touris- 
tic climate’ of western and Mediterranean Europe for the 
period June-September, and Crowe (1 9761, who 
classified the climate of Canada’s Northwest Territories 
for the purposes of tourism and recreation. As yet, 
however, there has been no attempt to develop a 
method for evaluating climate for tourism on a global 
basis. It is here that the concept of the tourism climatic 
index holds particular promise. The development of a 
TCI therefore constitutes the first step in an attempt to 
evaluate the climates of the world for the purposes of 
tourism. Since the feasibility and necessity of such a 
project have been discussed elsewhere (Mieczkowski 
1983), attention in this essay will be focused on concep- 
tual, methodological, and empirical issues. 

Selecting and Rating Climatic Elements as Variables for 
the TCI Formula 

It i s  scarcely necessary to remind geographers that cli- 
mate results from complex interactions among a set of 
elements. Yet tourist agencies commonly report in- 
formation on isolated elements, such as temperature or 
sunshine, and disregard other factors, thereby distorting 
the real climatic situation. The problem addressed in this 
essay is  how to integrate into a single index all the clima- 
tic elements relevant to the tourism experience. This 
synthetic measure, the tourism climatic index, should 
reflect objective reality as closely as possible; that is, it 
should be based on a systematic assessment of the 
favourable and unfavourable effects that climate can be 
expected to have on an ‘average’ tourist visiting a par- 
ticular locale at a particular time of year. It is also neces- 
sary to be able to summarize these various’effects in a 
formula from which TCI values can be computed. 

To construct such a formula, two conditions have to 
be satisfied. First, appropriate variables have to be deter- 
mined, a procedure that requires an evaluation of the 
elements of climate in the context of tourist well-being. 
Temperature, humidity, precipitation, sunshine, and 
wind are the basic elements that have to be provided for, 
but of far greater importance than any single element i s  
the complex parameter known as thermal comfort.’ This 
has a decisive influence on national and international 
tourist flows, and largely controls the duration of the 
tourist season, especially in mid- and high-latitude re- 
gions. 

Second, standardized rating systems have to be de- 
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vised to provide a common basis of measurement for the 
separate variables. For statistical convenience, a value 
of 5.0 has been assigned to the optimal condition in 
each case, scaling down to zero (and sometimes lower) 
in full or half units. The chosen variables are likely to 
differ in their importance to tourists, and will have to be 
weighted accordingly. 

in this section of the essay, beginning with the concept 
of thermal comfort, followed briefly by other climatic 
elements. 

These procedures and their rationale will be described 

T H E R M A L  C O M F O R T  VARIABLES 

For the present purpose, the analysis of thermal comfort 
involves the simultaneous evaluation of two climatic 
elements, temperature and humidity. In reality, how- 
ever, the level of thermal comfort is influenced by 6 
factors, 4 of which are environmental (i.e. concerned 
with the thermal environment) and 2 human. They are: 
air temperature (dry-bulb); water vapour pressure or re- 
lative humidity of ambient air; mean radiant temperatur- 
e; wind velocity; thermal resistance of clothing (clo 
value);2 and activity level, which influences the amount 
of heat produced in the body. 

Different combination of the six variables render dif- 
ferent levels of thermal sensation. The relations are ex- 
pressed in an equation for thermal comfort (Fanger 
1970, 41 ff), but the equation will not be described here 
since it is  not necessary to use it in full in the construc- 
tion of the TCI formula. Only two of the variables, dry- 
bulb temperature (DBT) and relative humidity (RH), are 
considered to be essential; the others will be treated as 
constants. Thus, mean radiant temperature is assumed 
to equal dry-bulb temperature, and wind velocity i s  
assumed to be zero. Thermal resistance of clothing i s  
basically assumed to be 0.6-1 .O clo for the optimal 
comfort zone. For colder temperatures, however, sea- 
sonal dress has to be assumed, an approach taken by 
Kandror, Demina, and Ratner (1 974). It weakens the 
assumption of 'constant' for the clothing factor but does 
not distort the values. Finally, an activity level equiva- 
lent to walking outdoors at a speed of 2.5-3.0 km/h, or 
about 2 mets, has been assumed to be appropriate for 
 tourist^.^ 

The decision to treat the two remaining factors, dry- 
bulb temperature and relative humidity, as the critical 
variables for thermal comfort i s  amply supported in phy- 

siological research. For some 50 years now, there have 
been attempts to correlate these two factors. In this nar- 
rower usage, thermal comfort expresses the reaction of 
the human body to the temperature-humidity relation- 
ship; it is  also defined in terms that declare it to be a 
psychological parameter as well as a physiological one. 
According to the American Society of Heating, Re- 
frigerating and Air conditioning Engineers (ASHRAE 
1974, 3), 'Thermal comfort i s  that condition of mind 
which expresses satisfaction with the thermal environ- 
ment.' This makes it difficult to measure, but, for prac- 
tical purposes, thermal comfort means that a person i s  in 
a state of thermal neutrality in which it i s  impossible to 
tell i f  a warmer or cooler environment would be pre- 
ferred. Hence, it is commonly assumed that thermal 
comfort equals thermal neutrality (Fanger 1970, 14). 

The standards for thermal comfort are subject to 
change over time. Between 191 4 and 1966 the optimal 
DBT increased by about 6c" for RH = 40 per cent (Rohles 
and Nevis 1973, 731 1, while the effective temperature 
for comfort increased from 1 8 " ~  to 20"c between 1923 
and 1941 (ASHRAE 1972, 136). According to Nevis 
(1 973: 435), heating season design temperatures in- 
creased from 2 0 " ~  in 1914 to 22.6"-25.6"~ in 1973, and 
'current US practice establishes the same comfort levels 
for heating and cooling at 25"c and 50% RH.' The 
reasons for these variations seem to be cultural and 
psychological; e.g. changes in clothing habits (a ten- 
dency to wear lighter clothing) and living and eating 
patterns, less outdoor work, better heating and cooling 
systems, and rising expectations of comfort. 

The condition of thermal comfort does not represent 
any specific combination of temperature and humidity. 
Rather, there i s  a comfort zone, or zone of contentment, 
that can be determined empirically by physiological re- 
search using a large number of subjects. If people were 
thermally equal, one research subject would suffice, but 
human thermal sensations are subjective, so it i s  im- 
possible to satisfy everyone in exactly the same thermal 
environment. It is also unrealistic to try to establish hard- 
and-fast bioclimatic norms. The task i s  rather to identify 
certain zones of objective thermal conditions, based on 
combinations of DBT and RH, and to determine the 
subjective thermal sensations that are more or less ap- 
plicable to these conditions. To achieve this aim, phy- 
siologists have conducted tests in artificial thermal con- 
ditions with large numbers of healthy subjects (in some 
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cases, well over one thousand). The optimal conditions 
of the thermal comfort zone, or the 'modal comfort en- 
velope' as it has come to be called by ASHRAE, are those 
that yield the highest possible percentage of favourable 
thermal sensations. The percentage of dissatisfied sub- 
jects in this zone is  normally between 5 and 20 per cent. 

In the 1960s and early 1970s, particularly important 
physiological research into thermal comfort zones was 
undertaken in the ASHRAE Environmental Test Chamber 
at Kansas State University. The results of these experi- 
ments have been accepted as the basis for the rating 
system of thermal sensations or thermal comfort, which 
constitutes the most important component of the TCI for- 
mula. At the same time, certain modifications were re- 
quired, because the ASHRAE experiments were oriented 
to the needs of the heating and air-conditioning indus- 
try. They therefore refer to indoor conditions, not out- 
door climates, and the subjects were at rest or engaged 
in light sedentary activities. 

It has been discovered that thermal comfort or dis- 
comfort, indoors or outdoors, i s  not a function of the 
body's core temperature but is largely influenced by skin 
temperature (Danilova 1977; Krawczyk 1979). This 
averages about 3 3 " ~  in conditions of thermal neutrality 
(ASHRAE 1972, 1321, and so a correlation between an 
average skin temperature of 33"c and the sensation of 
thermal comfort can be assumed (Fanger 1974: 314). It 
has been found, for instance, that an average skin 
temperature of 33"-34"~ i s  comfortable for a sedentary 
subject with an activity level of 1 met; a higher skin 
temperature under the same circumstances means dis- 
comfort. However, if levels of activity are increased, the 
subject may feel comfortable with a lower skin tempera- 
ture (ASHRAE 1972, 132 and 138; Fanger 1974,314). 
Danilova (1973, 165) suggested a comfort range of 31"- 
33"c for light work outdoors. 

Three Soviet researchers, Kandror, Demina, and Rat- 
ner (1 974) went a step further, devising a parameter 
called 'average weighted skin temperature' which corre- 
lates well with levels of thermal sensation (thermal com- 
fort) rated in points. This led them to conclude that hu- 
man thermal condition can be adequately characterized 
by the level of average weighted skin temperature which 
reflects the thermal content in the 'envelope' of the 
body, assuming that the temperature level of the 'core' 
of the body remains stable (i.e. is not subject to extreme 
meteorological influences or intensive muscular activ- 

ity). According to their results, an average weighted skin 
temperature of 31 "-33"c is  closest to the optimal ther- 
mal sensation in air temperatures above 0"c (Kandror, 
Demina, and Ratner 1974, 91-2). Even with tempera- 
tures below freezing, the average weighted skin tem- 
perature drops insignificantly to 31 -32"c (Kandror, 
Demina, and Ratner 1974, 84). The slightly lower skin 
temperatures in the Soviet tests arise from the fact that 
their subjects were engaged in light work outdoors, 
whereas the Western researchers tested their subjects in 
conditions of rest indoors. 

Measurement of thermal comfort: In the physiological 
literature the degree of thermal comfort (or discomfort) i s  
measured by the comfort index, a numerical parameter 
defined as the 'psychophysiological sensations of the 
average person in terms of temperature and humidity' 
(Terjung 1968, 1 19). In turn, this composite measure 
makes use of the concept of effective temperature (ET), 

which, in a simplified way, is a single index of dry-bulb 
temperature and relative h ~ m i d i t y . ~  When drawn on a 
psychrometric chart, as in Figure 1, the lines of effective 
temperature represent lines of equal physiological ther- 
mal sensation. In other words, effective temperature 
means the temperature that i s  really experienced. The 
Russian term is  oshchushchayemaya ternperatura, liter- 
ally 'temperature really felt.' Some 60 years of research 
have now gone into this notion, but the most recent 
adjustment of the official arrangement of ET lines OC- 
curred in 1972 (ASHRAE 1974). The rating system of ther- 
mal sensations (thermal comfort) for the TCI formula is 
based on these modified standards. 

The comfort index has proved a reliable measure of 
the degree of comfort, especially in the range of RH 30- 
70 per cent. In more general terms, researchers agree 
that the optimum of comfort for a lightly dressed, seated 
person lies around 2Oo-27"c DBT and between 30 and 
70 per cent RH, although 20-80 per cent RH seems to be 
tolerable (Heurtier 1968, 86). The reliability of the com- 
fort index decreases toward the extremes of RH, which 
may be regarded as intrinsically uncomfortable. That is, 
very high RH and very low RH induce discomfort at 
almost any temperature (Terjung 1966, 151 ; Heurtier 
1968, 86). 

Low air humidity levels are reputed to cause discom- 
fort by drying the nasal mucus, although this has not 
been confirmed by researchers experimenting with low 
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Figure 1 
Thermal comfort rating system for the tourism climatic index, modified from ASHRAE (1972) standards of effective temperature 

humidities (Elkins and Longley 1968; Mclntyre 1978). 
On the contrary, Anderson, Lundqvist, and lensen 
(1 974, 323) came to the startling conclusion 'that there 
is  no physiological need for humidification of the air.' 
High air humidity seems to have a greater influence on 
the level of thermal comfort, especially at higher 
temperatures. It impedes the dissipation of body heat, 
thus creating the condition called hyperthermia (over- 
heating). The experiments of Griffiths and Mclntyre 
(1  973, 463) indicate that a temperature of 28"c consti- 
tutes a kind of threshold, when the research subjects find 
high RH 'more oppressive, more moist and less comfort- 
able.' In my opinion, however, 28"c should not be re- 
garded as a universal threshold but rather as an indicator 
of a transition zone that lies below this value. I suggest 
that DBTS of 24"-28"~ define this transition zone. Below 
this range the majority of people sweat little or not at all 
when lightly dressed and in sedentary positions; in- 
creases in RH have little effect on them. 

The available research on effective temperature leads 
to the conclusion the RH plays a more important role at 
high temperatures than at low. This is reflected in Figure 
1 in the decreasing slopes of the ET lines from right to 
left. Gregorczuk and Cena (1 967, 145), using the pre- 
1972 ET standards, even suggested that the influence of 
RH on sensations of warmth is  applicable only for ETS 

over 1 O"c, with extreme discomfort starting at 28"c ET. 

ETS over 3 1 Oc create stressful conditions for the body, 
and ET 35"c constitutes the upper limit of human toler- 
ance. 

At the same time, the left side of the psychrometric 
chart cannot be ignored completely. At temperatures 

between approximately 0"c and 1 0 " ~  there is  a slight 
negative correlation between temperature and humidity. 
Terjung (1  966, 153) puts it this way: 'The ET lines which 
in the warmer portions of the continuum tend to empha- 
size and reinforce the effect of high temperature and 
high moisture, tend to do the opposite from about 8"c 
dry-bulb on towards the colder portions of the chart.' 
The practical experience that wet cold i s  more uncom- 
fortable than dry cold leads me to the conclusion that 
between about 0" and 8"c DBT, the sensible warming of 
temperature i s  reduced by high humidity. Below 0"c DBT 

the RH loses its influence on comfort, as long as the 
negative effect of humidity on the insulating power of 
clothes in low temperatures is  not allowed for. For this 
range the measure of comfort, discounting the effects of 
wind, is  exclusively and directly dependent on DBT. In- 
deed, the decreased importance of RH in temperatures 
characteristic of mid-latitude climates has induced some 
authors to ignore it for regionally limited studies. For 
example, Camuset (1975: Annexe E, 2-3) used a simple 
(certainly too simple) formula of a modified climatic in- 
dex (CI)  computed for major French cities and resorts: 
CI = monthly hours of insolation x monthly mean tem- 
perature/ monthly rainfall. 

Thermal comfort rating system: In summary, to establish 
the rating system by which to assess the level of thermal 
comfort for the TCI, the two variables of dry-bulb temper- 
ature and relative humidity were selected and the 
ASHRAE thermal comfort standards were reviewed 
(ASHRAE 1972; Rohles and Nevis 1973; Rohles 1974). 
Following from this, the 1972 ASHRAE standard for 
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optimal comfort (thermal neutrality) was accepted as the 
optimal rating zone, although some modifications were 
required, for three reasons. Radiant temperature, 
although treated as a constant here, influences the level 
of thermal comfort outdoors, especially in hot air, where 
it increases the D B T . ~  Personal standards of comfort 
accept rather lower temperatures outdoors than they do 
indoors (Ambler 1968, 295). The production of body 
heat is  greater for a person walking slowly than for a 
sedentary one. 

zone constitutes the optimal zone for the TCI, with a 
rating of 5.0 points. The rating scale then decreases 
progressively on both sides of the optimal zone, accord- 
ing to an arbitrarily assigned set of ordinal values. The 
boundaries between the rating zones are the ET lines 
derived from the ASHRAE comfort chart (ASHRAE 1972, 
137). The scale ranges down to -3.0. It i s  divided into 
half-point cohorts between 1 .O and 5.0, and one-point 
cohorts between -3.0 and 1 .O. 

A final observation about the ETS pertains to their use- 
fulness for rating adjustments to various levels of rec- 
reational activity. Although these variations were not 
taken into account here, Terjung suggested that the 
sloped of ET lines become more horizontal with in- 
creased activity (Terjung 1966, 147). Kandror, Demina, 
and Ratner (1 974, 52) are of the opinion that the ET 

concept i s  useless in this respect; they stress the impossi- 
bility of using it for various types of work. I think that a 
more practical solution lies in shifting the rating zones as 
the production of body heat increases with increased 
activity levels, thus producing different thermal comfort 
requirements. Different environmental conditions may 
contribute to change, as well; e.g. the rating scale for 
beach activities could be shifted by one unit to the right, 
reflecting the changed thermal requirements. 

On Figure 1, the adjusted ASHRAE thermal neutrality 

Rating thermal comfort for the TCI: The final step in this 
procedure was to decide on the most appropriate mea- 
sures of thermal comfort or ET from the standpoint of 
tourists. Two indices were therefore developed; both 
depend on monthly normals of DBT and RH. 

The first measure, the daytime comfort index, com- 
bines the variables of maximum daily DBT and minimum 
daily RH. Both usually occur between 1200 and 1600 
hours, which is also when tourists tend to be most active 
outdoors. For this reason, the daytime comfort index i s  

considered to be the single most important indicator of 
their climatic well-being. It carries a weight of 40 per 
cent in the TCI formula. 

The second measure, the daily comfort index, em- 
ploys two different variables - mean daily DBT and 
mean daily RH. This index carries only 10 per cent in the 
TCI formula because it reflects conditions of thermal 
comfort over the full 24 hours, including the night hours 
when most tourists stay indoors. It i s  therefore consid- 
ered to be a less valid measure than the daytime comfort 
index, although it does allow for the possible effects of 
lower night-time temperatures. Hounam (1 967, 1561, 
for one, regards diurnal variation as an importnat com- 
fort factor: 'The physiological effect of a cool night / hot 
day sequence is  important in daytime comfort because 
after a comfortable night one i s  better able to stand up to 
an uncomfortable day.' 

To obtain the indices, the values of monthly normals 
for the desired pair of variables are plotted on Figure 1. 
Thus, for example, the combination of a temperature 
normal of 2 8 " ~  with 30 per cent RH gives the optimum 
rating (index) of 5.0. The same DBT with 40 per cent RH 

gives an index score of 4.5, and with 70 per cent RH, 

only 3.5. 

O T H E R  C L I M A T I C  E L E M E N T S  I N  T H E  T C I  

Precipitation: Precipitation has a significant effect on the 
climatic comfort of tourists, both through the total 
amounts that fall and through their distribution in time. 
Persistent light or moderate rain, though producing a 
relatively small total amount, i s  more difficult to endure 
than a thunderstorm with a concentrated period of 
heavy rain. While it i s  sometimes impossible for sight- 
seers to resume an activity immediately (e.g. it is not 
possible to continue game viewing in African national 
parks after a heavy rainfall on lateritic soils, since the 
roads remain impassable for a relatively long time), 
these situations are exceptional. The rule is that if such 
thunderstorms occur only a few times in a month, they 
do not constitute a major discomfort for tourists. Yet the 
same amount of precipitation distributed evenly 
throughout a month in the form of light persistent rain 
may significantly diminish holiday enjoyment. The same 
holds true on a daily basis. Thus, the number of days 
with some minimal precipitation has to be taken into 
account, although there are different opinions about 
what that minimum should be. Heurtier (1968, 8 3 )  used 
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Table 1 
Precipitation variable 

Rates Mean monthly precipitation 
~ 

5.0 
4.5 
4.0 
3.5 
3.0 
2.5 
2.0 
1.5 
1 .o 
0.5 
0.0 

0.0-14.9 mm 
15.0-29.9mm 
30.0-44.9 mm 
45.0-59.9 mm 
60.0-74.9 mm 
75.0-89.9 mm 
90.0-104.9 mm 

105.0-1 19.9 mm 
120.0-134.9 mm 
135.0-149.9 mm 
150.0 mm or more 

a standard of >l mm, Danilova (1976, 107) >3 mm, 
and Hofer (1 967,444) >5 mm for the purpose of deter- 
mining the number of days per month on which pre- 
cipitation i s  a negative factor in human perception of 
comfort6 

For the purpose of constructing the TCI, the choice of 
precipitation variables was narrowed to three: the 
amount of precipitation, the mean number of days with 
precipitation >1 mm, and the percentage of precipita- 
tion during daytime hours (0900-2 100). Unfortunately, 
the last two variables had to be dropped later, because it 
was found that data were not available, especially in a 
number of developing countries. In the upshot, only the 
absolute amount of precipitation has been included in 
the formula, in accordance with the rating scale in Table 
1. For monthly precipitation >150 mm, a value of -1 .O 
i s  assigned for each additional 60 mm of precipitation. 
This rating system reflects the progressive disadvantage 
of increasing precipitation for tourists' enjoyment. The 
precipitation factor has also been assigned a weight of 
20 per cent in the TCI formula, in recognition of i ts  sub- 
stantial effect on tourist well-being. 

Sunshine: Sunny conditions are generally regarded as 
positive factors in human climatic comfort, since they 
are associated with the health benefits of moderate ultra- 
violet radiation. They are also necessary for sunbathing 
and improve the results of photography, both of which 
are important aspects of the tourism experience. At the 
same time, insolation is not without negative features, 
such as the danger of sunburn and skin cancer associ- 
ated with ultraviolet rays, the discomfort resulting from 
overheating connected with the combination of direct 

solar radiation and high air temperatures, and the in- 
crease in indirect radiation which contributes to heat 
load with high air temperatures. As well, there are the 
sundry health hazards listed by Rosen (1 979, 76): 'Ex- 
cessive sunshine ... can increase gastric excretion, in- 
crease protein metabolism, lower blood pressure, in- 
crease hemoglobin content and number of erythrocytes, 
increase the fraction of vitamin D and histamines, and 
increase calcium, magnesium, and phosphate levels in 
the blood.' 

Conversely, some authors have argued that cloudy 
skies with warm temperatures should not be regarded as 
a source of discomfort, even in seaside resorts. Burnet 
(1 963, 61) used the example of the Basque Riviera of 
northern Spain and southwestern France, located in the 
contact zone between the Pyrenees and the Atlantic 
Ocean. Semi-clouded skies often occur there in con- 
junction with warm temperatures and, according to Bur- 
net, constitute one of the attractions of the region. Darn- 
mann (1 964: 114) came to a similar conclusion with 
respect to the long-range effects of 'good weather' as a 
negative factor in climotherapy. 

These arguments underline the point that sunshine 
should not be viewed as unequivocally beneficial for 
tourism. Still, as far as most tourists are concerned, sun- 
shine is  a positive feature and has been so treated in the 
TCI formula. Like precipitation, it is  given a weight of 20 
per cent, and, in general, the more sunshine the better 
the rating. Only for stations (mainly located in desert 
climates) where high amounts of sunshine are combined 
with temperatures exceeding skin temperature (about 
33"c) will a negative effect be recognized. For tempera- 
tures between 33" and 36"c, 10 points are to be de- 
ducted from the total monthly index score, and in those 
rare situations where temperatures exceed 36"c the de- 
duction is  to be increased to 20 points. In this way in- 
direct radiation (which has otherwise been ignored) can 
be taken into account. 

The selection of an appropriate measure of insolation 
for the TCI formula posed some difficulty. Initially, 
influenced in part by Heurtier (1 968, 77-81, I thought 
that the percentage of possible total sunshine would be 
best, since it i s  the inverse indicator of the degree of 
cloudiness. However, this variable has two critical 
deficiencies. First, it is  given rather rarely in meteorolog- 
ical statistics. The common measure is mean monthly 
hours of sunshine, and so an additional computation 
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Table 2 
Insolation variable 

Rates Mean monthly hours of sunshine per day 

5.0 
4.5 
4.0 
3.5 
3.0 
2.5 
2.0 
1.5 
1 .o 
0.5 
0.0 

10 hrs or more 
9 hrs - 9 hrs 59 min 
8 hrs - 8 hrs 59 min 
7 hrs - 7 hrs 59 min 
6 hrs - 6 hrs 59 min 
5 hrs - 5 hrs 59 min 
4 hrs - 4 hrs 59 min 
3 hrs - 3 hrs 59 min 
2 hrs - 2 hrs 59 min 
1 h r - 1  hr59min 

lessthan 1 hr 

would be required to convert that into a percentage, 
using the length of daylight hours from astronomical 
tables. Second, and more important, tourists are in- 
terested in the absolute number of sunshine hours per 
day, and relative figures have less importance to them; 
e.g. during short winter days a high percentage of sun- 
shine may translate into fewer sunshine hours than are 
experienced on summer days with a lower sunshine per- 
centage. With this in mind, I have adopted mean month- 
ly hours of sunshine per day as the insolation variable. 
The variable i s  calculated by dividing the mean monthly 
hours of sunshine by the number of days in the relevant 
month. The rating scale in Table 2 was then developed. 

Wind: Wind is  a complicated factor to evaluate for the 
TCI. Authors of regional studies, where there is little spa- 
tial variation in wind speed, have eliminated it from 
consideration by assuming some constant value. For ex- 
ample, Heurtier (1 968, 76) assumed a constant wind 
speed of 4 m / s in his study area. This closely resembles 
Serra's (1 953) estimate that the average wind speed in 
Europe is slightly greater than 4 m/s. 

These precedents to the contrary, it would be a mis- 
take not to include wind as a variable in the TCI formula. 
It plays a critical role, because it accelerates the transfer 
of heat by turbulence and by evaporative cooling. At 
cooler temperatures, wind increases the chill sensation 
by removing the heated layer of air near the skin; at 
warmer temperatures, between 24O-26"~ and 33"c (skin 
temperature), it pleasantly cools the body by the same 
action, removing the overheated, saturated layer of air 
and so restoring the function of evaporative cooling. 
When air temperature exceeds the comfort skin temper- 

ature, wind increases the heat load by adding convec- 
tive heat to the body, thus contributing to a still more 
unbearable feeling of discomfort. 

These considerations gave rise to three conclusions of 
importance to the construction of a rating system for 
wind speed.' First, wind is a basically negative variable 
that should normally be associated with lower ratings as 
wind speeds increase. This is  especially valid for cold 
and temperate climatic conditions (in the latter case, 
excluding the hottest months with mean maximum 
temperatures greater than 24"c). A negative evaluation 
should also be applied against hot climates with mean 
maximum temperatures greater than 33"c. Danilova 
(1 976, 107) regards winds over 6 m / s (i.e. over 20 km / 
h) as uncomfortable in any weather conditions. 

Second, for cold climatic conditions it seems desir- 
able to have another system based on wind chill rating, 
in which average monthly wind speeds are integrated 
with monthly mean daily temperatures. It was also con- 
cluded that windspeeds of over 5 m / s (or about 18 km / 
h) need not be taken into account in the rating system, 
because they produce no significant further deteriora- 
tion in human thermal condition (Kandror, Demina, and 
Ratner 1974, 11 6).8 

Third, since increased wind speeds may be beneficial 
under some conditions, yet another rating system should 
be constructed for areas with trade winds and other 
areas when monthly mean maximum temperatures are 
immediately below the mean comfort skin temperature. 
Such areas may lie in hot climatic zones as well as in 
temperate zones. 

With these points in mind, four separate wind rating 
schemes were devised (Table 3). The first, the so-called 
normal system (column 3), in which the lowest mean 

Table 3 
Wind Rating Scales 

Wind speed Beaufort Normal Trade wind Hot climate 
(km i h) scale system system system 

<2.88 
2.88-5.75 
5.76-9.03 
9.04-12.23 
12.24-1 9.79 
19.80-24.29 
24.30-28.79 
28.80-38.52 
>38.52 

5.0 
4.5 
4.0 
3.5 
3.0 
2.5 
2.0 
1 .o 
0 

2.0 
2.5 
3.0 
4.0 
5.0 
4.0 
3.0 
2.0 
0 

2.0 
1.5 
1 .o 
0.5 
0 
0 
0 
0 
0 
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Wind Chill Cooling Rates 
(Watts Per Squore Meter Per Hour) 
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Figure 2 
Wind chili rating system for the tourism climatic index, modified from a nomogram prepared by Environment Canada 

monthly wind speeds are assigned the optimum value of 
5.0, is  intended to apply to those months in which the 
mean daily maximum temperature i s  between 15" and 
24'~. The trade wind system (column 4) recognizes the 
pleasant effect that evaporative cooling can have at 
higher temperatures (i.e. between 24" and 3 3 " ~ ) ;  on this 
scale, the optimum value is  set at a moderate wind 
speed. Next, under the hot climate system (column 51, 
in which mean daily maximum temperatures exceed 
33Oc, any wind is considered to be uncomfortable; here, 
the lowest mean monthly wind speeds are again 
assigned the maximum rating, but the value is  only 2.0. 
Finally, in consideration of the negative effect of wind at 
low temperatures, a wind chill nomogram has been pre- 
pared (Figure 2) .  It is  meant to be applied to months in 
which the mean daily maximum temperature is  less then 
15"c and the mean wind speed is  greater then 8 km I h 

(about 2 m 1 s); at lower wind speeds the 'normal system' 
still applies. 

The TCI Formula 

THE F I N A L  SET OF V A R I A B L E S  

Two criteria governed the final selection of variables for 
the TCI formula. One was the theoretical considerations 
of tourist well-being that have just been reviewed; the 
other was the availability of appropriate data on a world- 
wide basis. On purely theoretical grounds, an initial list 
of 12 variables was compiled. Aquestionnnaire was 
then circulated to the meteorological services of well 
over 100 countries, in an attempt to fill gaps in the pub- 
lished record of meteorological statistics. This was only 
partially successful, so it was necessry to omit 5 of the 
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Table 4 
Monthly TCI5 for Edmonton, Toronto, and Sydney 

Meteorological 
station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

40 21 Edmonton 20 25 37 39 73 77 83 80 69 55 
Toronto 27 29 38 50 69 86 86 88 76 56 38 29 
Sydney 82 76 76 75 65 50 55 61 74 77 79 84 

Table 5 
A Classification Scheme for Mapping Tcls 

Numerical value 
of indices Code Descriptive category Mapping category 

90-1 00 
80-89 

70-79 
60-69 

50-59 
40-59 

ideal 
excellent 

very good 
good 

acceptable 
marginal 

excellent 

very good 
and good 

acceptable 

30-39 3 unfavourable 
20-29 2 very unfavourable 
10-19 1 extremely unfavourable unfavourable 
9--9 0 impossible 

- 10--20 -1 impossible 

original variables, chiefly because of a lack of data for 
some developing countries. 

or normals, are: 1)  maximum daily temperature ("c); 2) 
mean daily temperature ("c); 3) minimum daily relative 
humidity (percentage); 4) daily relative humidity (per- 
centage); 5) precipitation (mm of rain); 6) daily duration 
of sunshine (hours); and 7) wind speed (m / s or km / h). 
The first 4 variables relate to the thermal comfort of 
tourists, with variables 1 and 3 being combined in the 
daytime comfort index and variables 2 and 4 in the daily 
comfort index. 

The 7 remaining variables, all of them monthly means 

THE T C I  FORMULA 

When the several variables are weighted in accordance 
with the relative importance that they are believed to 
bear in tourist well-being, the following formula i s  de- 
rived (the sunshine variable is based on monthly nor- 
mals; all other variables are monthly normals): TCI = 
4cid + cia + 2R + 2S + W, where cid = daytime 
comfort index, composed of T1 = maximum daily DBT 

and RHmin = minimum daily RH; cia = daily comfort 
index, composed of T2 = mean daily DBT and RHa = 

mean daily RH; R = precipitation in mm of rain; S = 

daily hours of bright sunshine; and W = wind speed in 
m / s or km / h. In numerical terms, with an otimal rating 
of 5.0 for every variable, the formula takes on the fol- 
lowing expression: TCI = 2[(4 x 5 )  + 5 + (2 x 5) + (2 x 
5 )  + 51 = 100. 

APPLICATIONS OF THE TCI  

Although the full results cannot be presented here, TCIS 

have been computed for every month for the 453 
meteorological stations for which data have so far been 
obtained. In illustration of the method, monthly indices 
for three individual stations are provided in Table 4. 

Indices can also be mapped to bring out global and 
regional patterns of climatic conditions for tourism. 
However,this means that the TCI data must undergo a 
further transformation, since it i s  necessary to group the 
index scores in accordance with some classification 
scheme. An example i s  provided in Table 5. This repre- 
sents a first approach to the problem, and the actual 
classes employed in the table need to be subjected to 
rigorous analysis to determine whether they are, in fact, 
appropriately scaled to the realities of tourist well-being. 
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Figure 3 
Tourist climatic conditions for January 

Nonetheless, the scheme serves the immediate purpose 
of demonstrating the utility of the TCI for mapping on a 
world scale. Sample maps have been prepared for every 
month, but only the January map is  presented here to 
illustrate the technique (Figure 3). The 453 meteorolog- 
ical stations in the data file represent all climatic regions 
and subregions, so their individual scores have been 
generalized into regions on the basis of Trewartha’s 
climatic regionalization, as published in all recent edi- 
tions of Coode’s World Atlas. 

Discussion 

In terms of the methodological issues raised by the con- 
struction of the TCI,  there are two that merit discussion: 
the rating systems and the weighting of the rated vari- 
ables. 

RATING SYSTEMS 
The ratings, which constitute evaluations of climatic 
variables for the purposes of tourism, represent compar- 
ative rather than absolute values, but they are derived 
from a consistently applied method. Although the results 
are stochastic, not causal, they can nonetheless be re- 

garded as nomothetic (Bishop 1978, 149-51) and there- 
fore scientifically objective and valid. In particular, the 
biomedical research results, on which the evaluation of 
thermal comfort for tourists has been based, have estab- 
lished parameters of human thermal comfort (or discom- 
fort) with respect to temperature and humidity according 
to the preferences of a majority of healthy adults. There 
is a considerable degree of agreement among indepen- 
dently conducted research projects, sometimes involv- 
ing well over 1,000 research subjects. With respect to 
variables 5-7, in contrast, there is little available re- 
search, so an empirical-judgmental method had to be 
used in the development of rating systems. The literature 
was of some use, but only in general terms (Maunder 

Human thermal sensations (variables 1-4) and the 
other climatic elements (variables 5-7) do not render 
themselves well to a discrete method of rating. In reality, 
when making evaluations of human climatic sensations 
or preferences, we are dealing with continua rather than 
with sharply defined limits or thresholds. In the TCI rating 
systems, however, the transition from one level of re- 
sponse to another has had to be collapsed into the con- 
ventional form of artificial limits. The zones within these 
limits constitute the best known approximations to the 

1962, 8-9). 



TheTourism Climatic Index 231 

opinions of a majority of people about thermal comfort, 
or, in the case of variables 5-7, my own judgment. 

different recreational activities, since their climatic re- 
quirements vary widely. Two extreme examples are 
beach activities, which require little or no clothing, and 
high-mountain recreational activities, which often re- 
quire warm clothing. Because each of these activities 
depends on special climatic data sets for their evalua- 
tion, the rating systems presented in this essay have 
considered only sightseeing - the most common tourist 
activity. Individual recreational activities could be 
allowed for by shifting the rating values according to the 
varying climatic requirements. Such modifications 
could be made rapidly with an appropriate computer 
program. 

Another important methodological issue is how to rate 

THE I S S U E  OF ARBITRARINESS OF WEIGHTS 

To open this discussion, it is  appropriate to quote Maun- 
der (1  962, 5): 'Unfortunately, in deciding both what to 
include, and how important the elements are in relation 
to total climate, one is  forced to rely primarily on per- 
sonal experience and observations for there is  no 
measurable basis for deciding such issues. Nevertheless, 
some choice of elements and some weighting of the 
elements chosen must be decided upon, even though it 
is realized that there will be many who will disagree.' 

The prospect of disagreement certainly applies to the 
TCI proposed here, especially with reference to the deci- 
sion to assign the highest weight (50 per cent of the total 
TCI value) to thermal comfort. Auliciems, for one, 
reflects a different view: 'The primary and most 
significant weather element associated with increased 
"pleasantness" was increased sunshine - accounting for 
some 20 per cent of the variance. Unrelated to sunshine, 
increasing temperature had a secondary influence on 
the perception of "pleasantness". And the perceived de- 
gree of "pleasantness" was reduced by increasing 
cloudiness, humidity, and wind speed' (in Rosen 1979, 
81 1. 

The most basic reason for expecting disagreements to 
occur, as the extract from Auliciems reveals, is  that hu- 
man response to climatic elements i s  partly a matter of 
perception. This means that the variables in the TCI are 
psychological as well as physiological. Ambler (1 968), 
for example, has observed that we feel warmer as soon 

as we walk into a sunny area, before the sun really starts 
to 'work.' Similarly, sunshine i s  especially appreciated 
after long spells of overcast conditions, so its weight i s  
greatest in cool seasons (Auliciems 1976). Yet, when 
Ambler (1 968, 296) compared the apparent warming 
effects of sunshine in India and England, he came to the 
conclusion that bright sunshine in India was equivalent 
to about 1 O'F (6"c), whereas in England it was equiva- 
lent to only 5.5"F, 'in spite of the fact that the sun was 
lower than in India and therefore radiating over a greater 
area of the body.' 

This evidence of subjectivity aside, most writers on 
the subject agree that thermal comfort is  the single most 
important factor in the evaluation of climate from the 
perspective of human well-being (e.g. Terjung 1966, 
1973; Heurtier 1968, 526). In general, if there is dis- 
agreement it is  most likely to be about the best numeri- 
cal values for the assigned weights (Maunder 1962, 8). 

Another point that should be apparent is that the 
weighting adopted here (and probably the rating sys- 
tems as well) will not suit every tourist. Since the desired 
benchmark was the 'average tourist,' the TCIS do not 
provide directly for individual climatic preferences. At 
the same time, the system has an inherent flexibility 
which allows it to be adapted. This follows the example 
of Heurtier (1 968), who provided for individual weight- 
ing adjustments in his formula for climatic well-being. 
Thus, i f  a tourist attaches special value to sunny skies but 
is not troubled by wind, the weight of the 'insolation' 
variable could be increased from 2 to 3 and that of the 
'wind' variable reduced from 1 to 0. This, of course, 
would require new indices to be computed, and the 
individual meteorological stations would acquire differ- 
ent TCI values. Here, again, a computer program could 
provide instant information. 

In summary, the arbitrariness of numerical representa- 
tions i s  as much an issue in the weighting procedures as 
it is in the rating systems. Because the weights for the TCI 

formula have been derived by value judgments, an ele- 
ment of arbitrariness, and thus subjectivity, has been 
introduced. For this reason, the final scores of the TCIS 

should not be regarded as mathematically precise, abso- 
lute quantities. At best, they are reasonable approxima- 
tions. Their sole purpose is to express a comparative 
evaluation of climates from the tourist's point of view. In 
other words, the indices show, in quantitative terms, the 
relative merits or demerits of an area as compared with 



232 Z. Mieczkowski 

other areas of the world for each of the twelve months. 
Their value i s  further enhanced by the fact that this 
method of evaluating the world's climates i s  designed to 
be applied with complete consistency. 

Notes 

Heurtier (1 968, 81) argues that the term 'comfort' i s  not appropriate 
because it is used for indoor situations. He suggests 'thermal well- 
being' (bienCtre thermique) instead. 
One clo is  the unit of thermal insulation of clothing that will main- 
tain a resting-sitting person, whose metabolism i s  58 W/ m', 
indefinitely comfortable when 7 = 2 1 'c, R H  < 50 per cent and v = 
10 cm / s (Cagge, Burton, and Bajett 1941 ). 
The level of activity is measured in met-units, where 1 met = 58 W /  
m2 (50 Kcal/ m2h). Sedentary activity corresponds to 1 met, standing 
to 1.4 met, slow walking (3 km / h) to 2 mets, walking at 5 km / h to 
2-6 mets, and running at 10 km / h to 8 mets (Fanger 1974, 314). 
According to Kandror, Demina, and Ratner (1 974, 24), people walk- 
ing 2.5 to 3 km / h produce 150-200 Kcall h, which is  equivalent to 
1.8-2.4 mets. 
There are other examples of temperature being correlated with 
humidity. The US National Weather Service uses a temperature- 
humidity index (THI) which gives a numerical indication of human 
comfort. At THI 70, about 10 per cent of the population is  uncomfort- 
able, at THI 75, half the population is  uncomfortable, and at THI  80, 
just about everyone is  uncomfortable (Maunder 1970, 197; Gates 
1973, 94-5). In Canada the combined effects of temperature and 
humidity are now expressed by 'humidex', a number indicating a 
degree of comfort. A humidex of 20-29 i s  comfortable, 30-39 indi- 
cates some discomfort, and 40-45 i s  uncomfortable for everyone 
(Winnipeg Free Press 21 August 1976). 
When clothed, people experience less radiant heating than when 
nude, especially in hot desert conditions. 
Some authors find even the number of rainy days an inadequate 
indicator for purposes of tourism. Friedrich (1 960) argues that Aus- 
tria has an average of about 50,per cent rainy days but only 10-20 
per cent hours with rain, a phenomenon tht is  even more pro- 
nounced in most low-latitude climates. 
Other possible variables have not been included, most notably the 
frequency of strong winds, either as a percentage or a frequency of 
duration of wind above a certain speed. Also significant is  the aver- 
age number of days with gusts over 39 km / h (6 on the Beaufort 
scale). Unfortunately, such data are not available on a world-wide 
basis, so mean monthly wind speed had to stand as the only feasible 
variable. 
There is a disagreement about the wind speed beyond which there is  
little additional chilling effect. Terjung (1966, 150) suggests a cut-off 
value at 72 km / h or 20 m / s. Indeed, an analysis of his nomogram 
(Terjung 1966, 151) makes clear the gradual nature of the phe- 
nomenon and, thus, the subjectivity ofthe issue. 
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Observations 
A NEW FEATURE FOR THE CANADlAN 
GEOGRAPHER 
The Editor 

The Canadian Geographer i s  introducing a new feature, 
titled ‘Observations.’ It i s  designed to make productive 
use of pages found at the ends of articles that, in the 
past, have ended up at least half blank. An Observation 
may consist of a display in the left-hand column (eg 
map, table, graph, photo, quote) and a related commen- 
tary of up to 300 words in the right-hand column, or it 
may be a research-related statement or provocative 
essay of up to 500 words. Its objective may be to inter- 
pret patterns or trends, raise questions, present prob- 
lems, pose hypotheses, or advance arguments. 

The first example of an Observation appears on page 
273 of this issue. It i s  anticipated that two to four of these 
could appear in each issue of the Geographer. 

Please send submissions to the Editor, following the 
’Instructions for Contributors’ that appear in the spring 
1985 issue (vol29, no 1)  on pages 94-6. 




