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The workers in the field of regional climatology have always been
concerned with the question of classifying the climates of the world. The
complexity of the problems invelved has necessitated the adoption of
various approaches and techniques and has therefore resulted in the
presence of several systems of climatic classifications . The criteria used
in some of the major systems have varied between vegetation.
precipitation effectiveness, temperature and air masses which were used
either as independent variables or in different combinations.

The present paper is an atiempt to throw some light on the systems
supgested by Koppen (1900 — 1918), Thornthwaite (1931 .- 1948) Strahler
{1951) and Miller (1931} , which seem to represent the major approaches
in the {ield of climatic classifications.

The wutilization of the vegetation faclor was started by Koppen in

1900. Here he depended on the identification of the major plant groups on
the assumption that plants are very demanding in their climatic
requirements and so each distinct plant group tends te flourish within
restricted climatic conditions that can hardly be suitable for another plant
group. So Koppen started with recognizing the major plant groups and
then he worked out the climatic conditions within which each group

grows. He utilized this information to define the climatic boundaries
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between the major plant groups which were regarded as being equivalent
to the major climatic types. The utilization of the vegetation factor in this
sense differs to a large extent from that of Thorthwaite (1931) who used
the plant groups as a guide to the location of the climatic boundaries . He
worked out the characteristics of the various climatic types according to
his thermal efficiency and precipitation effectiveness indices and then he
defined the boundaries on the basis of vegetation distribution.

The precipitation effectiveness has also served us a basis for
classifying the world's climates. This factor is intended (o express the
reiation between water-gain and water-loss with the view of assessing the
availability of water for plants . It started with the rain factor of Koppen
(1900) which was then followed by various formulae in which a
temperature factor has been used instead of evaporation due to the
difficulty of obtaining sufficient and reliable data on evaporation. When
evaporation figures became available, they were used extensively.
Thornthwaite extended this eventually in 1948 to become potential
evapotranspiration that can oceur under unlimited water supplies.

Many workers in this field have also used the temperature as a
basts of classification. Iowever, there are wide differences in the ways or
the techniques of utilizing the temperature factor. Koppen {1918) for
example used the temperature of the coldest and warmest months to
identify his major climatic belis. This differs from the case of Miller
{1931} who was interested in the presence or absence of a cold season
Miller also believed that the duration of the cold or the warm season is
important and so it could also serve as a basis for identifying some of the
climatic types. This forced Miller to suggest a new definition of the cold
and warm months.

A more sophisticatad use of the lemperature factor was made by

Thornthwaite (1931 and 1948) who suggested new thermal factors which
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he called the thermal efficiency indices. These are used as tools for
recognizing the major thermal belts or thermal zones of ihe worid.
Alihough these thermal provinces or zones occupy the second place in his
literal order . yet they are by no means less significant than the moisture
zones that occupy the first position in his system of classification. Beside
this three of his major climatic beits are identified on the basis of this
thermal factor.

In 1931 Thornthwaite used the formula (T-32) to obtain Thermal
.4
Cfficiency Ratio However, i 1948 he regerded the thermal efficiency

ratio as being equivalent o the potential Evapotranspiration and so he
used one formula to serve the two purposes. The formula is in the form
of -
e=1600t/ 1
Where ¢ = Monthly potential evapotranspiration in cins.
t = Monthty temperature in "¢
=12 (¢5)"

a= A constant

The air masses form the basis of Strahler's classification. This
classification is one of the so-called genetic classifications that atempt o
identify the climatic variations on the basis of the causes of ithese
variations. Although this scems to be a valid approach yet it requires a
detailed understanding of the types and the characteristics of the air
masses in the different parts of the world It is true that an ideal air mass
of a certain type should have certain basic characteristics. However, there

is no guarantce that the actual effects of such an air mass will be identical
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throughout the frack followed by that particular air mass. In addition to
this , the local variations, that may be very significant in some areas. can
hardly be recognized in Strahler's systerm.

Almost all the systems under consideration have failed to rely
entirely on a single element or a single criterion on the basis of which one
may identify the various climatic types of the world It is true that most of
these systems depend largely on a single element or criterion for
wdentifying most but not all of their major climatic types. For example , in
the case of the systems that use a Thermal factor for recognizing the
major climatic belts, it has always been necessary to deviate from such an
approach when the arid climates are to be identified. This has always been
so due to the fact that over the Arid areas, hygrometrical considerations
are more important and critical than the thermal ones.

Somewhat similar deviations ar¢ also found in the systems that
use a hygrometrical or a moisture factor for identifying the major climatic
types. The deviation here involves the pelar regions where the
temperature is far more critical than the moisture.

These observations are applicable to the simple as well as to the
complicated systems of climatic classification. Examples of the latter
systems are the ones suggested by Thornthwaite in which most of the
major climatic types are identified on hygrometrical basis either in the
form of a precipitation effectiveness index (1931} or a moisture index
{1948).In both cases cold climates are identified on thermal basis . In the
1931 system the identification is on basis of the thermal efficiency index

while in the 1948 system the identification is on the basis of the potential
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evapotranspiration which is regarded as being equivalent to the thermal
efficiency index.

Beside this, there has always been a need to subdivide the major
climatic regions in order to recognize the innumerable climatic variations
within the major regions. This task led to the use of an extremely large
number of variables such as :-Precipitation regimes, (Koppen) location
relative to the sea {Miller&Strahler),duration of the cold or the warm
season  (Miller),presence of a moisture deficit or surplus
(Thornthwaite),summer concentration of thermal efficiency or potential
evaportranspiration ( Thornthwaite),local plants, animals, unique weather
phenomenon (Koppen), seascnal domination of air masses (Strahler),
possible interaction between air masses (Strahler),....etc. This led to the
creation of a large number of climatic subtypes, which in turn added to
the complexity of the problem.

The validity of these various approaches should be measured in
terms of the success of the individual systems to meet the aims of
climatic classifications. Of the various aims of a climatic classification
one may mention :-

1. The simplification or generalization of climatic data.

2. The provision of a concise description of climate in terms of

the Truly Active Factors.

3. The provision of a means by which climatic regions can be

identified accurately,

4. The applicability on a world scale as well as on a local or even

a micro-scale.
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5. It should throw light on the causes of the observed climatic

variations.

As far as the systems under consideration are concerned one may
assume that they all agree on the first point concerning the simplification
and the generalization of the climatolopical data. This should have been
the main aim of all the contributors to this field of knowledge. They are
also similar in their attempts to provide a concise description of the
climates in term of truly active factors . However, they differ considerably
in their evaltation of the so-called truly active factor or factors .
Thomthwaite for exemple believed that the moisture 18 the wrely active
factor and so used it as a basis for identifying most of his major climatic
types except for his three cold zenes for which he thought thai the
temperature 1s the really active or critical factor. Koppen . on the other
hand, thought that the lemperabures of the coldest and the warmest
months are the fruly active factors and so he used certain critical values
for these two months in order to identity his major climatic belts. For the
Arid climates . however, Koppen thought that the precipitation
effectiveness is the truly active factor and so he employed it for
recognizing this particutar type of climare,

Miller followed Koppen's steps in regarding the temperalure as the
truly active faclor but his evalvation of the role of the temperature factor
differs from that of Koppen .For him the temperature of the coldest meonth
is the really active factor in the hot region while in other regions the
presence , absence and duration of the cold and warm seasons could be

the ali tmportant.

_34-



Strahler's approach is distinctly different . For him the type or
nature of the dominating air mass is the most important and so the air
mass over a certain area should be regarded as the truly active factor as
far as the weather and climate are concerned.

When we consider the point of the accuracy with which climatic
regions can be identified and their boundaries located, we find noticeable
differences between the systems under consideration. The required
accuracy could be achieved whenever a numerical or a critical value is
given This is provided throughout the K‘oppen's and Thornthwaite's
systems of classification. In the case of the Miller's system this condition
applies only (o the major climatic belts whose boundaries could be
located according to the critical or the numerical values provtded. The
difficulty with Miller's system arises when one attempts to subdivide the
main climatic types .Here the division should be very arbitrarv since no
one can determine precisely the boundary between the suggested
continental and marine climates. Miller also failed to provide a means by
which the boundaries of the Western margin and the Eastern margin
climates could be located accurately.

Strahler's system fails completely to provide an accurate means for
locating the climatic boundaries This limitation applies to the major
climatic types as well as to the subtypes. This is due to the fact that the
entire system is based on air masses whose arcal extents can hardly be
shown with sharp lines.

However, despite the fact that Koppen, Thornthwaite and to some
extent Miller had provided us with numerical or critical values for the

various boundaries that allow us to determine the climatic type of any
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station according to the respective system, yet one has all the right to
doubt the accuracy or the general applicability of these critical values
themselves. In fact selection of such numerical values is governed, by
many factors such as the selection of vanables, and the availability of
data.

An example of this is the case of Thomthwaite's potential
evapotranspiration. Several workers in this field (e.g.Chang 1959) believe
that the potential evapotranspiration is determined by many factors such
as solar radiation, air temperature, hufnidity and wind speed.
Thornthwaite, however, expresses the potential evapotranspiration as a
function of the mean monthly air temperature. If some or all of the
remaining factors were taken into consideration a very different formula
might have been obtained.

The same criticism applies to the Koppen's system. For example in
his precipitation effectiveness formula, he combines the precipitation and
the temperature in the form of: -

8/ (5t -+ 120)
in which he is ignoring all the other climatic factors and providing 3
constanls which could be replaced by any other figures if more variables
were used in the preliminary calculations.

A direct consequence of such differences in the use of variables is
that the areal cxtent of any climatic type tends to vary with the various
systems. The arid climates provide a good example ip this connection.
Arid climates of Koppen, Thornthwaite and the others are hardly

identical.
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As far as the causity of ¢limate is concerned, Strahler's system
stands ahead of all the others since it is the only one that can be regarded
as genetic classification. In addition to this » Strahler's system is also
much simpler and easier te absorb than the others, It is followed in this
latter property by Miller, Koppen and then Thornthwaite respectively.
Also all of the systems under consideration can be used to provide a
generalized map of the world's climates but in the regional and micro

scales they have different limitations.

In conclusion it may be stated that it is really difficult to find a
climatic classification that may be regarded as a satisfactory or as an-all
purposes ciassification. Each classification has its own merits, limitations
and weaknesses, and so when they are to be applied one must take into
full consideration their various limitations This latter point led some of
the recent and contemporary climatologists to suggest some changes or
modifications to the existing systems in order to suite certain purposes or
certain areas (Gentilli 1958). Some other climatologists are now working
towards a more satisfactory classification that must take into
consideration all the weak points and the limitations of the classical
systems of classification. Until such systems come to existence,
climatologists have no choice except to use the available systems but they

should be quite aware of their various limitations.

-37-



References

L. Brooks, C.E.P.C(1948) Classification of climate Meteorological
Magazine Vol.77

2. Carler. D.B.(1967) Farewell to the Koppen classification
of climates. Annals of the Association of American Geographers. Vol

-

al

Pothane Lo i 11939Y dn evaluation of the 1918 Thornthwaite
castieanen Annals of the Association of American Geographers Vol.

o entnl FE9S8Y 4 Geography of climare.

Hare, » K (1951} Climatic classification. In Stamp & Wooldridge
{editors: London essays  on geography.

6 Jones SB(1950) What does geography need from  climatology? The
Protessional Geographer, N.S. 2(4) 43,

TooRoppen, WO (1900)  Reported by ¢ ward, ED. (1906) the
classipication of climates. Bulletin of the American Geographica! Society.

Vol 38

8. Koppen. W. (1918) climatology, Summarised by - Haurwitz &
Austin (1944) . MeGrawhill book company,

S Miller 4 (1961} Climatology. Methuen & Co. Itd.  London.
10 Stranler, AN, (1960} Physical Geography. john Wiley  and Sons.

1. Thornthwaite, C.W. (1931)  The climates of America according to u
new claysification, Geographical Review, Vol 21.

-38-




12. Thornthwaite, C.W. (1933) The climates of the Earth, Geographical
Review. Vol. 23.

13. Thomthwaite, C.W. (1943) Froblems in the classification of
climates, Geographical Review , vol.33.

14. Thornthwaite, C.W. (1948) Arn approach towards a rational
classification of climates. Geographical Review. Vol. 38.

15, Thomnthwaite, C.W. (1961) The rask ahead, Annals of the
Association of American Geographers Vol. 51

16. Trewartha, G.T. (1968) An introduction ,fb climate McGrawhill book
company.

17. Wilcok, A.A. (1968) Koppen afier fifty years, Arnals
of the Association of American Geographers Vol. 58.

-30-



