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CLIMATE, .
URBANIZATION
AND MAN
. li'll
I

Expert application of climate
knowledge in town planning and
building design could alleviate
many of urbanization's adverse
effects.
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INTRODUCTION

Nature's countryside, where favoured
by an equable climate and blessed with clean
air and ample pure water, is indeed a wondrous and most precious resource for mankind. In contrast, many of man's cities are
dreary, even ugly in parts, and impose on
their suffering inhabitants air poisoned by
pollution and other unpleasant or injurious
effects.

Scenic view. Brome Country. Quebec (Phototheque 74-4452 Kb)

Already one third of the world's people
live in towns or cities and by the end of the
century probably two thirds will do so. Inexorably, therefore, mankind's bricks, concrete and asphalt are continuing to expand at
the expense of nature's green spaces and forests.

The disagreeable effects of rampant
urbanization are often at their worst in the
hot climates of some developing countries,
which unfortunately is just where sprawling
cities are growing most swiftly, often in a
haphazard way and without proper regard
for crucial climatological considerations.
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A building has to: shield the interior from wind, weather and undue heat or cold; provide a
comfortable indoor climate for the occupants; be sufficiently durable to withstand the forces of
nature without being ripped apart by fierce winds, damaged by excessive snow loading or
otherwise rendered unfit by the ravages of the climate. So dominant is the relevance of the
climate that a building cannot meet the requirements successfully unless specialised building
climatology is properly applied in its siting, design, choice of materials and construction.
Complex interactions between the atmosphere and the terrain over which it passes
influence the climate. Consequently, when the terrain surface is changed, so also is the climate.
Even an isolated house alters somewhat the climate in its immediate vicinity whilst a large city,
which may obliterate many hundreds of square kilometres of countryside with its conglomeration ofbuildings and streets, exerts a pronounced influence on the climate both within itself
and beyond. Wind, temperature and air quality are all significantly affected but there may also
be consequences for other elements, e.g. humidity, precipitation and thunderstorm liability.
Urban climates are mostly inferior to their rural counterparts except insofar as the less cold
winters ofhigh-latitude cities may be considered an improvement. However, much can be done
to minimize the adverse effects of urbanization provided that specialized climatological expertise is introduced and intelligently used in the urban planning process. It may be argued that
little can be done to improve the environment of existing cities except when major redevelopment is undertaken. Nevertheless, many cities are still expanding, with alarming speed in
some developing countries, and this fact provides a golden opportunity to inject some climatological sense into further urban growth.

Aerial view of downtown Ottawa with Parliament Buildings and Ottawa River in foreground (Phototheque ONF 78-199 K)
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BROAD-SCALE URBAN PLANNING
Climate knowledge in suitable form to aid the successful design of buildings already exists
and in many countries is routinely applied to the advantage of building durability and indoor
climate, although much more could be done. A climate input to the planning of cities is directed
more to alleviating the worst effects of urbanization and ensuring the best possible outdoor city
climate but tapping the considerable potential here has scarcely begun in most countries.
An even broader scale of urbanization, threatening many severe problems, is looming near,
namely the likelihood of cities coalescing into immense continuous built up areas perhaps
occupying 100 000 square kilometres or more and having total populations exceeding 100
million. An unrelieved built-up area of such magnitude is a ghastly prospect especially in hot
climates; it raises many difficult questions ranging far wider than merely how best to scatter
some green spaces amongst the concrete.
Would such vast built up areas modify the climate on a regional scale? If so, how?
What is the best way to distribute the industrial, commercial and residential areas whilst at
the same time preserving valuable arable land? Is a group of self-contained satellite towns better
than the single huge conurbation?
Should all the industry be concentrated in one area to facilitate pollution control? If so,
should the working people, living perhaps in "dormitory" suburbs, be discouraged from commuting by car through the availability of super-efficient, clean (e.g. electric) public transport?
How can adverse effects on human health best be alleviated? ....... ?....... ?
The questions are endless but, as yet, the answers few! But one thing is sure: if wise,
effective solutions are to be found, specialized climatologists will have to play their part in close
collaboration with the various professional planners involved.
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URBAN HEAT ISLANDS
The expression "urban heat island" with its implication of a warm island standing out in a
cool sea, aptly suggests the typically greater warmth of cities relative to their rural environment.
The phenomenon has been extensively studied and documented in cities around the world
using data from car traverses, aircraft and, more recently, satellites.
In high latitudes in winter, central heating and other energy usage, including motor cars, no
doubt contribute to warmer outdoor city temperatures if and when they occur. However, for
heat islands in general, especially those of hot regions and seasons, the most significant factors
are the extra absorption and trapping of heat by the mass of structures, coupled with a reduction
in evaporative cooling in the city because there is less vegetation and because rainwater is
conveyed away by drainage.
The urban heat island intensity, namely the excess of the urban over the rural air temperature, is usually at its most pronounced during the evening after hot days, when the rural area
is cooling rapidly but the hot fabric of the city is releasing its stored heat more slowly.
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The temperature excess increases rapidly at the edge ofthe city, then less sharply to a peak
value near the high-density centre.
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common-place whilst 10 ·c is by no means
rare and there is a useful rough relationship
between heat island intensity and population.
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The heat island effect may be of some advantage in high latitude cities in winter by reducing
wind chill, snow and the costs of snow clearance. It may also reduce heating requirements in
buildings. In hot regions and seasons it is almost invariably unfavourable, adding to discomfort
and even contributing to deaths (e.g. amongst the elderly) when it aggravates a general heatwave.
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ARCHITECTURE TO SUIT THE CLIMATE
Everyone knows that some climates are hot, others cold, that some are wet, others arid.
However, they differ in many other radical ways. On a tropical island, for example, the
temperature may be more or less uniform day and night throughout the year, whilst over a
continent it may soar up by day and plunge down at night over a range of perhaps 20 OC or more,
as well as varying greatly from winter to summer.
Furthermore, in some regions each day or season is very like its predecessor whilst in others
tomorrow can be vastly different from today and a particular season this year quite unlike that
oflast year; or, in the climatologist's jargon, the inter-diurnal and inter-annual variability can
be low or high. Then again, some places are regularly hit by disastrous winds or floods whilst
others rarely if ever suffer such hazards.
One would expect this great diversity of climates to necessitate some corresponding diversity in the styles adopted for the design of buildings and for the planning of cities in different
parts ofthe world ; certainly a building which is functionally ideal for the climate of Stockholm,
say, is unlikely to be right for Singapore, or of Minneapolis for Mombasa.
Primitive man evolved styles of shelter from the elements which suited the climate
admirably and have survived amongst simple folk for thousands of years.

An Arctic example is the Eskimo's igloo which,
with it sheltered entrance and thick walls shaped for
minimal outside surface area, conserves heat well
(even though the air quality inside may decline!).

A contrasting example from the humid tropics is
the largely open-sided hut easily made from materials
ready to hand. The roof gives shade and keeps off
monsoon rains whilst the open sides allow unobstructed natural ventilation.
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The latter's more modern equivalent is the tropical bungalow surrounded by a wide verandah to
confer shade and having a fairly open plan to allow
generous through- or cross-ventilation which is so
much more effective than single windows opening
onto otherwise closed rooms. Another useful arrangement in hot dry climates is to have some openings
(doors, windows) facing an internal courtyard well
shaded by vines or similar vegetation.

In alpine regions the typical chalet built of stout
timber, with good insulation, storm windows and
roofs having pronounced overhang to cope with
snow, is well-suited to the climate.

Often ignored, unfortunately, is the option of
choosing the geometry and orientation of a building
for example so as to regulate the solar heating to the
requirements.
In this regard an intriguing entomological
example is that of the Australian compass-termite
which builds large nests having a long N-S axis and
wide sides facing E and W. This provides the termite's
preferred daytime heating pattern, whilst the heavy
construction allows the storage of heat against the
cooler nights.

W

Has mankind learnt from the termite and the
accumulated experience of many centuries? Possibly,
but there is not much sign of it as similar building
styles ignoring climate proliferate across the world.
The most outrageous blunder is probably the
worldwide adoption of the stark modern high-rise
block with facades mostly of glass. Were it not for the
absurdly extravagant control of the indoor climate by
heating and air conditioning such buildings would, in
most climates, inflict quite insufferable conditions on
their occupants.
Architects, engineers and planners must get
together with specialised urban climatologists to
evolve better designs for the large commercial or
apartment block, optimally suited to the variety of
climates which prevail around the world.
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USING NATURE TO IMPROVE THE URBAN
ENVIRONMENT

The climates of a city and its rural environment differ because the thermal and other
properties of the city's concrete and asphalt are not the same as those of a natural landscape.
Generally, the differences lead to worse conditions in the city, especially in hot climates.
During strong sunshine the masonry and paving of the city soak up more heat than nature's
greenery. The city slowly releases the absorbed heat much later (often at night), to the discomfort of the population, whilst the greenery gets rid of much of its heat in the course of daytime
evaporation from leaves and other humid and water surfaces (transpiration). At night the
screening of the horizon, caused by buildings, reduces radiative cooling of the city air.

Cool
Oasis

Green spaces and trees distributed skilfully amongst the city concrete can be highly beneficial as well as aesthetically pleasing. They are significantly cooler than wholly built-up areas
and can be a source of refreshing breezes for the ventilation of nearby city streets. Ground cover
vegetation may be used in lieu of grass to avoid the maintenance costs of mowing.
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Trees in particular have especially valuable
properties. They provide welcome shade; they
actually cool the air through the process of transpiration; they are highly effective in filtering out some
kinds of air pollution and in the form of suitably
placed screens can cut noise pollution, for example
from urban motorways.

Trees located judiciously around a house can
provide desirable shade in hot summers. In some
climates this simple measure can save a third or more
of the energy required for air conditioning. If the
winters are cold the choice of deciduous trees would
preserve the advantage of some solar heating at those
times. On the other hand to screen a house from cold
winter winds if these were a feature of the climate,
evergreen trees would obviously be the choice.

Water expanses can also be a great advantage,
bestowing real cli1patic as well as psychological benefits. The city disposed around a fine river or natural
lake is indeed fortunate but otherwise the creation of
e.g. artificial lakes and fountains can have high
amenity value.
In all these matters the expert urban climatologist can contribute substantially to the achievement
of an optimum city environment.
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AIR POLLUTION

Even nature pollutes the atmosphere: thus volcanoes erupt; the wind whips up sea spray leaving salt
in the air as the water evaporates ; and forest fires
generate smoke and ash.
Surprisingly perhaps, agricultural operations
also throw up much solid matter. In certain parts of
the world there is a danger that extensive farming
may increase the production of dust.

Air pollution '' Presse- und lnformationsamt der Bundesregierung ,
Bonn··

But it is in his cities and industrial complexes that mankind offends most by discharging
into the atmosphere over 20 million tons per year of solid matter worldwide, laced with various
gases including carbon monoxide and dioxide also oxides of suphur and nitrogen. This contamination, mostly arising from the burning of oil, coal and gas, causes great damage, estimated
for example to cost more than several billion (1 09) of$ per year over USA alone, and in heavily
polluted city areas has serious harmful effects on health.
On the whole the atmosphere does a good job in reducing the concentration of pollutants
through dilution by turbulent winds and cleansing by rain. However, there are limits to the
scavenging power of atmospheric processes as evidenced by the pall which hangs over many
cities much of the time, making evident the self-inflicted plague of pollution.
Pollution is often worse in light winds, with the highest concentrations occurring when cold
(heavy) air stagnates beneath warm (lighter) air and hugs the ground, trapping pollution. Such
conditions have many causes and are found in every climate.
Special pollution problems are: the noxious photochemical " smog" of large sunny cities
resulting from the action of sunlight on motor car exhaust gases ; emission of sulphurous and
nitrogenous pollutants from cities increases the acidity of rain.
Although for some years considerable efforts have been applied to the alleviation of air
pollution, man still relies heavily on wind and rain to clean up the mess. Consequently
meteorology is crucially involved and must be brought to bear on combative measures.
The implementation of meteorologically appropriate projects may frequently be essential
for improving the air pollution problems. Choice of sites with local climate in mind, avoiding
inversion and poor ventilation areas, design of chimney stacks are examples supporting the
advice.
9

PRECIPITATION, HYDROLOGY AND URBANIZATION
Water in various forms is deeply involved in the life of a city. Great quantities must be
stored and piped around for industrial and domestic use. Rain must be drained away in a
controlled manner, avoiding floods. Snow must be cleared and ice rendered harmless for the
benefit of transport.

Individual buildings must keep out the rain,
which is mainly a matter of good technical design
taking account of the climate. Most significant in
some areas is the frequency and intensity of driving
rain, i.e. rain accompanied by strong wind which
greatly increases the drenching of vertical surfaces
and forces rain through every crack. Urban areas may
cause considerable intensification of rain, hail, thunderstorm.

In high latitudes roofs must be built to bear the
snow loads liable to occur once every so many years,
the period representing the degree of calculated risk
decided as acceptable. Apart from the strength and
shape of the roof, other problems arise, for example
from the melting and re-freezing of roof snow which
can dam further melt water and lead to seepage into
the building.
The design of masts and other high structure to
withstand heavy ice loads is another mid- and highlatitude problem which like the others needs good
climatology for its solution.
On a larger scale, a city profoundly modifies the
hydrology of the area through the extensive replacement of vegetation by mostly impermeable surfaces.
Vegetation and soil have a sponge-like capacity for
soaking up water and unless the ground is already
saturated there is usually some time lag between the
onset of rain and run-off becoming appreciable. In
contrast, the peak run-offfrom a city is reached more
rapidly and is higher than if the city were not there.
Accordingly, many cities create flooding problems
either within their own boundaries or near the
streams/rivers which receive their drainage.

Flood crest
height

Ti me~

10

Mistakes in planning urban drainage systems can
be very costly and possibly lead to catastrophe ; it pays
to respect the climatology of the locality.

WIND IN URBAN AREAS
Within the streets and around buildings of a city the wind is usually exceedingly variable
from place to place, with some spots sheltered and others extra windy; it is also erratic in time
and, when the general wind is strong, liable to be gusty.
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These characteristics arise because the city presents a more irregular and rougher surface to
the atmosphere above than does a typical rural landscape and therefore exerts a greater drag on
the wind. A consequence is that the average wind speed through a layer some hundreds of
metres deep above a city tends to be less strong, although more turbulent, than over the
countryside outside the city.
Unless carefully designed and located relative to other buildings, tall blocks in windy cities
can create such pronounced distortions of the wind flow that in places the wind at ground level
may be increased threefold, causing great inconvenience and sometimes danger to pedestrians.
Shaded areas show where the strongest winds are
likely to occur with the indicated configuration of
buildings.

Other tricky problems arise when the wind flow
around buildings is distorted in such a way as to
aggravate the pollution from nearby smoke stacks or
to cause inconvenient snow drifting.
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Blowing sand or dust is a troublesome and disagreeable feature of some windy, arid areas
e.g. parts of Africa, Asia, etc. The wind-driven dust soon penetrates every nook and cranny
causing considerable distress and discomfort to the people, especially when the condition
continues without respite for days on end.
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Many parts of the world are from time to time
battered by violent winds which can be very destructive. Buildings especially roofs must be designed to
withstand the pressures and suction generated by the
climatic extreme winds of the locality.

The urban heat island in some cases creates its own wind system. This can cause recirculation of air pollutants emited within the urban area.Many urban wind problems can be
solved, or at least aided, by exploiting the considerable expertise and data which exist concerning the climatology of wind. In hot climates the urban wind system may bring the cooler
country air to the city, thus reducing the heat stress associated with heat island.
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HOW SPECIALIZED CLIMATOLOGY CAN HELP
In this brochure we have touched briefly on a few aspects of urban and building climatology
and given illustrative examples of some subject areas in which specialized climatology can
profitably be applied in urban planning and building design. Increasing recognition around the
world of the importance of these matters has stimulated much research and study in the
meteorological services, universities and other institutions of many countries, as evidenced for
example by the 700 or so papers on aspects of urban climatology published during the last 5
years.
Naturally the basic climatological statistics are frequently required for planning and design
purposes. They comprise for a particular place data summaries of temperature, humidity, wind,
precipitation, etc. over various periods, augmented by other statistics and information
revealing the complexity and variability of the elements over different time scales. When such
statistics are not available for the locality of interest, the climatologist has to estimate them by
interpolation or extrapolation from observations made elsewhere in the region or perhaps by
the use of modelling approaches. In particular it is important to take into account the urban
effects on climatological values.
Sometimes the basic statistics may be amplified by applying statistical theories of extremes
to estimate the likely "return period" of some extreme climatological event and thereby enable
statements to be made such as "at place X a wind speed of 25 metres per second (m/s) lasting
. for at least one hour and gusting to 35 m/s is likely to occur only once in 100 years." Climatological risks, expressed quantitatively, may also be combined with economic or other factors
to aid decisions on the advisability or value of plans or courses of action being considered.
Certainly, although the basic climatological statistics have their uses it often pays handsomely to specially process, analyze and present the data in a form which is tailor-made for the
application in hand.
Thus, one form of presentation allows temperatures to be combined with humidity so as to
reveal clearly when in a particular place conditions are likely to be beyond the tolerances for
human comfort and if so what opportunities exist for exploiting the climate so as to extend the
comfortable periods, e.g. by ventilation, evaporative cooling, solar heating.
Wind data can be manipulated in many different ways and presented to suit various
applications. Furthermore, such data may be combined with other, e.g. precipitation, data to
yield, say, the frequency of occurrence of various intensities of driving rain or of drifting
snow.
Heating (or cooling) degree days combine in a single figure the magnitude and duration of
the departures from some chosen base temperature and provide a convenient, though only
approximate, means of representing the average or predicted seasonal heating (or cooling)
requirement. Such values can be graphed in various ways or mapped over a region or
country.
Solar heating of different configurations of buildings may be assessed from climatological
radiation data giving numerically or graphically the radiation likely to be received in various
months/seasons on horizontal or inclined or vertical surfaces facing various directions.
Computer models of various kinds can sometimes be used to aid the solution of urban
planning problems and in some countries opportunities exist to carry out wind tunnel experiments, for example to study the wind flow around a proposed grouping of tall buildings. Urban
climatology may be used to reduce considerably heating/cooling requirements in buildings.
13

The foregoing are a few examples of the "tools of the trade" which are valuable in the
application of climatology to urban planning and building design. However, to make real
progress much more is needed than just the supply of some relevant climatological statistics to
the professionals of urbanization, namely the urban planners, the architects, builders, engineers
and others.
For example, a proposed major urban development will interact with the climate and
change it, perhaps materially. Considerable experience, skill and judgement on the part of the
climatologist are needed to estimate how the existing climate will be modified by the proposed
urbanization, how much tolerance should be introduced to allow for year-to-year variability
and longer term trends, where from the climatological point of view industry would best be
located, and how local winds may best be exploited for urban ventilation, etc.
For effective action on such matters the climatologists specialising in urban and building
matters must become involved with the other professionals in an active, fully collaborative
working partnership in which each learns something of the others' disciplines and acquires an
appreciation of their problems. Only in this way will urban and building climatology be able to
realise their full potential contribution to the optimization of our cities and buildings to suit
their climates and to the health and well-being of city dwellers.
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HOW TO FIND OUT MORE
The extent to which urban and building climatology has developed varies greatly from
country to country. Some national meteorological services already have departments or divisions devoted exclusively to the subject and organised for the provision of advisory or con- .
sultancy services to planners, architects and engineers. In other countrties the subject may be
handled by some other government department (e.g. Environment) in association with the
meteorological service or may be studied in universities.
However, in the first instance those seeking information or advice on urban and building
climatology should contact their national meteorological service. As a minimum the national
service will be able to provide basic climatological data and in most cases much more.
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WORLD METEOROLOGICAL ORGANIZATION (WMO)
ACTIVITIES
WMO, a specialized agency of the UN, has for many years been actively promoting the
development of urban and building climatology through the work of its appropriate Technical
Commission, currently the Commission for Climatology. A number of international meetings
and symposia on the subject has been held over the years and WMO has issued a number of
relevant publications, including the following:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Technical Note No. 108- Urban Climates, Proceedings ofthe WHO/WMO Symposium
on Urban Climates and Building Climatology, Brussels 1968, Vol. I.
Technical Note No. 109...,... Building Climatology, Proceedings of the WHO/WMO Symposium on Urban Climates and Building Climatology, Brussels 1968, Vol. II.
WMO No. 276 - Selected Bibliography on Urban Climate, by T. J. Chandler, 1970.
Technical Note No. 134 - Review of Urban Climatology, 1968-1973, by T. R. Oke,
1974.
WMO No. 444 - Proceedings of the WMO Symposium on Meteorology as Related to
Urban and Regional Land-use Planning, Asheville, N. C., U.S.A., November 1975.
WMO No. 448 - Weather, Climate and Human Settlements, by H. E. Landsberg,
1976.
Technical Note No. 149 - Urban Climatology and its Relevance to Urban Design, by
T. J. Chandler, 1976.
Technical Note No. 150 - Application of Building Climatology to the Problems of
Housing and Building for Human Settlements, by J. K. Page, 1976.
Technical Note No. 169 - Review of Urban Climatology, 1973-1976, by T. R. Oke,
1979.
Energy and Special Applications Programme, Report No. 2 ( 1981 ), Papers presented at the
WMO Technical Conference on Meteorology and Energy, Mexico City, November
1981.
WCP-30. Climate/Energy Graphics, Climate Data Applications in Architecture byVivian
Loftness, 1982..
WCP-37. Report of the Meeting ofExperts on Urban and Building Climatology, Geneva,
December 1982.
WCP-45. Bibliography of Urban Climate, 1977-1980, by T. R. Oke, 1983.
For further information about relevant WMO activities or publications please write to:
the Secretary-General
World Meteorological Organization
Case Postale No. 5
CH-1211 Geneve 20, Switzerland
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