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Sustainable urban development: design guidelines for
warm humid cities

Silvia de Schiller and John Martin Evans

Research Centre Habitat and Energy, Faculty of Architecture, Design and Urbanism, University of
Buenos Aires, Argentina

Variations in climate affect living conditions, the quality of urban areas and comfort in indoor and
outdoor spaces. These in turn, are related to energy demand in buildings, the role and use of vegetation as
well as requirements for urban infrastructure. However, urban design often ignores local requirements as a
result of global trends and international influences. This paper presents a case study of urban design
guidelines for warm humid climates, based on the analysis of climatic variables and comfort requirements.
Warm humid climates require new urban design approaches in the present situation of rapid economic
and social development in the context of increasing globalization. The potential and intensity of outdoor
space use can be increased through appropriate urban design, while unsuitable solutions have a long term
negative impact. The design guidelines presented stress the link between problem definition, objectives
and proposed design solutions to make the reasons for design recommendations explicit.

Preface

These design guidelines for urban areas in warm
humid climates incorporate material originally
presented at the Haikou International Symposium
on Tropical Coastal Urban Design, April 1993.
This was based on material from the prize-
winning entry to the International Urban Design
Competition for the Central Area of Haikou,
Hainan, China, January 1993.

The guidelines were further developed as a
result of discussions within the framework of
TRUCE, the Tropical Urban Climate Experiment,
at meetings organized by the World Meteorolo-
gical Organization in Dhaka, Bangladesh, March
1993, and in their headquarters in Geneva,
October 1996. An initial draft was circulated to
members of the working group established
during the Dhaka meeting with the aim of
producing improvements to the general approach
as well as providing detailed local focus for
specific urban areas in this climatic region.

The guidelines were recently revised during the
Technical Assistance Mission undertaken in

Costa Rica, in the framework of the Programme
for Horizontal Co-operation supported by the
Ministry of Foreign Affairs, Argentina.

The guidelines emphasize the use of outdoor
space as an economic, social and cultural re-
source (Fig. 1), with significant potential com-
pared with outdoor space use in colder climates.

The need for building and urban design guide-
lines became apparent through the advice and
courses run for professionals and government
offices with the aim to achieve a better under-
standing of climate-sensitive design and its
application in urban development plans and
architectural projects. Examples of the advisory
studies for other climates include the develop-
ment of Urban Design Standards for Patagonia,
Argentina, prepared for the Secretary of State for
Housing, and the Design Manual for ENTECAP
(Organisation for the Relocation of the New
Capital of Argentina) (de Schiller and Evans,
1988; Evans and de Schiller, 1989a). These and
other projects (Evans and de Schiller, 1990/91)
helped the authors to develop the approach and
methods presented in this paper and which have
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Fig. 1. Outdoor space in warm humid climates.

also been used in graduate and postgraduate
courses for architects and planners (Evans and de
Schiller, 1991/92) as well as research projects
carried out in the Research Centre Habitat and
Energy, University of Buenos Aires.

When consulting these guidelines, users should
remember that specific local climatic factors need
to be taken into account, such as prevailing wind
directions, variations in cloud cover and solar
radiation intensities. The topography, existing
urban form and local building traditions will
also influence the resulting sustainable develop-
ment. Planners and architects will need to
supplement these general recommendations with
local knowledge and experience to ensure re-
sponsive solutions to local needs and traditions.

However, local traditions or conventional regio-
na! solutions may not necessarily be the most
appropriate or most sustainable solutions. For
this reason, the guidelines have been structured
to relate design recommendations to objectives.
This link should be followed when adapting the
guidelines or adding new content.

Sustainability related to urban design may be
considered as an elusive and multifaceted con-
cept which has enormous potential to guide the
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planning process and practice in a framework of
complex conflicting interests. These guidelines do
not intend to cover all aspects of sustainable
urban development. However, the authors hope
that they will provide some guidance on the
relationship between urban form and human
well-being, especially thermal comfort, energy
efficiency in the built environment and 'usable'
outdoor spaces.

Introduction

These design guidelines are prepared for urban
areas in warm humid climates, found within a
belt that extends to a maximum of 22° south and
north of the Equator. This region includes many
of the large and fast growing cities of the
developing world. A clear understanding of
appropriate urban development forms can help
to achieve sustainable and responsive environ-
ments.

The aim of this paper is to contribute to
'sustainable' development, promote economic
progress and improve the quality of urban life
through appropriate city planning, urban design,
architecture and building.



These guidelines are based on an analysis of the
climate and the requirements for comfort and
well-being. They are vital to ensure economy in
the use of energy while providing healthy and
productive living and working conditions, as
well as attractive and lively urban spaces (Figs
2, 3 and 4).

The methodology is focused on the relationship
between the climatic variables as defined in
meteorological data, the desirable conditions for
human thermal comfort and the modifying effect
of the built environment at the urban, architec-
tural and detailed design scale. The resulting
application of these concepts emphasizes the
relationship climatepersonbuilding.

The planning process should promote 'sustain-

Fig. 2. Vegetation for shade in warm humid climates.

Fig. 3. Urban tissue permeable to air movement.

SUSTAINABLE DEVELOPMENT IN WARM HUMID CITIES

ability' to ensure long-term benefits as well as
advantages in the immediate future, to accom-
pany social and economic development. 'Sustain-
able' urban growth depends on decisions made
at three levels: overall town planning, architec-
tural design and construction details. The appli-
cation of these decisions will affect the visual
image as well as the environmental quality of the
city.

The structure of this paper follows the biocli-
matic design methodology. First, the general
principles and benefits of the approach are
presented. Second, the general characteristics of
warm humid climates are described, together
with typical design conditions. The requirements
for comfort, rational energy use and environmen-
tally sensitive design are then explained.
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Fig. 4. Building form permeable to air movement.

The central sections give design recommenda-
fions in relation to the different design scales,
starting with guidance on the general urban
design and ending with more detailed aspects
of building and construction. A series of recom-
mendations, illustrated with examples are given,
following the objectives previously set out for
each topic.

It is hoped that this form of presentation will
help the practising planner and architect to

incorporate climate-sensitive design and to im-
prove the quality of the urban environment.

Scales of bioclimatic design

At the town planning scale, 'sustainable' develop-
ment influences densities, urban form and infra-
structure to allow flexibility, economy of
resources and a direct response to the needs of
the population (Fig. 5a). The overall urban form

Fig. 5. Sustainable development at (a) the town planning scale; (b) the architectural scale; (c) the construction
scale.
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will affect the needs for transportation and energy
use, the interaction of incompatible land uses and
an appropriate relation to site topography.

At the architecture scale, 'sustainability' is
strongly related to the choice of building form,
grouping and size, the integration of planting
and the character of outdoor spaces (Fig. 5b).
This level of decision will affect the quality of
urban spaces, the level of indoor and outdoor
comfort, and energy use in buildings for heating,
cooling, lighting and other installations.

At the construction scale, 'sustainable' develop-
ment requires the appropriate choice of materials,
simple and efficient building installations which
favour natural conditioning wherever possible,
and a high quality of building management and
maintenance of indoor and outdoor spaces (Fig.
5c).

It is important to emphasize that wrong decisions
at the town planning and architecture scale
cannot be 'corrected' at the construction scale
(Fig. 6). The effects of an energy-wasteful town
plan or an uncomfortable west-facing building
will not be overcome by adding insulation or
more efficient air conditioning plants.

The resulting impacts are also related to the time
scale. Town planning decisions will affect 'sus-
tainability' over centuries and building groups
have a useful life that extends over many
decades. However, some decisions at the con-
struction scale, for example concerning equip-
ment and maintenance, may be corrected over
shorter periods.

Principles

The object of these guidelines is to contribute to
the creation of attractive and efficient cities for the
rapidly developing urban areas in warm humid
regions close to the Equator. The application of
environmental and energy conscious urban design
criteria is intended to promote low energy
building, comfortable urban spaces, improved
working conditions and reduced pollution. This
can be achieved by using favourable aspects of
the natural environment and providing specific
protection from harmful climatic variables.

Analysis of the available climatic data indicates

SUSTAINABLE DEVELOPMENT IN WARM HUMID CITIES

(a)

Fig. 6. Use of shade elements at the urban scale in
(a) pedestrian spaces; (b) vehicular spaces.

the variation of the natural environment, while
study of the requirements for thermal comfort
defines the desirable conditions for the popula-
tion (Fig. 7). When the existing climatic environ-
ment coincides with these desirable conditions,
comfort can be achieved with little effort. As the
difference widens, bioclimatic design resources
can be used to modify the external conditions,
through appropriate urban form, architectural
design and building construction.

Benefits

The benefit of climatic design can be illustrated
through some typical examples. As temperatures
rise above about 27°C, productivity drops in office
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Fig. 7. Use of the Psychrometric chart to compare climatic conditions with desirable conditions for thermal comfort.

and factory activities and rest becomes more
difficult. If air conditioning is used in dense urban
areas, the outdoor air is heated while the interiors
of buildings are cooled. As the outdoor air
temperature rises, more air conditioning is re-
quired. However, if natural conditioning is used,
comfort can be improved without heating the city.

A moderate air movement of about 0.7 ms'
produces a drop in thermal sensation of 1.6°K at
29°C with high humidity and sedentary activity.
Even if fans are used, the cooling is effective
with very low energy use and easy control
(Evans, 1980). On the other hand, air condition-
ing systems are often designed with duct air
temperatures lower than 22°C in order to achieve
25°C when mixed with air in the room. This can
produce uncomfortably cold draughts for those
dressed for comfort in these climatic conditions.
The low temperature air in air conditioning
systems is also much drier than the natural
conditions; increasing discomfort for those accus-
tomed to higher and stable humidities.

Air conditioning and private transport also create
noise and pollution. As pollution and noise
increase, more air conditioning is required to
make indoor spaces habitable with closed win-
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dows. If air conditioning demand is reduced and
polluting traffic controlled, energy is saved,
pollution is reduced and comfort is improved.

Electrical energy used for artificial lighting
produces heat in the interiors of buildings which
contributes to discomfort. If air conditioning is
used, about three units of electrical energy are
needed to extract one unit of heat energy.
Finally, three units of primary energy, such as
coal or petrol, are used to produce one unit of
electrical energy in conventional power stations,
while about 10% of the electrical energy is lost in
power transmission lines and transformers. In all,
ten units of primary energy are used to remove
one unit of heat energy, which means that any
savings are multiplied ten times (Fig. 8). How-
ever, if natural daylight is used, less heat is
produced inside the building. Even when more
efficient modern combined cycle generators are
used, the potential savings gained by using
natural light are very significant.

'Sustainability' does not only lead to lower
energy use, it also means lower costs, improved
thermal comfort and better air quality. Sustain-
able design will also provide attractive spaces for
people and urban activities.
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Fig. 8. Environmental impact of energy use in air-
conditioned buildings.

Warm humid climates

Warm humid climates are found in the equatorial
belt, between latitude 200 north and south. These
climates are characterized by high average tem-
peratures, low daily temperature variations, high
absolute humidities, small annual temperature
swings, high annual precipitation and relatively
high cloud cover. All these characteristics are in
strong contrast to the hot dry desert climates
found in slightly higher latitudes. The cloud cover
and high humidity moderate the intensity of solar
radiation and also reduce outgoing radiation at
night. As a result, the temperature swing between
day and night is often below 10°C.

Additionally, due to the small change in the sun's
altitude at midday, there is little temperature
variation between different seasons of the year.
The most marked difference between months is
likely to be the rainfall, with possible short dry
seasons, or months with more intense rainfall.

Winds are likely to be light as the region is
within the 'Doldrums', the Inter-Tropical Con-
vergence Zone, where the warm humid air which
moves in from the north and south ascends,
producing the characteristic cloud cover and
precipitation. Line squalls and thunderstorms
are frequent, though the destructive typhoons
and hurricanes tend to strike in higher latitudes.

The recommendations in this paper refer to these
climatic conditions, though they may also apply, at
least partially, to climates with warm humid
seasons. As the latitude increases, the classical
warm humid climate is modified with the intro-
duction of a drier season with lower rainfall,
diminished humidities, stronger solar radiation
and larger daily temperature swings. West Africa
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provides a typical example where the warm humid
climate on the coast gradually changes to a drier
desert climate towards the north. In other regions of
the world such as Southern China, this modification
takes the form of a transition to a cooler climate.

This leads to the division of warm humid climates
in to two main sub-regions: the first has a high
humidity throughout the year with a monthly
minimum rainfall of at least 60 mm, while the
second has a short dry season. These include the
intermediate and monsoon climates, which com-
bine hot dry and warm humid seasons, with a
possible cool season, as in parts of the Indian
subcontinent. There are also sub-tropical climates
with warm humid summers and cool winters,
without the hot dry season (Evans, 1980).

In the equatorial uplands found in East Africa and
Ecuador, increased altitude reduces the average
temperatures and humidities, improving thermal
comfort, though low seasonal variations are still a
characteristic of these equatorial climates.

Finally, there are the island climates, found in
regions such as the north Caribbean and sectors
of the Pacific, further from the Equator. These
islands have low temperature variations, high
humidities and considerable rainfall due to the
influence of the mass of water that surrounds
them. Although they may be classified as tropical
or sub-tropical climates, with larger temperature
swings, lower rainfall and less cloud cover, thay
share many of the characteristics of the warm
humid equatorial climates, requiring similar
urban design responses.

Many of the larger cities of the warm humid
regions are found on equatorial coasts, which
include:

Central America, the north of South Amer-
ica, including Ecuador, Brazil, Colombia and
Venezuela;
West Africa, the eastern and western coast of
Central Africa;
south of the Indian Subcontinent, including
Sri Lanka;
southern sectors of Far East Asia, including
the Philippines and Malaysia;
equatorial Pacific islands.

Many large cities are found in these regions -
Lagos, Nigeria; Singapore City, Singapore; Bang-
kok, Thailand; Bandung, Indonesia; Hong Kong
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City and Haikou, China; Bombay and Madras,
India; Dhaka, Bangladesh; Okinawa, Japan; La
Havana, Cuba; Maracaibo and Caracas, Venezue-
la; Salvador and Manaus, Brazil.

Design conditions

Unlike climates found further from the Equator,
design conditions for many warm humid climates
can be characterized by a single typical 'design
day' as both season and daily variations are small.

The day begins with minimum temperatures of
about 23°C and very high relative humidities
which frequently reach 100%. Low cloud and
mists predominate in the early mornings and the
sky may remain overcast until about midday. For
this reason, low angle morning sun is not
normally a problem. However, in climates with
a short dry season, protection from the low level
morning sun from the east may be needed. In the
mornings, the average wind speeds are very low,
though the cooling effect of breeze may not be so
essential with the lower morning temperatures.

In the afternoon, the temperature reaches a peak
of around 31°C and the relative humidity drops
to about 70%. The sky begins to clear, though
direct sunlight may not be as intense as that
found in dryer climates. At this time of day, the
sun is very high in the sky. Shade trees are
needed for solar protection in outdoor spaces,
while extensive roof overhangs and horizontal
shading protect building interiors.

The average wind speed also increases, so that
the natural breeze provides a partial compensa-
tion for the rise of air temperature. Rising warm
air currents in the afternoon may cause regular
convective rainfall in the rainforest region.

In the evening, temperatures drop slightly, bring-
ing some relief from the uncomfortable condi-
tions of the afternoon. However, the average
wind speed also drops so that warm indoor
spaces may feel rather oppressive.

The critical natural light conditions are those of a
bright overcast sky, which may cause glare
problems (Evans and de Schiller, 1989b). The
humid conditions with high rainfall are ideal for
plant growth and ground cover, so reflected
sunlight from the ground is not usually a problem.
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Although conditions are very constant, heavy
rains accompanied by strong winds may occur at
any time. Buildings that are designed to catch
light breezes must also be 'closable' to exclude
wind-blown rain.

The open veranda or balcony is a traditional
design solution that improves comfort conditions
of this semi-outdoor space in the evenings. The
same element provides rain protection, shade
from direct sunlight and control of sky glare.
Equally effective design solutions are needed at
the urban scale to improve comfort.

Design in hot humid climates
Hot humid climates present a special challenge
for the architect and urban planner. Urban design
objectives for improving thermal comfort can be
stated simply, but the development of appropriate
urban forms which incorporate these objectives, is
more difficult to achieve.

The warm humid conditions that prevail for
most of the year are uncomfortable due to
temperatures above the comfort limit for light
activities in the office, factory and school. High
relative humidities reduce the cooling effect of
the evaporation of transpiration, and moist skin
adds to discomfort.

Air movement is the principal bioclimatic design
strategy to improve comfort in outdoor spaces
and within naturally conditioned buildings.
These buildings are made comfortable through
appropriate design, avoiding additional expen-
sive air conditioning. This requires adequate
space between buildings to allow the local breeze
to penetrate at pedestrian level and to create
positive wind pressure on the façade of buildings
with cross ventilation.

The need for protection from direct solar radiation
is also critical. Locations close to the Equator will
experience a daily sun movement with a character-
istic eastwest trajectory across the sky, which
passes close to the zenith in the equinox. In the
tropical zone further from the Equator, the mid-
summer sun will pass the zenith, with a lower angle
to the north or south at midday in winter. Due to
the very small annual variations in temperature, the
terms 'summer' and 'winter' may change mean-
ings. For example, the 'rainy season' may be called



'winter' although the sun is higher in the sky, while
the 'drysunny season' may be called 'summer'
independently of the time of year.

Elongated building forms with the principal fa-
çades facing north and south are therefore desir-
able, with blind or fully protected façades facing
east and west. Carefully proportioned balconies or
overhangs on the southern and northern façades
provide shade in summer while allowing sun to
penetrate during cool winter mornings in locations
further from the Equator. The resulting building
form also allows cross ventilation.

These climatic requirements for urban develop-
ment must be considered together with other
regional factors, such as earthquake- and ty-
phoon-resistant design. These require simple
relatively symmetrical forms with wide spacing
between buildings. An open city plan is also
needed to provide outdoor spaces for rubble-free
safety zones and spacious access road networks
in case of emergencies. The resulting urban
development, while responding to the climatic
and seismic requirements, conflicts with the need
to achieve adequate densities in central areas, to
create an interesting spatial urban character and
to avoid monotonous uni-directional layouts.
This represents a special challenge for the
planner and building designer.

General design guidelines

Following this analysis, general requirements are
defined to achieve thermal comfort at the urban
scale in warm humid climates.

Prevailing breezes provide a beneficial cool-
ing effect, especially in the hottest and most
humid months. The trade winds usually
come from the north-east and south-east,
though local conditions may modify this
pattern. Sea breezes may also be an impor-
tant source of air movement especially
during the evening calm, though these may
take some time to reach inland sites.
Solar protection is needed, especially on
roofs and west-facing walls. Protection on
east-facing walls is also important but less
critical due to higher level of cloud cover in
the mornings.
In climates with cooler winter mornings, low
angle sun from the south and south-east in
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the Northern Hemisphere, or north and
north-east in the Southern Hemisphere, is
desirable.
Building design and the location of planting
should provide protection from strong
winds.
Night cooling of air within the urban area is
improved by the provision of spaces open to
the sky.
Evaporation from pools of water in the
urban area helps to reduce maximum tem-
peratures, while providing open spaces that
encourage breeze at pedestrian level. Main-
tenance is important to avoid insects breed-
ing in stagnant water.
Vegetation ground cover reduces the heating
of the land surface during the day.
Tall shade trees provide natural 'umbrellas'
for solar protection in outdoor spaces, such
as paths, streets, parks and gardens. The
shape of these trees should allow breeze at
pedestrian level (Fig. 9).

Bioclimatic building design
resources

Objectives

Building design contributes to a comfortable and
energy efficient environment through the control
of undesirable thermal impacts.

PARKS & GREEN BELTS

Fig. 9. Vegetation as a microclimate modifier within
the urban area.
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Recommendations

Avoid the use of air conditioning where possible,
while achieving comfort through building design,
limit building depth to achieve cross ventilation,
overhangs for solar protection, light colours for
external surfaces and incorporate thermal insula-
tion in roofs (Fig. lOa).

In those cases where air conditioning is used,
reduce energy consumption, pollution emissions
and production of waste heat from buildings
through appropriate design: compact forms with
large volume to surface ratio, sun shading, solar
radiation control for windows, especially those
facing west, efficient equipment, etc. (Fig. lob).

Fig. 10. (a) Urban spaces for air movement; (b)
architectural elements for shade; (c) balconies and
overhangs for shade and visual comfort.
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Use natural lighting to reduce electricity con-
sumption through the provision of adequate
space between buildings, architectural form and
use of light colours for indoor surfaces.

Roof overhangs and horizontal sunshade will
also provide protection from glare due to the
bright overcast sky (Fig. lOc).

Consider the use of solar and non-conventional
energy, especially solar collectors for domestic
hot water, though at the typical ambient tem-
peratures little heating is required.

Use light colours for walls, avoiding uncomfor-
table reflections from light coloured surfaces
exposed to the sun in front of main windows.
Low-pitched roofs can use reflective metallic
finishes to reduce the absorption of direct and
diffuse solar radiation.

Building form, vegetation, location and orienta-
tion relate to sun movement and predominant
breezes at both the urban and building scale (Fig.
il).

Bioclimatic urban design resources

Objectives

Urban development and services also contribute
to a comfortable and energy efficient environment
through the control of undesirable thermal im-
pacts.

Recommendations
Reduce heat production

In areas with a high density of air-condi-
tioned buildings, centralized distribution
systems of chilled water for air conditioning
can be used. In coastal areas, these may
evacuate the heat directly to the sea; such
plants can have higher efficiency and less
thermal impact in the urban area than
individual refrigerating equipment (Fig. 12a).

Low energy alternatives

Encourage the use of bicycles and pedestrian
circulation by providing direct, comfortable
and safe routes with shade trees (Fig. 12b).
Favour low pollution public transport, such
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Fig. 11. Climate design character at (a) the urban
scale; (b) the building scale.

as electric tramways, metros, pre-metro, light
railway or trolley bus.
Discourage the exclusive use of private cars,
while avoiding extensive or complicated
road networks.
Reduce paved parking surface and road
exposed to the sun. Vegetation will protect
vehicles and lower air temperatures.

Urban design for cooling
Safe and comfortable pedestrian circulation
should be provided. Light roofs give sun
and rain protection along main shopping
streets (Fig. 12c).
Main pedestrian routes should be planned to
catch light breezes. Alternative pedestrian

SUSTAINABLE DEVELOPMENT IN WARM HUMID CITIES

Fig. 12. (a) Reduce heat production in the urban area;
(b) promote low energy alternatives; (c) urban design
for cooling.

routes may be provided with wind protec-
tion using walls or low bushes.
Use belts of vegetation and water as a
microclimate modifier to lower air tempera-
ture before and after passing through dense
urban areas.
Use green spaces and open water (lakes or
lagoons) to allow the improvement of air
movement after passing through urban areas
that diminish wind speeds.

Design for natural hazards

Objectives

City planning and building design should pro-
mote safety in emergency situations. Buildings
and urban space should be designed to protect
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the inhabitants from danger, while the design of
circulation and urban spaces should allow easy
access in case of natural disasters.

Recommendations

Building form is the most appropriate
method to resist earthquakes. Anti-seismic
design measures include symmetrical plans
and elevations, controlled building height
and limited block lengths, avoid building
raised off the ground on columns (Fig. 13a
and b).
Open spaces, safe from rubble or falling
building elements, provide refuge in case of

Fig. 13. (a) Appropriate and (b) poor building form for
earthquake resistance; (c) adequate space between
buildings for safety from falling debris.
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earthquakes and possible fires and flooding
which may follow. Emergency access re-
quires simple road networks with alternative
circuits (Fig. 13c).
Well-distributed areas of absorbent soil
reduce the danger of overflowing drainage
system. They will also increase drainage
after flooding. Systems of lakes, rivers and
canals should be capable of receiving rain-
water during intense tropical storms.
Lakes and canals also provide emergency
water distribution systems for fire fighting in
case of earthquakes.
In low-lying coastal and riverside areas,
where flooding may be a serious problem,
higher natural terrain should be used for
urban development. In other cases, artificial
barriers should be incorporated into the town
plan to protect low-lying areas. When surge
floods are accompanied by tropical storms,
safe refuges on higher land may be required.
While open water offers advantages in
emergencies, and acts as a microclimate
moderator, improving air movement and
reducing temperature swings, care must be
taken to avoid creating a breeding ground
for insects or an uncontrolled source of
contaminated water in urban areas.

Urban structure

Objectives

The design of the urban structure should channel
natural breezes, provide shade and encourage cool-
ing. Elements such as parks, planting and circulation
spaces can all successfully contribute to this aim.

Recommendations

Belts of trees and water oriented with the
long axis in an east-west direction reduce
the thermal impact of the urban centre (Fig.
14a and 15).
Tree belts will also moderate the strong
winds and provide shade along the principal
pedestrian and cycle routes.
Areas of lower buildings and open space to
the north and south of the main areas of dense
and high rise development allow recovery of
low level cooling breezes (Fig. 14b).
Adequate distances are needed between
main traffic arteries and buildings with cross



Fig. 14. (a) Shelterbelts of trees related to dense urban areas; (b) areas with low or no obstructions allow
recuperation of breeze; (c) distance for noise atenuation.

Fig. 15. Example of vegetation belts in the urban area.

ventilation to avoid noise problems, dust Urban spaces
and pollution (Fig. 14c). Air-conditioned
buildings can be located closer to traffic Objectives
with less noise impact.
Existing open areas, such as parks and Each space has specific requirements according to
seashore, should be protected as priority activities, seasons of the year and time of day
pedestrian areas for outdoor activities, when they are used.

Recommendations

Urban space Recommendations

Urban squares:

Green spaces

SUSTAINABLE DEVELOPMENT IN WARM HUMID CITIES

Summer day use: trees for shade, absorbent and light-coloured ground
surfaces, open to breezes (Fig. 16a).
Summer evening and night use: open to sky and breeze.
Winter day use: open to morning sun.
Variety of spaces open to breezes with summer shade, winter sun and wind
breaks (Fig. 16b).
Surfaces to absorb rainwater, design to drain excess water into canals.
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Pedestrian shopping Trees, sunshades and canvas screens, colonnades for sun and rain protection
(Fig. 16c). Northsouth is the preferred orientation to catch the breeze and
protect from west afternoon sun while allowing access to midday winter sun.

Pedestrian network Trees for shade, routes open to the breeze with occasional corners with walls
and bushes for wind protection (Fig. 16d).

Bicycle routes Trees for shade and low planting to provide wind protection on the main
urban routes (Fig. 16e). Dense canopy of trees can provide partial protection
from rain. Occasional shelters provide protection during rainstorms.

Vehicular routes Rows of tall trees provide shade along the main routes (Fig. 16f). Avoid low
bushes at road intersections. Lines of trees perpendicular to eastwest routes
provide protection from low angle morning and afternoon sun.

Outdoor space Architectural forms and the design of outdoor
spaces should follow this relationship.

The vital importance of outdoor space in this climate
gives a characteristic design approach quite differ-
ent from that needed in temperate and cold climates.

Warm humid climates create conditions within
buildings that may be less comfortable than
outdoor spaces at certain times of the day. On
summer evenings, indoor spaces may retain the
heat of the day while outdoor spaces exposed to
the sky will start to cool and catch light breezes.
In coastal regions, the onshore evening breezes
may be fairly reliable. At midday in the cooler
months, sunlit outdoor spaces may be more
comfortable than the cool building interiors. The
multiple use of outdoor spaces is an important
factor to improve comfort in the city, with low
cost and no energy use. Intensive use of outdoor
space also has social and economic benefits, in
addition to the clear thermal advantages. It is a
vernacular solution that should be revitalized.

The use of planting, trees and forest belts can
provide improved comfort and a visually unifying
factor within the built-up area of the city. Specimens
should be chosen that provide shade without
interrupting low level breeze. Wider belts of trees,
canals and vegetation will act as climate moderators,
especially around the dense urban centres where the
urban heat island effect is strongest (Fig. 17). In this
climate, plants will grow rapidly. Maintenance is
required to control excessive growth and avoid the
proliferation of insects, rodents and snakes.

Building groups

Objectives
The relationship between buildings and outdoors
will change according to the building scale.
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Recommendations

High rise buildings
Variations in height, staggered forms in plan,
open passages at ground level will all en-
courage the channelling of breezes and help to
direct them to pedestrian level (Fig. 18a). Main
façades should face north and south. Second-
ary, narrower façades with a minimum of
well-protected windows should face east and
west. Trees shade spaces at ground level,
though buildings rise above the tree canopy.
Medium rise buildings
These require varied distances between
buildings and staggered forms, though build-
ing heights are likely to be more uniform to
achieve maximum densities (Fig. 18b). Main
building façades should face north and south,
though open elements such as passages and
stairs may provide links facing east and west.
Trees provide shade for the spaces between
buildings and the façades.
Low rise buildings
Courtyards provide direct contact between
the ground floor and private outdoor space
(Fig. 18c). The main façades should face north
and south. Secondary spaces to the west of
the courtyard may face east. At this scale of
urban development, trees provide shade for
outdoor spaces as well as buildings.

Orientation

Objectives

Buildings and spaces between buildings should
take account of the movement of the sun and



Green spaces:

Pedestrian shopping:

Pedestrian network:

Bicycle routes:

Vehicular routes:

Fig. 16. (a) Urban squares; (b) green spaces; (c)
pedestrian shopping; (d) pedestrian networks; (e)
bicycle routes; (f) vehicular routes.

SUSTAINABLE DEVELOPMENT IN WARM HUMID CITIES

prevailing wind to improve comfort conditions
indoors and outdoors.

Recommendations

Figure 19 shows the variation of the impact of the
sun and wind according to orientation. The
recommendations will allow the benefits of
favourable breezes, while avoiding the undesir-
able impact of solar radiation.

Sun in the cool season in regions further
from the Equator
Orientation towards the Equator will allow a
favourable relation with the winter sun, with
a tolerance of 30° to the east and west (Fig.
19a). Morning sun from the east is also
acceptable to give desirable warming in
climates with a short cool season.
Sun in warm humid conditions
Complete protection must be provided from
afternoon sun in summer. Windows in
façades receiving sun from the west with a
tolerance of 30° must have complete protec-
tion (Fig. 19b).
No sun
In higher latitudes, from 15-22°, façades
facing away from the Equator receive practi-
cally no sun all the year and catch cooling
breezes. Slight façade projections give pro-
tection from ENE (or ESE) and WNW (or
WSW) sun (Fig. 19c).
Breezes
The climatic data on prevailing wind direc-
tions should be studied to detect the
orientation of favourable breezes. It is not
necessary to orientate the façades perpendi-
cular to the breeze to obtain a beneficial
cooling effect. However, if the breeze strikes
the facade at an angle exceeding 45-60°, the
air movement penetration will be reduced.
Storm winds
Climate data or local experience may in-
dicate the direction of the principal storm
winds. Lines of trees perpendicular to these
winds may provide partial protection for the
urban area without interfering with desirable
breezes.

Orientation for sun and wind

Figure 20 shows an orientation analysis for
Haikou, China, latitude 22°N, with a warm humid
climate with a cold season. The shading shows
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Fig. 17. Outdoor space in the urban park.

the wind distribution with NE prevailing winds
and secondary storm winds from the SSE. The
solar trajectory passes close to the zenith in
summer with a lower trajectory to the south in
winter. The shaded area of the sun path diagram
to the west indicates the sector of the sky swept
by the sun when temperatures are high. The outer
edge of the diagram shows the main climatic
factors related to orientation.
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Solar radiation

The control of solar radiation is a key factor for
climate-conscious design. This control is achieved
through the choice of ground cover, surface
colours, building form and orientation.

Reflective ground surfaces increase the impact of
reflected radiation and glare, while the dark

Fig. 18. (a) High rise, (b) medium rise and (c) low rise buildings.

(a)

(b)

(c)



Fig. 19. (a) Façades facing the Equator; (b) complete
protection for west facing façades; (c) projecting fins
protect from oblique angle sun.

Fig. 20. Example of an orientation diagram.

SUSTAINABLE DEVELOPMENT IN WARM HUMID CITIES

absorbent surfaces increase surface and adjacent
air temperatures. However, vegetation and green
ground cover absorb a proportion of incident
solar radiation while evaporation from leaves
cools the sunlit surfaces.

Horizontal roof surfaces are the most exposed to
solar radiation. Light external surface colours
should be used though the high humidity tends
to darken roofs in time. Good insulation of roofs
is therefore necessary using air cavities and
lightweight insulation.

Vertical surfaces should also have fairly light
colours and adequate insulation. The choice of
orientation is very important. Table 1, correspond-
ing to a warm humid climate with a cool season at
latitude 20°N shows that 1 m2 of south-facing
window will collect more solar radiation in the
cooler season, when it is needed, and much less in
the hot season, when it is not. On the other hand, a
window facing 600 to the west of north will catch
much more in the hot season causing severe
discomfort and much less when it is cooler. Figures
21 and 22 show the seasonal radiation intensity
according to orientation and the design response.

Higher cloud cover in the mornings reduces the
impact of solar radiation from the east. Air
temperatures are also lower in the mornings.
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Sun in warm humid conditions:

No sun:
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Table 1. Intensity of solar radiation (Megajoules per
day) transmitted through windows, according to
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Conditioning of buildings

Buildings with natural conditioning

Building types such as housing, schools, local
offices and commerce may have natural condi-
tioning or partial air conditioning.

Design recommendations

Facing north and south to catch breezes,
avoid hot season sun with minimum over-
hangs and take advantage of morning sun in
cooler seasons, only when it is needed.
Internal plan and opening to catch breezes
and achieve cooling through ventilation.
Light-coloured roof and walls to reduce
absorption of solar radiation, both direct
and diffuse.

Note: calculated for the following conditions, Latitude 20°N,
ground reflectance 20%, sky clarity 70%.

Fig. 22. Building form and planting related to orientation.

Fig. 21. Intensity of radiation for different orientations
in a warm humid climate with a cool season.

Air-conditioned buildings with natural
lighting

If high rise buildings, such as luxury apartments,
principal offices, etc., are required to have air
conditioning, the following recommendations ap-
ply.

Design recommendations

Compact form with maximum office space
within 6 m of external façade. Main façade
facing north and south to reduce solar heat
gains.

orieñtation

Orientation Azimuth Hot Cool
(degrees) season season

North O 13.9 5.3
30 16.3 5.3

60 18.9 7.3

West 90 18.9 11.2

120 16.8 15.2

150 11.4 18.9

South 180 9.3 21.2

PROTECTION

OVERHANG

OVERHANG

MORNING
SUN



Façade away from the Equator: minimum
vertical fin sun shades.
Façade towards the Equator: horizontal
sunshades with small projection.
North and south façades close to the
Equator: minimum vertical fin sun shades.
West façade: avoid openings, adjustable
opaque sunshades.
East façade: controlled openings with sun
shading, adjustable or deep horizontal sun-
shades.

Air-conditioned buildings without natural
light

Examples of air-conditioned buildings without or
with little natural light include banking halls,
commercial shopping centres, auditoria, concert
halls and cinemas, museums, etc.

Design recommendations

Compact form: large volume in relation to
external skin.
Well-insulated exterior with limited open-
ings.
Low building form to allow for controlled
partial top lighting.
Form and orientation are less critical, as
internal gains and ventilation are the main
heat loads.

Trees and planting

Trees and vegetation provide a vital element of
favourable climate modification in urban areas.

Trees provide the most effective and natural
means of shading outdoor spaces.
Umbrella forms give solar protection from
the high angle sun while allowing uninter-
rupted air movement at pedestrian level
(Fig. 23a).
Trees and ground cover protect the soil
surface from the erosive effects of heavy
rain.
Bare unprotected ground may also lose
natural nutrients, which are dissolved when
exposed to heavy rain and strong sun.
Despite rapid vegetation growth, the topsoil
is often thin and vulnerable unless protected
by vegetation (Fig. 23b).
The relatively dark green leaves absorb a
high proportion of the incident solar radia-

SUSTAINABLE DEVELOPMENT IN WARM HUMID CITIES

Fig. 23. (a) Shade trees; (b) ground cover to protect
the soil; (c) leaves for shade and cooling; (d)
channelling of breezes.

tion, while the evaporation of water in the
leaves avoids the heating effect produced by
dark building surfaces (Fig. 23c).
The relatively low reflectivity also prevents
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problems of visual glare from the ground
surface when viewed from within buildings.
Low bushes and shrubs can block low level
breeze, though they may also be used to
channel air movement towards openings and
intensively used outdoor spaces (Fig. 23d).
They may also provide partial protection
from wind and driving rain.

Conclusions

Warm humid cities pose a new challenge to the
town planner and urban designer. The conven-
tional approaches developed in the industrialized
world, with different social, economic and cli-
matic conditions, do not solve many of the special
problems found in this context.

The planner needs creativity and imagination,
but also specific knowledge and techniques to
respond to social expectations, as well as
climatic, environmental and economic require-
ments. The planner has to maintain a delicate
balance between creative imagination and scien-
tific rigour, if a sustainable environment is to be
promoted.

Urban design and planning for the twenty-first
century will have to achieve long-term benefits as
well as short-term advantages in the face of rapid
growth and the increasing impact of the envir-
onmental crisis. This objective is not a Utopia but
the only possible choice for sustainable develop-
ment.
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