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ABSTRACT

In this paper, a ‘design–material package’ for low-impact tourist resorts in a hot and humid type of climate is
discussed. Design practices, concerning site planning, massing and functional layout, and envelope design, are
examined in terms of their adequacy in the given conditions. Both architectural design and material solutions are
set against theoretical principles. The focus is on human responses to environmental factors, and on their
practical implications. Analysis of broad strategies aiming at accomplishment of the objectives is provided. This
is followed by recommendations regarding solutions presumed to deliver indoor conditions consistent with
climatic preferences of itinerant users of buildings in the tropics, at the same time expected to minimise an
impact the facility makes on its surrounding environment.

INTRODUCTION

The overall objective of the climate–responsive
architecture may be expressed as provision of high
standards of the thermal, visual and acoustic comfort
within and around buildings, at the same time
ensuring that their quality is consistent with energy
efficiency at all stages of construction and, in
particular, of their use. It follows that the building
should respond to the environment in which it is built
by taking full advantage of the useful (‘positive’)
climatic conditions occurring on the site and
eliminating or minimising influence and effects of any
undesirable environmental phenomena (cf. Goulding
et al., 1992:74). When it comes to considering tourist
resorts in the coastal tropics, one might start to
wonder whether architectural designers have sufficient
means to provide solutions adequately addressing the
issues mentioned above and whether those means are
being used correctly, if at all.

These problems are further complicated by lack of
systematic, comprehensive and conclusive research
concerning comfort of itinerant users of tropical

buildings (Bromberek, 1999). While some of the
recent findings represent opposing views, others
contradict existing theories. For instance, there are
three competing views of the most appropriate ‘free
running’ building structure in warm–humid climatic
regions (Cox, 1993:2). The most popular of them
gives preference to light–weight solutions. It has been
argued that the lesser mass of such buildings reduces
the structure’s thermal time lag, which in turn causes
internal temperature swings to follow more closely the
external temperature profiles. This short response time
has been seen as necessary because of the relatively
small diurnal temperature differences, characteristic
for the zone. With this approach, the indoor
environment benefits from small drops in
evening/night temperatures occurring without
significant delays (Walsh et al., 1982:34, Holm,
1983:42).

The second view favours heavy-weight buildings. In a
research carried out in Cairns (Cox, 1993), such
solutions were found to provide the least overheated
buildings. Therefore, it was concluded, heavy-weight
structures are, climatically, the most suitable solution
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when used in combination with other passive
measures, such as shading and ventilation (ibid.: 65,
comp. Givoni, 1994). While the research findings
demonstrated superiority of a predominantly heavy–
weight structure, factors such as siting and orientation
have been excluded from considerations. This
limitation could have been acceptable in case of a
building project attempted in the urban environment.
Limited size and restricted orientation of building
blocks usually are the predetermined qualities in such
locations. Locality characteristics would have,
however, relatively much a greater impact on the
building’s performance if one could remove those
limitations. Furthermore, a psychrometric comfort
zone specified for a dwelling, being different from
that for a resort, influences lengths of periods
accounted for as ‘overheated’ and ‘underheated’
(Szokolay, personal communication). Finally, the
research compared only light-weight versus heavy–
weight buildings. Cox’s study, although
acknowledged such a possibility, did not attempt to
test thermal performance of the third option: hybrid
light–heavy structures (Cox, 1993:66).

The hybrid uses heavy–weight fabric for day–time
living areas and light–weight fabric for spaces used at
night. The concept was first offered in 1959 by
Drysdale and since then the hybrid approach,
developed along the lines of logical deduction, has
gained much support (Walsh et al., 1982). It has been
argued that a heavy–weight day–time part of the
building, without mechanical ventilation, offers a level
of performance, based on its capacitive insulation,
which is equal to that of a mechanically ventilated
light-weight structure (Szokolay, personal
communication). The bedroom part of the building, on
the other hand, would benefit from the thermal
behaviour of a light–weight structure. The concept has
not been validated (or tested parametrically) yet (Cox,
1993:3). Although the hybrid alternative could be the
most appropriate solution for a family house in the
coastal tropics, it does not seem even necessary to
consider this type of structure in resorts. A number of
behavioural differences between local residents and
visitors to the tropical coast make it possible to
consider only a part of a resort ie. the guest units, used
mostly at night, crucial to the tourist’s perception of
comfort.

Design recommendations, which are discussed below,
have been proposed in two areas. It is possible to
differentiate the two by simplifying their aims as
“what to do” versus “how to do it.” Nevertheless, all
recommendations serve the same general goal of
bioclimatic architecture in the tropics, which,
according to Baker (1987:34), requires that

… buildings should be coupled as much as possible to
external conditions of air temperature, humidity and air
movement, but as little as possible to solar radiation.

This objective will be negated whenever architectural
design fails to meet requirements specific for the

purpose of the building or for the given climatic
characteristics of the location. As far as guest units
are concerned, the chief purpose is to provide an
adequate overnight shelter, and climatic setting of a
resort discussed here is that of the coastal tropics.

DISCUSSION OF DESIGN
RECOMMENDATIONS

The greatest demand for tourist development
opportunities in Australia is noted in the eastern
coastal zone, from Central Coast of New South Wales
to Far North Queensland’s Marlin Coast (coastal area
near Cooktown). Concentrations of this demand build
up a pressure for extensive development in several
locations: Wollongong–Sydney, Lake Macquarie,
Byron Bay, Tweed Heads–Gold Coast, Noosa and the
Sunshine Coast, the Whitsundays, and the entire
coastal strip in the tropics up to Daintree and Cape
Melville National Park. While in the south the natural
environment had been subjected to alterations
(urbanisation) for many years, this type of
modifications has been introduced in the tropics fairly
late, in the last few years. The following discussion
refers to the tropical areas yielding to these recent
trends. Particularly, it is concerned with areas outside
established settlements and without their ‘urban’
infrastructure.

According to Olgyay, possible improvements to a
typical house design through changed orientation, re-
arranged openings, ventilated roof structure, weather
stripping, overhangs and shading result in reduction of
total heat gains amounting to massive 55% of the
original figure for hot humid climate. In his opinion,
importance of various measures applied to achieve a
‘thermally balanced’ design can be presented in the
following order (1963:151):

1. orientation and shading of glass surfaces 64% (both
solar aspects may be considered jointly because of
their interdependence here);

2. horizontal exposure gains in importance, with roof
construction at 20%;

3. reduction in infiltration lessens 7%;
4. ventilation of appliances 5%;
5. shading of wall surfaces 4%.

One could argue that, because number of appliances
in a guest unit is limited and after moving closer to the
equator (Olgyay considered a building located in
Miami, which is outside the ‘geographical’ tropics),
relative importance of shading of envelope’s elements
(particularly the roof) would increase while the role of
window shading (as long as they are in south and
north walls), and gains from appliances would
decrease. Similar differences can be found in virtually
every aspect of architectural design domain. Before
they are presented, specificity of the coastal tropics in
Queensland must be established.
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Location characteristics

A location’s climate is the averaged—over a relatively
large area and for extensive periods of time—weather
condition derived from data collected at one
(sometimes more than one) station. It describes the
condition that prevails in that location. Climatic
characteristics are only indicative of conditions to be
expected in a location chosen for the development.

Notwithstanding difficulties to define them, the
tropics shall be understood as a climatic zone where
heat is a predominant problem. When the presence of
atmospheric water contributes to a definition, tropics
can be considered as either wet tropics or arid tropics.
The boundary between the two is traditionally set at
around 20 inch (or 500mm) of annual precipitation
(cf. Gourou, 1968:1). Coastal tropics is a term coined
to introduce tropical maritime climate as different
from the wet tropics. Basically, coastal tropics are a
sub-climate of the latter, only showing significant
influence of the sea. In the specific North
Queensland’s topographic conditions, this influence
can be observed in a very narrow, 1–2km wide, strip
of land adjacent to the shore-line.

In a group of definitions based on human response
rather than purely climatic factors, Atkinson (1953, as
quoted by Koenigsberger et al., 1973:23ff.), suggested
a classification of tropical climates which has been
widely accepted (see also: Baker, 1987:13ff. and
Holm, 1983:5ff.) and proven useful. The classification
is based on only two factors: air temperature and
humidity (it has been argued that these two factors
dominate human perception of comfort/discomfort in
the tropics). A definition of the tropics which refers to
the comfort of occupants of the building, was also
suggested by Koenigsberger et al. (1973:3):

Tropical climates are those where heat is the dominant
problem, where for the greater part of the year buildings
serve to keep the occupants cool, rather than warm,
where the annual mean temperature is not less than
20˚C.

Climatic data can serve as a general guide only. A
better picture would be obtained if data on mezo-
climate of a particular location were available.
Climatic differences between various points on the
coast and a site of the nearest data collecting station
can be quite significant. The most important localised
climatic factor in the area is the wind. Along the coast
and up to between 2 and 8km inland (depending on
the topography of the terrain), the prevailing North–
East and South–East winds (parallel to the coast) are
modified by sea–land breezes during the day and, to a
lesser extent, by land–sea breezes at night. Sea–land
breezes, which build up at about 10am, might be in
the order of 4–8m/s, while land–sea breezes would
usually reach the speed of 1–2m/s. Breeze/wind
speeds usually follow a distinct diurnal pattern: after
calm nights they slowly pick up shortly after dawn,

reaching a peak in the mid-afternoon, with a moderate
but weakening breezes continuing into the evening
(Riehl, 1954). No such detailed information about
winds or breezes is collected on a regular basis for
more than 4 or 5 locations in the entire Queensland
tropics. Of what is known, there are very few calm
days in the region. Prevailing winds are of moderate
speeds 1.5–3.0m/s (Weychardt, 1967). During
summer season, however, very strong cyclonic winds
(with speeds occasionally exceeding 60.0m/s) can
cause severe damage to buildings and vegetation in
the area. Cyclones carry the extreme risk to people
and necessary precautionary measures usually disrupt
normal tourist traffic.

The island locations have been largely neglected and
description of local conditions there is based on a
mere extrapolation of data from continental stations.
The number and character variety of islands in the
region can be illustrated with a sample, taken between
Kennedy Bay (lat. 18˚00'S) and Donovan Point (lat.
16˚00'S). In this part of the coast, there are 34 islands
and islets close to the continent and thus similar to the
continent’s coast in its climatic and other
characteristics. Most of these islands are small (area
less than 10 acres), and lack suitable landing places
and fresh water. For most of the year, they are infested
by sandflies and mosquitos. Given the difficulties, it is
not surprising that, according to McDowell (1966) ‘…
until 1956 all [island] resorts closed for the humid
summer months.’ And yet, there are presently several
all–year island resorts operating in the area and a
number of others are being developed.

There are several other physical aspects of the coastal
environment that need to be evaluated regarding resort
development. Some information can be obtained from
various secondary sources like hydrographic charts,
topographic maps, aerial photographs and other
published data on ground cover, soils, geology, etc.
However, for designing or planning purposes,
particularly in relation to a site adjacent to a shore, it
also may be necessary to obtain data which are not
commonly available, for instance, information on
beach gradient, extent of beach changes, limit of high
and low tides, limit of storm surges or grain size of
ground material. Difference between high and low
tides, ie. the tidal range, is one of the more important
factors to be considered when evaluating coastal
environments. In particular, steep beaches are
vulnerable as high gradient is usually associated with
their exposure to high energy storm waves which
combined with human use–induced beach erosion can
cause severe damages.

Site planning and resort layout

Limiting the impact a building makes on the
environment requires that operational energy demands
are low. Low–energy buildings must be supported by
the site. Decisions regarding spatial organisation of
the resort are, probably, the most important decisions
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influencing performance of free–running buildings.
Their relative importance is further emphasised by
difficulties in compensating wrong decisions once
they were made. Consideration of the site starts with
investigation of a local climate. Climate of a particular
site (or microclimate) is a condition linked to—but
not strictly derived from—the site location. At least,
not to the extent that general inclination to perceive
the climate would suggest. As Olgyay writes about it
(1963:44, cf. Hooper, 1975:2):

 ... at ground level multifold minute climates exist side
by side, varying sharply with the elevation of a few feet
and within a distance of a mile.

For example, wind speed, cloudiness, precipitation
and humidity are often very different on the windward
and on the leeward slopes. These deviations should be
analysed and utilised by architects for making correct
siting decisions and microclimate improvements.
Small differences in topography, whether natural or
man–made, can create large modifications of the
microclimate. It is mostly a result of the cool air
behaving somewhat like a liquid. Topography of a
site, plants and buildings can create ‘pools’ where air
cooled at night can ‘flow in’ (katabatic air flows) and
gather, or ‘dams’ impeding free flow of the air
through the site. Topography that would promote air
movement is preferable because of the importance
that the breezes have for comfort restoration in hot–
humid areas (Olgyay, 1963:52).

Most locations on Queensland’s tropical coast contain
two distinct topographical features: a beach and a hill-
side. Slopes can generate air movement through
uneven air temperature distribution. The mid-slope
location of buildings is preferred by many architects
for its aesthetic qualities and views. The phenomenon
of the ‘warm slope’ or ‘thermal belt’, ie. slope warmer
than the hill’s top and foot, makes such a choice
questionable when considering its effects for night–
time use in the tropics. While such a location is
correct in cool and moderate climates, it does not
seem right in regions where rise in the temperature is
a clear disadvantage.

In terms of radiation effects, hillsides receive an
impact depending on the inclination and direction of
the slope. East and west sides of a hill receive more
radiation than south or north ones. It is because in the
tropics, for large parts of the day the sun takes
positions, which are perpendicular (or almost
perpendicular) to hill slopes. However, the problem of
radiation can be dealt with by designers in many ways
and therefore wind exposure—much more difficult to
control—should remain the dominant consideration
(id.). Hills also modify winds and precipitation
distribution. They can deflect wind in both its
horizontal and vertical stream patterns. Measured
wind velocities are highest near the hill-top on the
windward side and at sides on the crest. In sunny
weather, these places experience smallest temperature

rises: the wind rapidly removes heat by forced
convection, substantially reducing potential for
warming (Goulding et al., 1992:32). Lowest speeds
are recorded near the bottom of the hill on its lee side.
Similarly, precipitation is more intensive on a
windward side than on a lee side of the hill. Such a
precipitation distribution follows adiabatic processes
of condensation and precipitation in the ascending air.
In the absence of winds generated by macro-scale
weather phenomena, large bodies of water can
remarkably influence local air movements. It is
because water, having higher specific heat than the
landmass material, is usually cooler than land during
the day and warmer at night. In the diurnal
temperature variations, during the day, air cooled by
the body of water moves low over the land creating a
cooling effect of as much as 5K (Olgyay, 1963:51). At
night, the direction of such breezes is reversed. It
would be advisable to position buildings in such a way
that they could take full advantage of those
phenomena. As a rule, buildings in the coastal tropics
should be fully exposed to all cooling winds and
breezes they can get (Hooper, 1975:25). Water,
similarly to the natural land cover, also moderates
extreme temperature variations by rising winter
minimums and lowering summer heat peaks. The
effect is measurable throughout the entire zone and is
the main climatic factor differentiating the coastal
zone from the surrounding areas.

The development site should be large. It could be
proven that damage to the natural environment is in a
direct relationship with the density of the user
population. Moreover, the size of the block should
allow for (relatively) unconstrained positioning and
orientating of the resort buildings. That should
facilitate exposing them to winds prevailing in the
area. As it has been pointed out above, taking
advantage of wind/breeze incidence could be more
important than protecting the building’s perimeter
from solar irradiation. The roof appears to be the
element receiving most solar irradiation and its
amount does not change much with the roof’s
orientation. Irradiation of the walls is caused by the
sun operating at lower angles. Thus, it is advisable to
position the long axis of a building as close as
practicable to East–West direction. That would
decrease the area of surfaces exposed to effects of
insolation (Szokolay and Sale, 1979:52). As the winds
in this region come mostly along the coast and the
coast-line generally follows South–North direction,
this requirement seems quite easy to meet. The
problem of excessive insolation of the walls can easily
be dealt with by external shading (cf. Olgyay,
1963:52, Koenigsberger et al., 1973:216) and the
point of wind consideration taking precedence over
solar–related orientation is further strengthened.
Nowadays, however, this opinion is questioned by
some researchers (Szokolay, personal
communication).
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In planning of a general layout of a resort, various
effects of vegetation and topography must be taken
into account. Both, the vegetation and topography,
should provide maximum shade and support air
movement through the site. The natural vegetation
cover of land plays a very special role in shaping the
local microclimate. It tends to stabilise temperatures
and decrease extremes while man–made surfaces tend
to exaggerate them (Goulding et al., 1992:32–33).
Plants are a natural absorbent of heat, light and sound.
For instance, heat radiation is followed by much less
re-radiation from vegetation due to converting a large
portion of the heat energy in several biophysical
processes. Temperatures at 0.3m above (moist) grass
tend to be 5 to 8K lower than those above exposed
soil (id.). Extreme care should be exercised when
removing and/or planting trees. The trees should offer
shade for roofs and walls but not obstruct desirable air
movement around buildings (Olgyay, 1963:74ff.).
Varieties with high canopies and a few or no branches
below seem to be an option better than others. Dense
shrubs and low growing trees can be used to create
walls of ‘wind funnels’, that is—formations
redirecting winds and increasing their speeds (cf.
Watson and Labs, 1983:90–91). The speed increase
actually achieved will depend on the size (length,
hight) of the funnel’s ‘walls’, their density, wind
direction and other factors.

Care should be taken in complementing resort layout
with trees and shrubs to achieve maximum shading
benefits. This could be combined with enhancement
of breezes through a ‘funnel effect’, although benefits
can be expected for a rather narrow wind incidence
angle only. Elements of the landscape design
(including vegetation) can also create high and low
pressure areas around a building in relation to its
openings, directing and accelerating beneficial air
streams into the building (Olgyay, 1963:100). It is
important that landscape elements shade ‘air paths’
effectively—to ensure that air entering the building is
of a relatively lower temperature. Buildings in a resort
should be connected by shaded pathways. Paving,
however, should be avoided.

In order to ensure free movement of air through the
site, resort buildings should be located in fair
distances from each other and not to obstruct land–sea
breezes. In the layout organisation, parallel tendency
is preferred (cf. ibid.:174). The best solution would be
setting the buildings in a single file following a shore-
line. However, one must remember that the buildings’
sun–wind orientation is in this climate crucial to their
thermal performance. It is rather disturbing to find
that in very few designs this aspect seemed to be
considered (Bromberek, 1995). Orientating buildings
so that their long facades are exactly perpendicular to
a prevailing wind direction (ie. facing the wind) is not
required. In several studies it has been shown that a
better and more even distribution of air flowing
through the building— without compromising air

velocity—is achieved when the wind is oblique to the
inlet openings1 (Hooper, 1975:25).

One of the more important planning issues is
functional zoning of a resort. Its ‘naturally noisy’
parts, such as a dining room, playgrounds,
entertainment area, reception area and roads, should
be separated from guest units. This can be done by
moving them apart and/or introducing vegetation as
sound and visual barriers (cf. Olgyay, 1963:74).
Further improvements can be achieved through the
use of ‘white noise’ background (such as sea waves).

Running costs for the resort depend to a large extent
on a cost of providing building services. In a current
research, carried out at the University of Queensland,
it has been found that the services can vary greatly in
both capital and operating costs as well as quality—
depending on the resort’s layout. Length of power and
water mains and sewage collectors, their slope,
required pressure, number of pumps and substations,
and other indices are all in direct relation to the
architectural concept. In large resorts, the situation is
further compounded by the need of outlaying and
servicing internal transportation systems. It is highly
recommended that they be streamlined and the resort’s
layout is adjusted accordingly.

Building orientation and design

A brief developed on the basis of the environmental
recommendations alone would be, probably, a
document full of mutually exclusive requests. For
instance, in order to reduce roof area and resulting
solar irradiation, and to increase exposure to sea
breezes, it would be advisable to build multi–storey
buildings. However, this advice contradicts the resort
character and landscape protection requirements.
Moreover, high–rise buildings demand, on average,
more energy than others and are much more expensive
in difficult foundation conditions which in the tropics
seem to be a norm. A compromise solution would be
to accommodate tourist resorts in buildings of a few
storeys with guest rooms upstairs. Rooms requiring
more defined thermal control during day–hours should
be located downstairs. The upper parts of the resort
buildings could be lightweight structures which should
prevent any considerable heat storage. On the other
hand, however, cyclonic winds occurring in the region
during the summer season, could cause extensive
damage to such structures and endanger lives of their
occupants. Similarly, increasing the size of a window
for daylighting tends to increase heat gains. Although
larger windows provide psychologically beneficial
visual contact with the outside, they also increase the
intrusion of external noise. Noise in the background is
undesirable in itself but possibly useful as a masking

                                                     
1 Improvement can be observed when inlet and outlet openings are
located in opposite walls. If the openings were located in adjacent
walls, better cross–ventilation resulted from the inlet opening being
perpendicular to the wind direction.
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to aid speech privacy. Sun shades will control the
period of insolation but, generally, reduce the level of
daylighting, etc.

Air movement due to ventilation can be a significant
factor in improving the indoor environment (Hastings,
1994:299ff.). The air flow can increase the rate of
evaporation of perspiration from the skin and hence
induce a cooling effect. It is believed to be the only
effective way of ameliorating thermal conditions in
warm and humid climates (Koenigsberger et al.,
1973:213). Internal plan should thus provide for free
air paths through the interior. Presumably, to achieve
adequate air flows, buildings should be narrow and
rooms should be lined up (‘single bank’ layout, see:
Szokolay, 1995:7-13) rather than clustered as
economics of internal communication in a hotel–type
building would stipulate. However, it has been argued
that achievement of the desired velocities maintained
across the full ‘living zone’ (up to 2m) would require
several hundreds of air changes per hour (Smith and
Tamakloe, 1970: 281). Furthermore, physiological
cooling occurs at any temperature below skin
temperature but ventilation is advantageous only when
it enables the warm indoor air to be replaced with
not–warmer (and preferably— cooler) air from the
outside (Szokolay and Sale, 1979:50). When outside
air temperatures are high, ventilation and resulting
admission of hot air only adds to undesirable heat
load. This seems to cast doubt over feasibility of
cooling using this method.

There are two ways to induce and promote air
movement. It can be done through differing either
temperature (‘stack effect’) or air pressure (‘wind
effect’) between two (or more) points of the building.
In other words, ventilation can be accomplished by
creating conditions for induction of air movement, or
through deflecting winds and breezes in the desired
direction by redirecting the existing air flows. The
most effective is dissipation of heat from the building
using the wind pressure effect (Santamouris, and
Asimakopolous, 1996:220ff.). Both speed and
direction of local winds can vary. At a particular site,
however, a building can often be positioned in relation
to neighbouring buildings, planted vegetation, and
other obstacles, so that a wind is coming from a
known direction and at a reasonably steady rate.
Nevertheless, it is the size and position of the
openings as well as internal partitions and furniture
which will determine the possibility, speed and
direction of air currents within the building.

For hot–humid zones optimum building shape was
found to be a rectangular with the short to long wall
ratio 1:1.7 (Olgyay 1963:173). The eastern and
western exposures should be minimised and the
building cannot be deeper than 6 to 8m to aid cross–
ventilation. In a resort, preferably, access to flat roof
areas should be provided from bedrooms. The roof
spaces could be then used for optional open–sky

night–time and/or day rest (siestas). Adequate
drainage of such roofs must be provided during the
rainfall, which in the area can be heavy at times.
Alternatively, large balconies could be an option.
Even if privacy requirements discourage true
openness of the plan and incorporation of open–to–air
rooms. With sufficient effort, a solution to a problem
of providing secure and private sleep-outs for guests
can be found (cf. Watson and Labs, 1983:113,129).

Other resort functions also can be moved to spaces
which are open to the air. The overall strategy in this
respect should be to maximise a number of such
rooms. This principle applies not only to functions
producing high metabolic rates in participants, such as
physical recreation and entertainment, but to functions
where activities are moderately demanding, such as
dining, as well. In most situations, removable
flyscreens would have to be installed to provide
protection against mosquitos and sandflies.

There are several strategies that can be recommended
for the envelope design. It must be understood that
guest units are different from other resort buildings—
serving different functions. The crucial differentiating
factor appears to be the time of use. However, no
matter what is the function or the time of use, an
important observation by Szokolay (1995:13) remains
valid:

 ... individual elements [of the building’s envelope]
cannot be ‘optimised’, the building’s thermal
performance will be the result of the interaction of all its
components.

In the tropics, small diurnal ranges of temperature do
not warrant that heavy thermal mass will serve its
intended purpose (Koenigsberger et al., 1973:218). It
would be almost certainly counter-productive when
used in structures of guest units. Light structure
should be used instead as it does not support
stabilising temperatures at high–humidity night–time
conditions. The conditions of the tropical coast
demand the low insulation value of the envelope to
satisfy indoor comfort requirements in fully cross–
ventilated buildings. In this type of buildings,
temperature indoors can never be lower than
temperature outdoors and lack of insulation would
ensure that it will be not significantly higher.
However, some mass located inside a structure could
help to overcome undesired temperature fluctuations
in the winter part of a year.

Tropical roofs would receive more solar radiation
than any other surface of the building. A design of this
element has the greatest importance for keeping
indoor temperatures at a not–higher–than–outdoors
level. Significance of solar heat gains through the roof
increases with the ‘roof area to building volume’ ratio.
For the all–day performance, presumably, a well
insulated roof would be the best option (Szokolay,
1995:13). On the other hand, experiments in Israel (as
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reported by Givoni, 1994:30) demonstrated better
performance of thinner (aerated autoclave concrete or
AAC) roofs. It seems that the thermal performance of
the roof depends more on its surface colour and
characteristics than on its insulation. It is
recommended that the roof is shaded by high–
branched trees and white treated (Givoni, 1994:30–
32) or highly reflective (Koenigsberger et al.,
1973:218). Ridge ventilation outlets should be
provided for the ‘Venturi effect’, which would ensure
considerable rates of air extraction from relevant
spaces below (Baker, 1987:127).

An improvement to thermal performance of this
element can also be achieved by a double shell
structure. The outer skin shades the cavity, and
subsequently reduces temperature of the inner skin.
There are vernacular examples of almost detached
‘parasol’ roofs, which perform well in hot conditions.
According to Olgyay (1963:151), the ‘shaded’ roof
system—in case of the ‘climate–balanced house’ in
Miami, Florida—can cut total heat gains through the
envelope by 11%. Addition of even a thin sheet
ceiling impacts dramatically on a thermal performance
of the roof system. Underside of the roof and topside
of the ceiling, in such a case, should be reflective to
minimise both emission and absorption (Szokolay,
1980:334). Additional requirement to be met by the
roof is its resistance to destructive forces associated
with those phenomena. Normally, it would be
expected that the roof has an even and smooth surface,
and that all elements subjected to increased (positive
or negative) pressures, such as eaves, porches and
verandahs, are appropriately reinforced (cf. Aynsley et
al., 1994).

Walls in the humid tropics have less importance than
in any other region. It is because heat flows through
the envelope are diminished by small diurnal swing of
temperatures (Givoni, 1994:23). In a resort, they
would be primarily used to secure privacy and safety
of occupants and for screening from insects and
animals. Their thermal qualities should make it
possible to follow night-time drops in temperature
without significant delays, and to prevent morning
condensation. Givoni argues that large area of walls
enhances night cooling, although an idea of increasing
the envelope’s surface as a means of improving its
thermal performance seems to be a dubious move.
The walls (and opening in these walls, if any) are most
efficiently shaded by fixed ‘egg–crate’ devices where
vertical fins are turned 45° towards the North
(ibid.:29). Shading makes insulation of these elements
redundant (ibid.: Koenigsberger et al., 1973:218). It is
recommended that external surfaces are painted white
(or other light colours) or even—be reflective (id.; cf.
Givoni, 1994:26) while internal surfaces are smooth
and colours are light in a pastel range.

Internal walls should be as light as practicable, with
consideration given to the requirement of appropriate

sound attenuation. Several commercial products
providing relatively high values of STL (sound
transmission level) at low mass of the element (such
as ‘lead–core’) are currently available (Szokolay,
personal communication).

Openings should be ample as the volume of air
flowing through the building is in relation to the size
of orifices. The size of an opening (and height of its
sill, if any) on a windward side should not hinder air
movement at a body height (Szokolay, 1995:7-14 and
Hooper, 1975:25ff.) while even bigger openings
should be provided in a leeward wall2 (Givoni, 1976).
Moreover, for a distribution of the air flow it is
beneficial that the air current changes direction
slightly between inlet and outlet. Air flowing through
the unit should cross internal space as fully as possible
and ‘dead air pockets’ should be avoided both in plan
and in section. Further improvement could result from
using louvre type windows, which can be made open
downwards on the room side to 10° below the
horizontal position (cf. Hastings, 1994). It could be
helpful to devise warm air exhausts from under the
ceiling or, by allowing for vertical air movement, to
create a stack effect—coupled with such exhausts.

As one may presume, the most important for
achievement of indoor comfort is adequate orientation
and disposition of openings (cf. Givoni, 1994:24).
Avoiding windows in east or west walls in the tropics
appears to be an absolute imperative (Szokolay, 1980:
334). Placing and size of windows should allow for
free air movement through the ‘living zone’ (up to 2m
above floor, with reservations indicated previously).
However, it could be recommended that air movement
was considered all the way up to the ceiling It is thus
more important that windows are high rather than
wide (Givoni, 1994:27).

The glazing must be designed so that there is a correct
balance between the heat gains/losses resulting from
transmission of thermal radiation in and out of the
building, and the amount of light entering the
building. In a resort, it is very important to provide
openings which, on top of all other requirements,
ensure extensive—and, preferably, interesting—
views.

Although insects and pests do not constitute a climatic
factor, prevention of their harassing presence impacts
on bioclimatic design. Flyscreens, for instance, can
severely restrict internal air flows, especially when
winds/breezes are light3. They reduce the rate of
                                                     
2 Setting priorities right can be difficult: the ‘windward’ will be the
‘inland’ side—for night breezes. Nevertheless, breezes coming
from the sea in the evening also are beneficial to dissipation of day-
time heat ‘build-ups’ (cf. Szokolay and Sale, 1979:50) which, in
turn, makes openings in a ‘sea-ward’ side of the building
important.
3 Reduction in total air flow caused by a typical wire screen is
about 25% at wind speeds in excess of 2.75m/s and about 60% at
0.7m/s (van Straaten, 1967 as quoted by Hooper, 1975:28). Cotton
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structural cooling at night and comfort ventilation at
all times. This undesirable effect could be reduced if
flyscreens extended over the area larger than the
openings alone, and if they were placed at some
distance from them, that is—screening the entire
verandah/balcony is better than screens installed in the
respective door/window frames (Aynsley, personal
communication).

Sun-shading of openings not only affects the thermal
environment of a building but impacts on visual, aural
and psychological comfort as well. Window shading
can also influence the thermal environment
indirectly—affecting air flows through the building.
Hence it is recommended that these devices are
operable to allow for individual adjustments. The
colour of shutters does not seem to influence heat
gains much, however, white shutters are preferable
from the daylighting needs point of view (Givoni,
1994:29).

The floor should be raised to avoid obstructions to air
movement at ground level and to take advantage of
the increase in wind velocity gradient (Szokolay,
1980:334). Floors raised above the ground perform in
a similar way as the double roof. The ground, being
always in shade, stays relatively cool. Hence the air
passing over the cool ground, in turn, cools the floor.
The advantage of the raised floor over the slab on
ground is that it prevents condensation of moisture
likely to occur on a cold mass of the slab. With the
raised floor, one can also utilise under–floor supply of
air to rooms on the lee side of the building (Baker,
1987:106–107).

In acting as a filter between indoor and outdoor
climates, the building enclosure modifies the
environment not only in terms of heat, light and sound
but also in terms of psychological factors. Several
different effects of design and material solutions can
be identified. In broad terms, they can be presented as
forces motivating to certain behaviours (eg.
complaining) or as modifiers of certain perceptions—
normally related to physiological responses.
Discomfort avoidance is perceived as a powerful drive
supported by a sophisticated psycho-physiological
control system (Auliciems, 1981 and de Dear et al.,
1997). Psychological reactions may be expected in
response to all sorts of the information carrying
stimuli. The vision, hearing, smell and touch are the
senses through which our control system’s perception
of the environment can be altered. The input of data
from any of them would impact on the entire system
and can produce output information related to eg.
thermal environment.4. Sunlight and daylight are not
                                                                               
screens can reduce the velocity of incoming air by 70%, while
smooth nylon screens reduce it by 35% (Koenigsberger et al.,
1973:126)
4 For instance, light colours (light blue, white) can change
perception of the air temperature, ‘making’ it 2–3K lower than the
actual (Wirszyllo, 1982:310) and similar effect can be expected
from a touch of smooth surfaces as opposed to rough ones. Large

just sources of light. They are psychologically
associated with the inflow of visual information about
the outside world. The importance, which the
occupants attach to daylight and view, seems to
depend on a subjective assessment and individual
preferences. However, one may expect that their role
in satisfying people on holidays is by far bigger than
in most other situations. It seems that more research in
this area is needed as situation remains virtually
unchanged since Cowan observed (1980:8):

There have not been sufficient social surveys to establish
whether the complaints one hears from time to time
about the excessive use of artificial light and the absence
of natural ventilation represent the grumbling of a few or
the views of a majority.

Findings in this area can greatly influence the way we
think about the user’s needs (Bromberek, 1999).

CONCLUSION

The coastal tropics are distinctively different from
other climatic zones. There appear to be only two
considerable effects achievable with the help of purely
passive climate control. They are:

• reduction of the amount of total radiation; and
• increase of air flow.

Other effects, such as supply of cool air and de-
humidification, are difficult to achieve without some
support from powered devices and/or would probably
require co-operation on the part of occupants. This, in
turn, would require some sort of preparatory
measures: instruction and training. Thus, an attempt to
achieve such effects is seemingly impractical in a
tourist resort. There are also psychological
consequences of certain design solutions. However,
this problem appears to be past experience/culture–
dependent and requires much more research before
conclusive results and their practical implementation
can be expected.

Clearly, the design of the indoor environment is very
much an architectural problem and needs to be
considered at the earliest stages of the design process.
On part of the designers, the fundamental requirement
is that of a greater understanding of the total nature of
the physical environment in buildings, how it is
created and, in particular, what role is played by the
building enclosure (ie. the system of walls, roofs,
floors and windows manipulated by the architect) in
creating this environment. Elements brought by
passive design to the buildings (such as, for instance,
sun-shades), can be not only functionally adequate in
performing a specified task but the effect can be
creative and ‘refreshingly sculptural’, resulting in
interesting texture on the facades. However, examples
                                                                               
open spaces also give an impression of being somewhat cooler than
they, in fact, are while higher than actual temperatures are
associated with stimuli of high noise or light levels.



83

of architecture seen around the world demonstrate that
architects are seldom aware of the fundamental
relationships at play at the ‘building—environment’
interface. Moreover, it seems necessary to stress that
differences found between tourist facilities and
dwellings make certain well established strategies
applicable to latter seemingly inappropriate when
adopted resorts without adjustments.

In this paper, means available to architectural
designers have been examined. It has been shown that
architects who would like to influence the indoor
climate by way of enclosure design, have a rather
narrow range of means to do so. However, their
design decisions in the area of the building form,
design of envelope elements, materials used, and

others, can all minimise the difference between
outdoor and indoor conditions. Some of those means
can greatly influence the indoor environment in a
resort. In given conditions, others can produce only
marginal changes and some can make no measurable
impact. The range of available means seems to be
large enough, though, to select the ones that would
control parameters of the indoor environment to a
desired extent. That would allow for less energy spent
and less impact made on the surroundings.

It appears that while design of tourist facilities, which
would make minimal impact on the sensitive
environment of the coastal tropics, is difficult, it is
achievable and designers should make a genuine effort
to attain its objectives.
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