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Paris, Texas, Canada, Jamaica?? Can you tell which is 
which??
Paris, Texas, Canada, Jamaica?? Can you tell which is 
which??



In this lecture we will learn how to make buildings that respond to 
their climate -- use less energy -- and that we might actually be able 
to tell where they come from.

“McDonald’s” type architecture tends to distribute the same building 
“type” around the globe, with little recognition of the influences of 
climate. Before the invention of mechanical heating and cooling in the 
late 1800s, this would not have been possible.



Why do we build buildings???
Initially, it was for shelter from the outside weather, and thus, survival.

THEN, people desired a certain minimum level of 
COMFORT, but would modify clothing or expectations 
as a function of the weather.
NOW, people people expect to be held at a constant level of 
COMFORT, in spite of the weather or location (in the world).



The Effects of Climate on 
People

Major elements of climatic 
environment which affect human 
comfort are:

-Air temperature
-Radiation
-Air movement (Wind Speed)
-Humidity

“Thermal Comfort – that 
condition of mind which 

expresses satisfaction with the 
thermal environment.”         

ASHRAE Standard 55-66



Bodily Heat Transfer
Heat Gains: 
•Metabolism (conversion of food to activity 
and heat)
•Absorption of Radiant Energy
•Heat Conduction Toward Body

Heat Loss Through:
•Evaporation
•Conduction
•Convection  (Wind Chill Factor)
•Radiation



Shelter and Environment
•Shelter is the main instrument for fulfilling the 
requirements of comfort.  It modifies the natural 
environment to approach optimum conditions of 
livability.  

•The architect's problem is to produce an 
environment which will not place undue stress 
upon the body’s heat-compensation mechanism

•It is NOW the task of the architect to make 
utmost use of the natural means available in 
order to produce a more healthful and livable 
building, and to achieve a saving in cost by 
keeping to a minimum the use of mechanical aids 
for climate control. 



The Comfort Zone
The Comfort Zone refers to the range of temperature 
conditions of air movement, humidity and exposure to direct 
sunlight, under which a moderately clothed human feels 
“comfortable”.

This will be different for Indoor versus Outdoor conditions.

This will be different for different cultures and climate 
conditions - what are people used to??
As Architects we use our 
buildings to not only create 
comfortable indoor 
environments, but also 
pleasing and useful spaces 
outside of our buildings.



Where do people want to sit?Where do people want to sit?



The Comfort Zone Bioclimatic Chart

The comfort zone 
is the kidney 
shaped area that 
defines the range 
of conditions within 
which North 
Americans express 
no great objection.
However, the 
intersecting red 
lines show the 
temp and RH that 
we strive for in our 
interior 
environments, 
winter, summer, 
Arctic, Florida!



This 
adaptation 
is from 
“Design 
with 
Climate” by 
Victor 
Olgyay, first 
published 
in 1963.



One of the biggest adjustments that must be made in trying to 
design buildings with less dependency on mechanical heating and 
cooling, is the adaptation of human expectations to have their 
environments held at a constant Temperature and Relative 
Humidity.

23C 35%RH

All indoor temp and RH that falls 
outside of 23C 35%RH calls for 
mechanical and electrical intervention!!

i.e. $$$ and fuel



Climatic Regions in North 
America

It is generally agreed that 
the American Indians 
stemmed from Asia and 
that the waves of their 
migration across the Bering 
Strait established their 
populations from end to 
end of North and South 
America.  As they spread 
throughout North America, 
the Indians entered into a 
broad variation of climatic 
environments. These in 
turn impacted the type of 
dwellings that they created. 
Dwellings also reflect 
nomadic vs. stable 
settlement.



Early migration and settlement had much to do with the 
climate, landscape and available materials and food 
sources.



The availability of fresh water was also critical to these choices.



Climatic Regions in North 
America

Cold -where winter is the dominant 
season and concerns for conserving 
heat predominate all other concerns.
(Eg: Minneapolis, Minnesota and 
Ottawa, Ontario)
Temperate – where approximately 
equally severe winter and summer 
conditions are separated by mild 
transitional seasons. (i.e.: New York, 
NY)
Hot-Arid – where very high summer 
temperatures with great fluctuation 
predominate with dry conditions 
throughout the year. (i.e.: Phoenix, 
Arizona)
Hot-Humid – where warm stable 
conditions predominate with high 
humidity throughout the year (i.e.: 
Miami, Florida)

Diagram from “Design with Climate” 1963.



The climate regions closely align with the broad geographic 
regions of North America.



The 
geographic 
and 
climate 
regions 
also tend 
to support 
different 
cultures, 
ways of 
life, food, 
cooking, 
pace of 
living. 
Eating fat 
helps if 
you live in 
a cold 
climate.



Population densities initially co-related to “good climate for 
life”, and have subsequently had less to do with this fact as 
modern systems have been able to ignore these issues.



In the U.S. it is fairly easy to see geographic dependent 
patterns in settlement.



Settlement begins to conflict with geography when water 
consumption begins to exceed availability. This does lead to more 
thoughtful water use...



World Climate Regions

The same climate definitions are used world-wide. Differentiated climate 
impacts the types of buildings that are appropriate (or not!).



Climate and Indigenous 
Housing

Roofs tell 
us a lot 
about 
housing. 
Flat roofs 
are to 
sleep on 
in hot 
climates. 
Pitched 
roofs 
shed 
rain. Low 
slope 
roofs 
hold 
snow….



Climate and Indigenous 
Housing

In its most fundamental form, housing is shelter – a system of 
components designed to mediate the existing environments (which 
is less than satisfactory in some way) into a comfortable and 
satisfactory environment.  Historically, shelter has been built

• to reduce the range of local climatic variations; 
• to avoid some of the heat of the sun in hot climates, 
• to conserve heat in cold climates, 
• to welcome the breezes when they can provide desired 
cooling,
• to avoid winds when they serve to compound the 
problems of an already cold environments, 
• to admit light in sufficient amounts for task lighting and 
to keep out excessive or unnecessary light.



THERE IS A HUGE DIFFERENCE BETWEEN CLIMATE CONSCIOUS 
INDIGENOUS HOUSING AND “SHACKS” THAT ARE THE RESULT OF 
POVERTY.

…although there may remain remnants of climate effective indigenous strategies...



Poverty can result in a forced combination of old and new 
materials.



Cold Climate: Indigenous Housing

Cold: The severity of this climate suggests that cold temperature and wind 
conditions alone dictate the building sitting, form, organization and wall and 
window construction.  Designing for all other conditions (sun, summer 
breezes, and humidity) are subordinated to the demands of the cold.



Also characteristic of indigenous housing is the tendency to use 
natural, renewable, low energy materials (although if populations 
grow too quickly, materials such as wood may not be adequately 
replenished). Such housing has a limited environmental impact.



This also affects the type of labour and tools that are used in 
construction, and typically meant inability to use “power” to assist 
in the building process.



Such housing does result in interior environments that would not be up 
to modern North American comfort standards. But perhaps we are 
aiming too high, making the gap between the environmental comfort 
level provided by indigenous solutions too far below our own 
expectations.



The igloo was able to keep the sleeping bench above freezing, with 
limited use of a lamp and the body heat of the occupants. Most modern 
houses are so large that occupants are quite incapable of altering the 
interior temperatures.



The tundra -- where are 
the natural building 
materials??



Extreme Northern building is also affected by Permafrost. 
Dwellings may not allow heat to escape into the ground as 
thawing will destroy the permanently frozen condition of the soil 
and the building will “sink” rather than “float” on top of the soil.



These ancient Irish buildings used a similar shape to the igloo, but in 
this case, stone was plentiful - so these became permanent 
habitations.



Temperate: The summers 
are hot and humid, and 
the winters are cold.  In 
much of the region the 
topography is generally 
flat, allowing cold winter 
winds to come in form the 
northwest and cool 
summer breezes to flow 
in from the southwest.  
The four seasons are 
almost equally long.

This housing maximizes 
flexibility in its design in 
order to be able to modify 
the envelope for varying 
climatic conditions.

Temperate: Indigenous Housing



Similar 
techniques are 
seen in 
temperate 
buildings 
worldwide.





Mongolian YURT with collapsible “pantograph”side walls, and felt mat 
covering.







Hot-Arid: Located in the desert 
region that spans California, 
Arizona and Nevada, the 
climate is characterized by 
extremely hot summers and 
moderately cold winters.  The 
cold season lasts from 
November until March or April, 
with January temperature 
between 0 and 15 degrees C. A 
small amount of precipitation 
occurs during the winter.  The 
summers are extremely hot 
and dry, with  great 
temperature variations 
between day and night. This 
“diurnal” temperature swing is 
used to moderate the interior 
building temperatures.

Hot-Arid: Indigenous Housing



Hot arid buildings use the mass of the building to moderate the heat 
flow through the envelope. Occupants move out to the roof to sleep if it 
remains too hot indoors in the night.



Historic pueblo type 
building in Chaco 
Canyon, New 
Mexico c. 1075 CE



Taos pueblos, some 
dating back to the 17th 
century and are still in 
use today.



These buildings do not employ “insulation” and have very limited 
window openings so that the sun cannot enter. They use reflective 
colours to keep what little light is let in. Small windows also exclude 
ventilation as they wish to exclude the hot daytime air from entering the 
building.



Longhouse Pueblo at Mesa Verde, Colorado, c. 1211 to 1278 CE.

Mesa Verde used the natural landscape to take advantage of the 
winter and summer sun. Winter sun penetration heated up the 
masonry and kept the buildings warm. The cliff shaded from the 
summer sun, keeping things cooler.



Desert housing makes use of dense materials (stone/adobe) to 
store heat. It does get quite cold at night.



Not all hot-arid buildings are 
made from stone or adobe. 
Other accommodations are 
required when there is no 
stone, nor water with which to 
make mud bricks. Water is 
too scarce to be wasted in 
making a building… in this 
case, shade is optimized.

Bedouin tent



Hot-Humid: Indigenous Housing

Hot-Humid: is characterized by high humidity and warm summer 
temperatures.  Day to night temperature swings during the summer are 
insignificant because of the extensive humidity and cloud cover which 
prevents surfaces from re-radiation to the night sky.  Very mild winters 
make for a short heating season. Sunshine available all year. Often a lack 
of breeze.



Hot-Humid: Indigenous Housing



Hot-Humid: Indigenous Housing







Buildings are also 
elevated to protect 
their occupants 
from animal 
predators.



Conical thatched grass roofs top circular dwellings built 
with interlaced fiber siding , Village in New Guinea



Houses of Goilala people, New Guinea New Guinea huts



Malocas in the Amazonas



Most hot-humid regions are characterized by rapid tree growth and 
plenty of water -- making the choices of building materials very 
different.

Plentiful materials are compromised in 
urban areas, as shown in the 
construction of these “favelas” in Brazil, 
which use found, cheap, modern 
materials - sometimes what the rich 
throw away. Density does not permit air 
circulation.



Kandy shacks - Sri Lanka

A combination of natural and salvaged materials.



Climate Responsive 
Architecture

“We must begin by taking note of the countries and 
climates in which homes are to be built if our designs 
for them are to be correct.  One type of house seems 
appropriate for Egypt, another for Spain…one still 
different for Rome…It is obvious that design for homes 
ought to conform to diversities of climate.”

Vitruvius, Architect 1st century BC

Pompeii: House of the Vettii Tangier: inside a Medina House



Indigenous structures are valuable subjects for 
study because of their ingenious use of available 
materials and technology to produce houses which 
provide a remarkably high degree of thermal comfort 
in sometimes hostile environments.

Vernacular architecture has grown out of simpler 
forms of indigenous building as done by more 
primitive cultures, and usually includes the same set 
of climate responsive parameters and similar 
materials but using somewhat higher technology in 
the construction.

Typical “modern” 20th century architecture has 
characteristically thrown out all of the lessons of 
both indigenous and vernacular building and relied 
on mechanical heating and cooling to moderate the 
interior environment with complete disregard to 
climate.

Climate Responsive 
Architecture



Indigenous:
• Originating and living or occurring naturally in an area 
or environment.
• Intrinsic; innate.
• Bound to its geography.
• Using traditional, typically non-mechanized 
construction methods.
• Almost always pre-industrial



Vernacular:
• Being derived from an indigenous building style using 
local materials and traditional methods of construction 
and ornament.

• Almost always post-industrial, using modern 
construction methods.
Ongoing cultural adaptation of a style (sometimes 
indigenous).

• For example, Native American pueblos are indigenous 
and Mexican courtyard housing is vernacular.



“…true regional character cannot be found throughout 
a sentimental or imitative approach by incorporating 
their old emblems or the newest local fashions which 
disappear as fast as they appear.  But if you take…the 
basic difference imposed on architectural design by the 
climatic conditions…diversity of expression can 
result…if the architect will use utterly contrasting 
indoor-outdoor relations…as focus for design 
conception.”

Walter Gropius

Climate Responsive 
Architecture

What we as architects are aiming for is to take the climate 
motivated, environmentally sustainable/valid ideas and practices, 
from both indigenous and vernacular building, and to incorporate 
them into a current architecture that clearly responds to issues of 
climate (and comfort) in the design of the building.



Early Hopi Indian Pueblo 
reconstruction

(indigenous)

Actual Pueblo in use near 
Taos, New Mexico

(vernacular)



Modern building being marketed as a “pueblo” -
“modern climate conscious adaptation” (how 
sustainable or effective not determined!)



“City of the dead” Cairo, EGYPT

Vernacular Architecture
Vernacular architecture tends 
then to be building that grows 
out of indigenous practice and is 
adapted to somewhat more 20th 
century building.



In some cases urban 
pressures have 
compromised valid 
climate based design 
strategies. The “pink” 
town makes good use 
of courtyards and 
building shading to 
create a cooler place. 
The stacked buildings 
on the left retain the 
small windows but 
expose more of 
themselves to the sun.



Hot-arid buildings that use only nature to 
modify their interior environments 
continue to use indigenous traditions that 
include small windows and walls with 
thermal mass, and no insulation.



This modern building 
makes use of the 
hot-arid method that 
employs small 
windows and creates 
an “airy” interior by 
opening up 
courtyards and 
spaces on the inside 
of the building, that 
are constantly 
shaded.



In various climatic 
designs, thermal mass 
(stone, concrete, brick, 
adobe) can be used as 
a “thermal sink”. ie. The 
materials have a high 
capacity to hold heat 
and so the heat that 
comes to the interior of 
the space gets 
absorbed by the 
building materials and 
NOT the people.

People are 80% water, 
which also has a high 
thermal capacity.

Wood is an insulator so 
does not absorb heat.



This particular 
development in 
Mexicali had many 
good indigenous 
ideas in mind. It 
used local materials 
and building 
methods. But for 
perplexing reasons, 
failed to “work” or 
appeal to the local 
residents.

So, in spite of the 
best intentions, 
some modern 
adaptations of 
traditional building 
methods will not 
work.





These more contemporary 
city based hot arid houses 
make use of courtyards to 
cool the house environment. 
The plants not only provide 
physical cooling, but also 
“mental” cooling. This 
becomes highly important in 
architectural design.



In this case the courtyards are more to the exterior of the building 
and also provides spatial separation and “privacy”.



This modern New Mexico house uses Hot-Arid principles.







River dwellings, Amazon

Fishing village , China

Hot-humid buildings have a very different relationship to “water” vs. 
“humidity”.



sultry

still

little air 
movement

or

very

windy

stormy



What can we learn from local traditions? Bamboo is one of 
the fastest growing, renewable natural materials...







Missionary guest house, Dar-Es-Salam, 
Tanzania

A contemporary building that is 
conscious of the wind and rain 
and uses modern materials to 
replicate some effective 
indigenous traditions.



Large overhangs shade from the 
sun.

Light coloured roof reflects heat.
Trees moderate cooling.

Courtyards 
provide 
shade.



Southern plantation houses with large shaded porches.



Louisiana houses of both rich and 
poor(er) use shutters on the 
windows to allow air flow while 
maintaining security.

Shot-gun houses



The traditional dog trot house is characterized by two log houses with a 
central connecting passageway, a porch at either side, and a chimney at 
each end. Developed in response to its environment, the dog trot house is 
successful in providing cool shaded space in the Southeast's hot, humid 
climate. This is accomplished primarily through its successful passive 
ventilation strategy.



By studying more historic 
vernacular types that worked 
well, we can re-learn the 
principles that made these 
buildings effective.



Logan House, Tampa, FL



This relatively modern building has 
become a model for a new kind of 
vernacular based upon ventilation 
strategies for hot-humid climates - that 
were derived from indigenous hot-
humid buildings.











Cold climate houses can take 
varying attitudes towards their 
roofs. In some cases “stops” are 
put on the roof to hold the snow 
in place (so it does not slide off) 
and the snow is used as extra 
insulation. The roof must be 
stronger to prevent structural 
collapse due to this extra weight.



Our natural found environment donates very little in 
the way of renewable or natural materials that will 
make the design and construction of modern 
comfortable houses very easy.

Creating a warm, moist environment in a harsh, cold 
climate puts ourselves quite at odds with physics.



Insulation is the only 
real way to keep the 
heat in. Some types 
are more 
environmentally 
friendly than others.

cellulose
fiberglass

polystyrene

Sheep’s wool



Interestingly in Cambridge, Ontario, we have to design our buildings to 
maintain a warm interior environment in the winter, as well as deal with 
heat and humidity in the summer.

+ =
?

This is not so easy and can unfortunately mean compromises.



But that is what we have to figure out, isn’t 
it??


