
THE EVOLUTION TOWARDS CONTEMPORARY 
CLIMATE RESPONSIVE DESIGN: Part One

The Positive Potential of Learning From Bio-Climatic Practices
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High Level Ideas:

• Did people do better with respect to climate responsive 
design 
• Before the interference of architects and engineers?
• Before the invention of HVAC

• Was colonialization responsible for the eradication of 
successful indigenous building practices?

• Is Globalization currently responsible for taking the 
evolution of bad colonial practices that culminated in 
International Style architecture to even more places (that 
are climatically inappropriate) 



Origins of our current climate problem

• Most of the development of North America was 
based on well intentioned European thinking

• Industrialized cities were generally not respectful of 
anything nature or climate based – there was a 
focus on formal layouts, organized streets, 
architectural styles

• Rivers were simultaneously a source of water for 
drinking (life), water to feed industrial processes, 
and the place to dump sewage

• Hard to believe but people didn’t understand the 
basics that when you dump feces into the river, and 
drink that water, you might get cholera and die



The Glass House New Canaan Connecticut 1949, by architect 
Phillip Johnson who coined the term “International Style”
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Technological advances have allowed us to build anything without concern for 
how it should be economically/environmentally heated and cooled.



Conventional construction: 
Boxes hooked up to life support

In Florida turn the 
dial one way, 

in Waterloo turn 
it the other.  

Think Building Green.com



Florida
Conneticut
New Mexico

ARIZONA

FLORIDA

NEW MEXICO

CONNECTICUT



Chicago DubaiShanghai

GLOBALIZATION



Chicago DubaiShanghai

GLOBALIZATION

COLD HOT HOTTER



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



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 BCE

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



This is the required reading that accompanies today’s lecture.

1960



1962

This book launched environmental consciousness in the 
20th century.

Rachel Carson connected the negative health impact of 
DDT (pesticide) on human health.

Surprisingly before that time people didn’t appreciate that 
you sprayed it on plants, it rained, the rainwater entered 
the ground, ended up in ponds, cattle drank the water, and 
people ingested DDT.



1963

Victor Olgyay establishes the relationship between original 
indigenous practices, building form, climate (based on  
Fitch and Branch) and human comfort.

2015

The second environmental movement demanded a 
reprint to the out of print original text.

Olgyay’s basic ideas about climate and its relationship 
to HUMAN COMFORT were to become the basis for 
thinking in current sustainable design.



Victor Olgyay, 1963, 
introduced the concept of 
the COMFORT ZONE.

There is little point of 
saving energy if the 
building is not 
comfortable for the 
occupants.

You can have reasonable 
comfort without heating 
or AC.



Occupant thermal comfort was never a priority in highly formal projects like these. Mies
didn’t even want the owner to install drapery! The windows are all sealed. No natural 
ventilation. No built in shading. The majority of modern buildings were constructed sealed.

Farnsworth House, 1945-51



1979

The 1970s saw a surge in interest in the design of solar 
responsive buildings. Edward Mazria’ book became the 
basis of work in this area.

2009

Mazria founded architecture2030 and challenged all 
architects to design to zero carbon operating energy by 
the year 2030.

https://architecture2030.org/

https://architecture2030.org/


1969

Ian McHarg looks at the 
relationship of landforms to 
planning decisions.

Works against the modern notion 
of eradicating the landscape.

1995

The out of print book is 
resurrected as its ideas become 
the basis of current sustainable 
practices in development ideas.



1984

This important text looked at the failure of 
Modern Architecture as it became reliant 
on mechanical heating and cooling 
systems.

The abandonment of good building 
practices that had environmental benefits.

Reyner Banham was a highly respected 
writer and so had a lot of influence.



1987

This seminal text looked at historic 
architecture from around the world.

It didn’t have an environmental focus, 
necessarily, but was looking at 
building practices that were less 
formally driven.

Buildings that relied on local 
materials, ideas and skills.



1997

Janine Benyus introduces the concept of Biomimicry.

The larger idea is that nature has already solved so many 
problems that people/technology struggles to solve.

If we closely examine how nature does things, we can figure out 
how to adapt these functions to our own fabricated objects.



2002

William McDonough and Michael Braungart put for 
the idea that instead of objects being inevitable 
trashed, that we can change the way we make 
things to make use of waste to make new objects. 
All materials have value and all are limited in 
availability.



Many efforts have been made to get the 
countries of the world working to slow down 
climate change

None have been very effective

Much of the disagreement lies in disparity in 
population density, poor vs rich countries, 
developed vs developing countries

Developing countries do not think it fair to 
thwart their “progress” towards having 
lifestyles equal to developed countries.





Industry
39%

Transportation
30% Buildings

29%

Agriculture
2%

These values look at Secondary Energy Use by Sector in Canada (2006)
(energy used by the final consumer i.e. operating energy)

The Global Warming Pie

Buildings and the layout of our urban environments 
are responsible for climate change.

Engineers and architects are the professionals that 
must learn and apply better ways of designing 
buildings to reduce their greenhouse gas emissions

This means reducing their operating energy 
requirements and dependence on fossil fuels

Ecological justice: it is the poor and marginalized 
that are the worst impacted by climate change. 
Desertification, floods, extreme weather events.



Emissions and their Sources



1983

19931985

1991

1980

2006

All of these authors are colleagues. 
They work at different universities.
I am friends with all of them through 
my work with SBSE.

SOCIETY OF 
BUILDING SCIENCE 
EDUCATORS



Why do we build buildings, NOW???
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 (due to the invention of HVAC) expect to be held at a constant 
level of COMFORT, in spite of the weather or location (in the world).



Climate and 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.



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 and engineer’s problem is to produce an 
environment that will not place undue stress upon the body’s 
heat-compensation mechanism

• It is NOW our task 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 –
thereby reducing demand for fossil fuels and lowering CO2 levels



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



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??

We need our buildings to not 
only create comfortable indoor 
environments, but also pleasing 
and useful spaces outside of our 
buildings.



In a hot climate, 
where do people 
choose to sit?

Conversely when it is 
cold, people sit in 
the sun.



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 have been 
accustomed to striving  
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 normally has called for 
mechanical and electrical intervention!!

i.e. $$$ and fuel and CO2 emissions



Climate as the Starting Point
for a

Climate Responsive Design



Designing for solar 
conditions requires that 
you are aware of the 
orientation of the site. If 
you don’t have one of 
these on your plan from 
the beginning, then, you 
are not aware.

There are many different 
ways to create graphic north 
arrows to put on your 
drawings. It is important for 
your thinking process to be 
sure that you always have 
one there, so that you keep 
orientation in mind at all 
times.



Weather and Climate:
The weather of the world 
varies by location as relates 
to the distance from the 
equator and as influenced by 
aspects of geography such as 
the trade winds, adjacency to 
bodies of water, elevation, 
etc.

The earth’s atmosphere helps 
to moderate the climate to 
prevent radical shifts in 
temperature from season to 
season and day to night.



Koeppen’s Climate Classification

The Köppen climate 
classification is one of the 
most widely used climate 
classification systems. It was 
first published by the 
German-Russian climatologist 
Wladimir Köppen (1846–

1940) in 1884, with 
several later modifications by 
Köppen, notably in 1918 and 
1936. Later, the climatologist 
Rudolf Geiger introduced 
some changes to the 
classification system, which is 
thus sometimes called the 
Köppen–Geiger climate 
classification system.



A Timeline of Air Conditioning
Ancient Egypt: Ancient Egyptians are vaguely credited as being the first to use evaporative cooling by hanging wet cloth or reeds in 
windows and doorways. As the wind blew across the wet materials, the air in the home would be cooled.
Ancient Rome: Aqueducts As Air Conduits
Wealthy citizens learn to route aqueducts through the walls of their homes. The circulating water has evaporative qualities that cool the air.
1758: Scientists Connect The Dots
Benjamin Franklin and John Hadley discover the science of evaporation.
1851: A Pioneer In Refrigeration Emerges
Dr. John Gorrie receives a U.S. patent for his invention that uses air blown over ice to cool hospital rooms. His idea was based on the theory 
that hot air in hospitals contained sickness, so cooling the air would create a healthier environment.
1902: The Advent Of The Commercial Air Conditioning System
Willis Carrier invents a machine in 1902 that blows air over cold coils to control air temperature and humidity. The goal is to de-humidify the 
air so that paper doesn’t wrinkle and ink stays fresh. Carrier founds the Carrier Air Conditioning Company of America.
1914: The First Residential Air Conditioner Installed
The first in-home air conditioning unit is installed in a Minneapolis mansion. The machine is seven feet tall and twenty feet long.
1931: The Window Unit Invented
H.H Schultz and J.Q Sherman invent the first window unit air conditioner. The cost of a unit (in today’s money) would be up to $600,000.
The 1950s: Home Air Conditioners Gain In Popularity
Residential air conditioners catch on in suburban homes.
The 1970s: Central Air Becomes Standard



World Climate Regions

Introduced in modern times by Fitch and Branch in 1960. Reinforced by Olgyay in 1963. 
Still the basis of current thinking, except for more subtle variations in the north.



Climatic Regions in North America
It is generally agreed that indigenous 
North Americans 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, they 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.

IGLOO

PUEBLO

TEEPEE



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.



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



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



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.



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



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



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 requires more thoughtful water use...



INDIGENOUS STRATEGIES

FOR RETHINKING ARCHITECTURAL DESIGN

COLDHOT-ARID

HOT-HUMID TEMPERATE



Climate and Indigenous Housing
Olgyay took the Fitch/Branch 
idea of climate and indigenous 
housing and analyzed roof 
types.

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.

• Vaulted roofs are lesser used 
and more style/material 
specific.





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 earlier 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 BUT 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.



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 (appropriate) and new 
(inappropriate) materials.



COMFORT IS THE GOAL

Comfort was possible before the invention 
of mechanical systems

Comfort can again be possible if we 
closely examine historic strategies and 
best practices and modify/apply them to 
contemporary buildings.



“…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/engineers 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.



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.

That said, don’t expect to wear a tank top and shorts inside in the winter.



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.

LESSON: Warm air rises. People typically occupy the area close to the 
floor, the volume at the ceiling is warmer. Taller ceilings, more volume 
to heat.



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.



• Early settlers made houses 
out of solid hewn logs, with 
mortar or mud in the cracks 
to keep out the wind.

• They whitewashed the 
interiors to reflect light 
better as they only had coal 
lamps and candles.

• Later buildings used brick 
and enlarged windows as 
glass became available.

• Taller ceilings – so hot air 
rises.

• No insulation as the walls 
were load bearing.



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.



MAJOR LESSON FROM TEMPERATE:

• Design the envelope to allow seasonal 
changes

• Natural ventilation in the summer
• Close it down in the winter
• Contemporary equivalent would be 

operable windows and a level of solar 
control that changes throughout the year.



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







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



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



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 BASED STRATEGIES

FOR RETHINKING CONTEMPORARY 
ARCHITECTURAL DESIGN

COLDHOT-ARID

HOT-HUMID TEMPERATE



Bio-climatic Design:

Design must first acknowledge regional, local and microclimate impacts on the 
building and site.

Image: 1963 “Design With Climate”, Victor Olgyay.

COLD

TEMPERATE

HOT-ARID

HOT-HUMID

PASSIVE  – BIO CLIMATIC DESIGN



What is Passive Design?
Start by seriously acknowledging the climate – sun, wind, light, temperature and relative 
humidity range

Design the building to:
• Let the sun in when it needs heat, without having to modify anything
• Prevent the sun from entering when it is unwanted and you need cooler interior 

temperatures
• Light the building from available daylight and avoid turning on the electric lights
• Allow natural breezes to flow through the building to cool it and bring fresh air/oxygen
• Design the walls to (in cold climates) avoid heat flow through them (by insulation)
• Design your roof to naturally shed water/snow – even include overhangs for shading

Important to locate the sun and orient the building properly



Low Hanging Fruit

Initial site and climate based design 
decisions that really cost nothing but 
will benefit the project: climate, 
orientation, adjacencies, massing, 
landscaping

Extra insulation, better windows, 
thermal mass, shading devices.

Expensive systems such as PV, micro 
wind turbines, various mechanical and 
electrical equipment
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If the ultimate goal is to be able to use 
renewable energy to reduce dependence 
on fossil fuels, then the load has to be 
light. 

Imagine expecting to run a Hummer with 
photovoltaics?



Climate Consultant

• In the same way that we check the Official Plan, Zoning By-laws and 
Building Code before commencing a design, we  must also check 
the climate information

• A free online software that is used for validating the climate of a 
location

• http://www.energy-design-tools.aud.ucla.edu/climate-
consultant/request-climate-consultant.php

• Uses EPW weather data, available from this site:
• https://energyplus.net/weather

http://www.energy-design-tools.aud.ucla.edu/climate-consultant/request-climate-consultant.php
https://energyplus.net/weather


Bio-climatic Design: COLD

Where WINTER is the dominant season 
and concerns for conserving heat 
predominate

RULES:
- First INSULATE
- exceed CODE requirements
-build tight to reduce air changes
- Then INSOLATE (let the sun shine in for 
free heating energy)
- roof sloped to shed rain and snow
- roof overhangs for shade during 
summer

YMCA Environmental Learning Centre, Paradise 
Lake, Ontario









Cold climate is the most 
challenging in terms of 
preventing potential building 
envelope damage due to 
snow and moisture.



If spans are short enough, 
sloped roofs provide the best 
solution to prevent excessive 
snow accumulation that 
could cause a collapse.

Sloped roofs are also the 
best for shedding rainwater.



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.



Traditional 
methods of 
holding snow 
on roofs are 
now required 
by building 
code to prevent 
slides onto the 
public.



Solar Geometry

I will talk more about the impact of solar orientation 
during the Façade lecture later in the term.



Better solar access is possible with east-west street sections as the 
south face of the building will get sun for most of the day. Street 
spacing is adjusted so that the buildings do not block each other’s 
south light when the angles are lowest in the winter (for good design).

Solar Access



For more complicated sections, the building height and section is 
adjusted to allow south light to penetrate into various exposures of 
the building -- in this case through courtyards and clerestory windows.



Street Layouts

• In cold climates the shadows and 
sun angles are the lowest in the 
winter when we really want to let 
the sun/heat in

• Buildings must be spaced far 
enough apart so that they don’t 
shadow each other

• The sun angles are low enough 
though that the sun will penetrate 
deep into the building if the 
windows are properly located.



Aldo Leopold Legacy 
Center
Baraboo, Wisconsin

The Kubala Washatko
Architects
LEEDTM Platinum 2007



 Establish solar budget:
3,000 photovoltaic array; 50,000 kWh per year
 Set maximum building energy demand to fall
within solar budget:

8,600 Sq. Ft. building; 5.7 kWh per SF per year

A $US250,000 PV array was included 
at the outset of the project budget 
and the building was designed to 
operate within the amount of 
electricity that this would generate.



Climate Analysis

A complete climate 
analysis was conducted 
prior to any design 
work being conducted.



A solar analysis 
and ongoing 
solar analyses 
were conducted 
to ensure that 
the sun use for 
heating and solar 
avoidance were 
being 
maximized.



The South 
elevation is 
designed to 
capture energy.

The North 
elevation is 
designed for 
thermal 
resistance, 
daylighting and 
ventilation.



The buildings 
were arranged 
in a U shape 
around a solar 
meadow that 
ensured access 
to sun for 
passive solar 
heating and 
energy 
collection.



• Start with bioclimatic 

design

• Program Thermal Zones

• All perimeter zones (no 

interior zones – skin load 

dominated building)

• Daylight all occupied 

zones

• Natural ventilation in all 

occupied zones

• Double code insulation 

levels

• Passive solar heating

• Shade windows during 

summerPassive Heating

Passive Cooling



May 9, 2007

3:45 pm CDT

Basic first tier principle of HEAT AVOIDANCE.

Summer sun Summer sun

Winter sun Winter sun Passive cooling 
strategies use a 
combination of roof 
overhangs to shade the 
windows during the 
summer in combination 
with operable windows 
to promote natural 
ventilation.



Wall types and insulation levels are varied 
as a function of orientation and exposure



Bio-climatic Design: HOT-ARID

Where very high summer temperatures
with great fluctuation predominate with 
dry conditions throughout the year. 

RULES:
- Solar avoidance : keep DIRECT SOLAR 
GAIN out of the building
-respect the DIURNAL CYCLE
- use heavy mass for walls
- keep windows small
- keep colours light and reflective
- roof can be flat as nothing to shed

Traditional House in Egypt







In hot dry (arid) climates 
windows are kept to a 
minimum to prevent the sun 
from entering the building. 

Bright stucco finishes are 
used to reflect light and keep 
the environment bright.

Sperlonga, Italy



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.



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



Cairo, Egypt

• Standard 
construction is a 
reinforced 
concrete frame

• same column size 
bottom to top

• Brick or tile infill
• Add floors as you 

have money
• See the rebar 

sticking out the 
top of the frame



• Exterior finishes 
applied as you can 
afford them

• Air conditioners 
added as you can 
afford them

• This is one of the 
least efficient ways 
to cool buildings as 
it is very high in 
energy costs and 
the AC units 
themselves 
produce heat as a 
waste by-product, 
making the city 
warmer



Courtyard buildings:

Courtyards are used in hot arid climates 
and work well because sun can warm these 
spaces in cooler months. 

Courtyards do NOT work well in cold 
climates because of low winter sun angles.



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.



Modern building being 
marketed as a “pueblo” -
“modern climate conscious 
adaptation”

Note light colours to reflect 
the light and heat.

Limited window openings 
to prevent excessive solar 
heat gain.

Use of masonry as it can 
work with a diurnal (hot 
day/cool night) cycle.



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.







In hot arid 
climates where 
wind/ventilation 
is not desired, 
city layouts are 
very dense and 
work with 
overshadowing to 
create coolth.

Narrow shaded 
streets.

Hot-Arid

Street Layouts



In these urban layouts it is desired NOT to have solar access to the 
courtyards in order to avoid heating the space.

Hot-Arid



Kasbah, Tangier, Morocco



Bio-climatic Design: HOT-HUMID

Where warm to hot stable conditions 
predominate with high humidity
throughout the year. 

RULES:
- SOLAR AVOIDANCE : large roofs with 
overhangs that shade walls and to allow 
windows open at all times
- PROMOTE VENTILATION
- USE LIGHTWEIGHT MATERIALS that do 
not hold heat

House in Seaside, Florida







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.



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.



In hot humid climates 
a very dispersed 
layout is desired to 
maximize the ability 
of any available 
breezes to cool the 
town and its 
buildings at all times.

Hot-Humid

Street Layouts



Savannah uses a 
combination of 
regular streets 
and vegetated 
squares to help 
keep the city 
environment 
cool.

Hot-Humid

The plan of Savannah, 
Georgia uses large green 
spaces and squares to 
disperse the buildings.

Intense plantings create a 
cooler micro climate through 
shade and the action of 
vegetation.



Savannah, Georgia



Large homes in the southern USA adopted a strategy of 
large covered porches to escape the interior heat.
Shaded courtyards for private interior spaces.
No corridors as people went outside to move from 
room to room, allowing flow through ventilation in all 
of the rooms.

The imported European 
style architecture that 
arrived in New England was 
eventually modified in the 
south.



Southern plantation houses with large shaded porches.



View from the freeway, Marina Bay, Dubai









Whether intentional, or accidental, the 
dense layout of the skyscrapers in 
Marina Bay results in shade at ground 
level and a much cooler street 
environment than a more dispersed 
layout would have achieved.



View from the Burj Khalifa, Dubai



The Louvre in Abu Dhabi by Jean 
Nouvel uses massive shading devices 
to protect the outdoor spaces from 
the sun. Natural breezes flow 
through. The actual museum rooms 
are housed in fully conditioned 
spaces as the artifacts demand this 
control.



Bio-climatic Design: TEMPERATE

The summers are hot and humid, and 
the winters are cold. 
The four seasons are almost equally 
long.

RULES:
- BALANCE  strategies between COLD 
and HOT-HUMID
- maximize FLEXIBILITY in order to be 
able to modify the envelope
- sloped roofs for rain
- overhangs for shade
- operable windows for ventilation

IslandWood Residence, Seattle







IslandWood is an education center, 
on Bainbridge Island near Seattle, 
Washington. It was awarded LEEDTM

Gold Certification in 2002.

Mithun Architects

KEEN Engineering (Stantec)
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•Exploration of passive heating systems
•Solar orientation, creation of “solar meadow” to ensure solar gain
•Large overhangs to prevent overheating
•Natural ventilation
•Solar hot water heating
•Photovoltaic panels



Porch zones that are covered to allow use 
during rain events which are pretty common in 
Seattle.



•Rainwater collection 
from all roofs – use water 
for irrigation
•Composting toilets
•Waterless urinals and 
low flush toilets
•Living Machine to treat 
blackwater to tertiary 
level of purification



Extensive use of 
natural materials 
like wood

Spaces use 
natural lighting 
where possible 
to cut down on 
use of electricity
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