
Desert • uSing 
Balancing Experie:rlce and Technology .fo.r Dwelling in Hot Arid Zones 

Kenneth N. Clark and Patric~a Payioree editors 



o o <
 

CD
 .... o CD
 

(f
) 

CO
 

::::
J 



C
) 

en 
Q

) 
c: 

C
 

0 
N

 
.-

'tJ 

en 
.
~
 

c
( 

::s 
- 0 

0 
::t c::: 

l: 
C

) 
c: 

G> 
.. 

~
 

C
 

~
 

... 
CV 

0 
->

. 
en 

C
) 

0 

CV 
(5

 
c: 

C
 

.c 
CJ 
Q

) 
.... 'tJ 
c: C'CI 
Q

) 
CJ 
c: Q

) 
.
~
 

Q
) 

Q
. 

>< 
W

 
C

) 
c: 
.(3 
c: 
.!!! C'CI 
CD 



U
 

\ 

c.o
 

ex
> o 

-
t
o

-
t
 

C
"
'
T
1
~
 

()
 

"'T
1 

CD
 

go
5=

 
-

m
-·

 
<

 
~
o
~
 

N
·

"'T
1 
~
.
 

g 
~
-
<
 

0
) 

JJ
 

0 

6
; 

r 
~

. 
~
o
 

Z
::

J 
0

0
) 

(j
) 

(j
) -t
 

C
 o m
 

(j
) 

~
 

JJ
 
~.

 
~ 

0 
o 

::J
 

C
 

0
) 

""
"I

 
(
)
 

CD
 

en
 o o 3 3 - CD CD
 



Desert Housing 
Balancing Experience and Technology for Dwelling in Hot Arid Zones 

Kenneth N. Clark and Patricia Paylore, editors 



The Seminar Series on which this publication is based was made 
possible by Grant AID / T A-G 1111 to the University of Arizona 
Office of Arid Lands Studies, from the Office of Science and 
Technology, Development Support Bureau, U.S. Agency for 

International Development 

Copyright © 1980 Arizona Board of Regents 



Acknowledg ments 

The Editors wish to express their thanks to the University of 
Arizona's Arid Lands Natural Resources Committee. 
particularly its Chairman. Dr. William G. Matlock. for his 
unfailing courtesy. interest. and support. and to Vice-President 
A. Richard Kassander for making funds available to the 
Committee for certain publication costs associated with the 
preparation of the book in hand. 

We should be remiss were we to fail to acknowledge the 
assistance of Peter Niederman who prepared most of the 
architectural drawings displayed throughout the various 
chapters. 

To our secretary. Mary Tidwell. who prepared the camera-
. ready copy by building the text around the numerous 

illustrations. and who worked and worked and worked. 
never complaining about our re4uests to accommodate the 
several formats with which we experimented seeking to find 
what we believed would meet the exacting standards we had set 
for ourselves. who took an almost proprietary interest in its 
contents. we offer our very best thanks. 

Finally. to our contributing authors. whose original 
manuscripts and subse4uent cooperation were vital to this 
project. we express our gratitude. 

Tucson 
January21.19XO 

knc/pp 



Contents 

ACKNOWLEDGMENTS 

Patricia Pay lore FROM CAVE TO CAVE: AN INTRODUCTION v 

Gideon Golany POLICY TRENDS IN AND PROPOSED STRATEGIES FOR 
ARID ZONE DEVELOPMENT 

Traditional Policies 3 
New Trends 4 
Strategies for Settling Arid Zones 6 

James D. Miller LANDSCAPE ARCHITECTURE FOR ARID ZONES 15 
Solar Radiation 17 
Wind 29 
Water 35 

Baruch Givoni DESERT HOUSING AND ENERGY CONSERVATION 49 
Climatic Features Relevant to Housing 52 
Principles for Neighborhood Planning 55 
Architectural Principles for Desert Housing 60 
Building Materials for Desert Housing 64 

Mark Frederickson AN ARCHITECTURE OF MINIMUMS 73 
Rural-to-Urban Transition 77 
Vernacular Housing Design Solutions 81 
Shelter Design 86 

David G. Saile DWELLINGS IN CULTURAL CONTEXTS: EXAMPLES 
FROM ARID ENVIRONMENTS 95 

Some Architectural Studies 97 
Implicit Houses in Implicit Landscapes 100 
1m plications. . . Questions 109 

Paul G. McHenry, Jr. ADOBE COMES FULL CIRCLE 113 
The Past 115 
The Present 117 
The Future 119 

John Peck CLEARVIEW SOLAR COLLECTOR SPACE HEATING 
SYSTEMS WITH INTEGRATED EVAPORATIVE COOLING ·135 

Passive Systems 138 
Hybrid Systems 139 

ii Active Systems 143 



Harris J. Sobin 

Jeffr~y Cook 

Michael E. Bonine 

Robert B. Bechtel 

Ricardo Legorreta 

Frank L. Moreland 

Robert Stromberg 

David A. Wright 

Kenneth N. Clark 

LE CORBUSIER IN NORTH AFRICA: THE BIRTH OF 
THE BRISE-SOLElL 

MICROCLIMATES IN DESERT HOUSING 
Arid Settlements 
Desert Microc1imates 
Patchwork Cities 
Energy Balance Simulation 

ARIDITY AND STRUCTURE: ADAPTIONS OF 
INDIGENOUS HOUSING IN IRAN 

Compact Settlements and Housing Orientation 
Extensions of the Traditional Iranian House 
A Traditional Wealthy Yazdi House 
Iranian Houses and Indigenous Building 

Technology 

SHAY GAP, AUSTRALIA: DESIGN AND EVALUATION 
OF A DESERT MINING TOWN 

Schematic Plan 
Post Occupancy Evaluation 

DESERT HOUSING IN BAJA CALIFORNIA 
Designing for Arid Zones: 

The Egyptian Example 
The Cabo San Lucas Example 

EARTH SHELTERED HOUSING 
Studies in Housing Alternatives 
An Example of an Earth Covered House 

TEST DATA FROM TWO PASSIVE SOLAR HOUSES 
Unit I, First Village 
Atascadero House 
Rules of Thumb for Passive Solar Heating 

TWO NATURAL SOLAR HOUSES 
The Terry Residence 
Suncave (The Fitzgerald Residence) 

DESIGN CRITERIA FOR DESERT HOUSING 
Rationale 
Design Criteria 
Directions for Future Development 
Summary of Design Criteria 

177 
179 
180 
189 

199 
204 
206 

214 

224 
230 

240 
240 
243 

257 
265 

275 
283 
292 

302 
306 

315 
317 
318 
320 

153 

175 

193 

221 

237 

251 

271 

299 

313 

III 



• 
""

!' 
=:::

 
:II

" 
~
 

~ " 
~ 

l 
" 

t:J
 

~
 

a. 
~
§
~
 

t:;"
 

Q
Q

.:
::

::
 

~
 

s:::
 

..
. 

'0:
: 

l 
~
 

Q
 

" 

~
 

s" 
... Q

 
~ 

~
 

.... 
" 

§ 
~
 

Q
. 

... 
::.-

~ ... 



From Cave to Cave: An Introduction 

Patricia Paylore 

Patricia Paylore earned the B.A. (1929) and 
M.A. (1930) degrees from the University of Arizona, 
and attended the University of Illinois' Graduate 
Library School (1930). She had a 35-year career 
in the University of Arizona Library before leav
ing in 1964 to join the newly established Office 
of Arid Lands Studies as Research Associate 
(1965-1969), later Acting Director (1970), and 
finally Assistant Director (1971-1979). She is 

.presently Editor of its Arid Lands Newsletter. 

Her interests focus on bibliographic resources 
for world arid lands, using the international 
network of correspondents she created in the 
years when she was establishing the original Arid 
Lands Information System (ALIS), now discontinued. 
Nevertheless, her activities on behalf of the 
International Geographical Union's Working Group 
on Desertification and her recent collaboration 
with the BBC on a desert documentary maintain her 
interests in arid lands information. She has been 
co-editor of Deserts of the World and Food, Fiber 
and the Arid Lands, compiled two editions of 
Arid Lands Research Institutions: A World Direc
tory, and is the author of numerous articles on 
arid lands topics. 
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Tucson residence, built in 1953, showing movable sunshades 
(Arthur T. Brown, architect> 

-photo by Bill Sears 



FROM CAVE TO CAVE: AN INTRODUCTION 

Patricia Paylore 

The April 1977 issue of Sunset carried an 
article entitled "Tomorrow's House? It's entirely 
solar-heated and it's half underground,"* which 
might serve as a theme for this book, even though 
the example given was not for a desert area. 
What it does prompt in the reader's mind, never
theless, is a vision of the future for us all, 
a belated expression of the lurking admission 
that all is not well, that we need a new 
direction, a new philosophy, a new understanding 
of our time and the elements that will shape it, 
with or without us. 

The or1g1ns of this book are now forgotten 
by all except this editor, who, on September 
12, 1977, wrote an impassioned plea to a 
University of Arizona committee which was 
calling for faculty suggestions for inter
disciplinary seminars, to consider the topic 
of arid lands housing, citing international 
attention growing out of the UN's Vancouver 
'Habitat' conference, the energy situation, 
and a healthy recognition of the errors of 
high technology, not only in the Third World 
but her~ at home as well. Such a series, I 
pleaded, would be an admirable way to capitalize 
on timing, the University's international arid 
lands reputation, and the opportunity to draw 
into the matter the College of Architecture 
to make it truly interdisciplinary. 

• Sunset Magazine 158 (4) 132-134. 

The seminar series was approved, and was 
subsequently structured by my colleague and 
co-editor, Kenneth N. Clark, architect and 
Associate Professor, College of Architecture, 
University of Arizona, who was appointed chairman 
of the 14-week series and who chose the experts 
who came to Tucson to lecture to overflowing 
audiences of University students, community 
architects, and many others who hoped to find 
the stimulation necessary to jog them and their 
architects from the comfortable lethargy that 
had overtaken us. The. result was a lively new 
awareness of what was perceived as a worldwide 
desert communities' need for a philosophy of 
habitat that reflected energy savings, use 
of indigenous materials, desert-oriented land
scaping, and innovative design. 

So here's the book, offspring of the 
combined talents and interest of all contributors, 
including several commissioned to do additional 
sections beyond those covered by the original 
seminars. Lectures, of course, do not a book 
make, so what you have in hand goes far beyond 
what those entranced audiences heard. It is 
not in any sense the usual proceedings-type 
book that simply gathers up all the manuscripts 
from which the lectures were delivered and passes 
them on to a printer. It is, rather, a mix 
of the theoretical and the practical, of the 
whole house, from its microclimate to its site 
to its landscaping to its materials to the 
psychology of the person who will inhabit it, 
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and beyond -- to the intangible considerations 
that make a house something more than shelter 
from the elements. 

To this end we have chosen a framework 
that provides ideas, choices, and design detail: 

1) contributions to theoretical aspects 
that focus on: 

• policy trends relating to site 
selection, economic development, 
health, agriculture in new arid zone 
settlements 

· climate as it affects buildings and 
occupants, including the potential 
for modifications that conserve 
energy and create conditions for 
thermal comfort 

• psychological perceptions coming to 
the fore in the wake of trends toward 
appropriate technological developments 
in conservation 

2) choices deriving from technological 
advances as well as from: 

• recognition of ancient desert 
building rituals and spatial concepts 
that persist successfully 

• microclimates 

• passive solar structures, full and 
semi-underground design, orientation, 
materials 

3) design detail offered by way of: 

• contributions on specific operational 
underground projects 

· building codes and their restrictive 
effect on innovative design 

solar applications other than passive 

• greenhouse-type houses 

• potential for remodelling existing 
structures to meet new criteria 
for conservation and comfort 

We hope you will agree with us that we 
have succeeded in pulling together in readable 
form these disparate interests, otherwise 
operating independently, that are required before 
a cohesive pattern of housing development can 
be created that answers all of man's shelter 
needs. Here you will find what will increasing
ly become paramount in future desert developments: 
the necessity for planning entire new communities, 
with the very special circumscriptions that 
derive from the arid climate. You will find the 
too-often forgotten debts the future will owe 
to those who have gone before us. You will find 
very explicit descriptions of indigenous materials 
and of ways to use the environment to protect 
and create habitat that is not only comfortable 
but that can be beautiful as well. 

You will find examples of real houses in 
which people are living happily and inexpensively, 
houses built of adobe, solar heated and cooled, 
some with private greenhouses attached, some 
with passive or hybrid systems for which there 
are design detailed descriptions and performan(' 
data. You will find help for landscaping 
desert houses to achieve those aspects we 
normally think possible only by the use of 
water-loving plants we were accustomed;to 



elsewhere. You will even find out that it is 
possible to create movable towns successfully 

All of us involved, not only the two 
editors, but the Chairman of the Arid Lands 
Natural Resources Committee which sponsored 
publication of the seminar series, Dr. William 
G. Matlock, are confident that 'our' book will 
go some distance in meeting the worldwide 
current need for a new understanding of the 
changes confronting us in housing in the 
desert world beset with problems of in-migration 
from rural areas to urban centers and all 
the associated ills where lack of minimal 
habitat contributes to the creation of over
night slums. The unexpected response from 
Tucson's professional community to the series 
on which this publication is based is, we 

believe, a demonstration in microcosm of that 
to be expected from the wider spectrum of those 
waiting for the stimulation and help that such 
a book provides. 

Housing for the arid environment takes a 
special kind of understanding of components, 
to concede that we may have to jettison out
moded ideas that no longer fit the realities 
of our times. The influx of people to world
wide sun zones, bringing with them unsupport
able demands for amenities that our finite 
resources (excepting only solar energy) cannot 
tolerate, must be persuaded otherwise. The 
challenge to architecture at this turning 
point is an exciting one which we are glad to 
share with you through the pages that follow. 
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Policy Trends in and Proposed Strategies for Arid Zone Development 

Gideon Golany 

Gideon Golany is Professor of Urban and 
Regional Planning in the Department of Archi
tecture, Pennsylvania State University, since 
1970. He received his B.A. (1956), M.A. (1962), 
and Ph.D. (1966) degrees from the Hebrew 
University, Jerusalem, the M.Sc. (1965) degree 
from Technion-Israei Institute of Technology; 
and a Dip. C.P. from the Institute of Social 
Studies, The Hague. 

Dr. Golany has taught at the Technion, 
the Virginia Polytechnic Institute and State 
university, and Cornell University's Department 
of City and Regional Planning, and has served 
as consultant and planner. He is also a founder 
of a Kibbutz in the arid zone of southern 
Israel. H~s research interests relate to plan
ning for new communities in arid and sewiarid 
zones, neighborhood planning, patterns of human 
settlement, quantitative methods of land-use 
planning, and subterranean settlements in arid 
zones. These interests are reflected in 
numerous books he has written or edited. 
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Settlement, central Iran -photo by Michael E. Bonine 
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POLICY TRENDS IN AND PROPOSED STRATEGIES FOR ARID ZONE DEVELOPMENT 

Gideon Golany 

Our discussion of arid zones is primarily 
concerned with the type characterized by a hot 
dry climate where the average rate of precipi
tation is much lower than that of evaporation 
and does not support non-irrigated farming; 
where the rate of radiation is high, especially 
in summer, and where the amplitude between day 
and night temperatures is very high. 

The importance of this arid zone lies in 
its potential for agriculture, recreation, sup
plying energy (especially solar and wind), good 
air navigation, mining of natural resources, 
and most importantly the establishment of new 
settlements. The significance of the different 
types of arid zones can be seen if we consider 
their position on our globe: one-half of the 
world's nations are composed entirely of or in
clude within their borders an arid zone, 15 
percent of the world's population and one
third of its land mass are in the arid zone, 
22 percent of all potential arable land (700 
million hectares) is in the arid zone, and 
finally', most of the world's oil reserves are 
within dr adjacent to arid lands. 

Policies for Arid Zone Development 

Since man's earliest years, many of the 
most impressive societies have developed in 
the world's arid zones, among them being the 

hydraulic civilization of the Middle East. 
Today, because much of the arid zone's popula
tion is concentrated in poor developing coun
tries, there is need on the national, regional, 
and even international levels to recognize 
their needs and aspirations through formulation 
of development policies. 

Traditional Policies 

The traditional policy for arid land de
velopment, one commonly adopted by many of the 
world's arid countries, has focused primarily 
on: 

1) either coexistence with the nomadic popula
tion, with support or subsidies provided to the 
nomadic economy, or sometimes an attempt to re
settle the nomads without a substantial compre
hensive plan 

2) exploitation of natural resources for short
term economic benefits (to the public and private 
sectors) without the preparation and implemen
tation of a comprehensive plan capable not only 
of avoiding environmental depletion but of im
proving local residential life as well 

3) use of the arid and semiarid land for agri
cultural experimentation (food production) under 
high risk conditions 

3 
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4) with the exception of a few countries, 
little or no research in the development of 
the arid zone 

5) an autarkik economy which, by definition, 
is not export-oriented 

Unfortunately as a result of these character
istics, stagnation and low economic growth 
for the most part have tended to dominate 
arid lands development. 

New Trends 

Several trends are visible: 

1) It has become clearer and clearer in 
many countries in the arid zone that the 
zone's potential is not to be found primarily 
in agriculture where the land and scarce 
water pose problems, but rather for hetero
geneous land uses, with agriculture being only 
one. In addition, it has also become clear 
that arid zone agriculture necessitates not 
only highly sophisticated technology but 
above all else, comprehensive regional plan
ning so that agriculture's revival can be 
supported by other economic activities such 
as industries related directly to agriculture 
(food packaging industries, for instance), 
services and amenities required by agriculture, 
including the construction of infrastructure 
and its maintenance, and a transportation 
system guaranteeing supply and delivery through 
a marketing network. 

2) A second new trend in arid zone develop
ment policy has also resulted in a large diver
sion from agriculture toward the exploitation 
of energy resources, especially evident after 
the world fuel crisis of 1973. One of these 
new resources is solar energy, the freest, 
most readily available, and most unlimited 
energy in the arid zone. (To a lesser extent, 
attention has been drawn to the potential of 
wind energy which is also available in- many 
arid zone regions.) Although more research 
and technology are needed to develop sophis
ticated and economical systems permitting large 
scale use of solar energy in industries and 
services, it is already evident that we are 
able technologically and economically to use 
solar energy on a household scale. In the 
United States, a dehydrated food industry 
using solar energy now exists, pointing to 
future possible uses of solar systems beyond 
the level of the individual dwelling. 

3) The third new policy trend in arid zone 
development is the building of new settlements, 
especially urban ones, as well as the growth 
of older urban settlements such as Phoenix 
and Tucson, Arizona, for example, two of the 
most rapidly growing cities in the United 
States in the past decade. And although new 
cities have been built in the arid zones of 
Iran, Pakistan, Israel, and Australia, to name 
only a few, lack of sufficient knowledge in 
planning and constructing cities in the stress
ful climate of the arid zone is unmistakably 
visible. Considerable research and experi-



mentation is needed, therefore, if we are to 
attain ~ufficiency and establish acceptable 
norms for arid zone planning and building. 
In doing this, we have one major asset: the 
lessons to be learned, if we will, from cities 
built by ancient arid zone civilizations. 

This third new trend also entails devel
opment of a wide variety of settlement types 
in the arid zone: urban centers, agrarian
industrial villages, recreational villages, 
mining (but not isolated) towns, and finally 
settlements planned on a regional basis 
featuring mutual inter-related economic and 
social services. 

4) A fourth important policy trend in the 
arid zone is related to the growth of tourism 
and recreation, as shifts in the vacation 
season from the traditional summer to year
around provide opportunities for residents 
from the increasingly prosperous non-arid 
developed countries to indulge their search 
for the sun. Arid zone developing countries 
will thus find recreation an important in
gredient in their economic development. While 
this will be particularly true of coastal 
desert areas, not to be overlooked are the 
archeol~gically fascinating sites of ancient 
settlements located in remote inland areas 
that provide a magnet for the traveler. 

In general, these and other new trends 
in the development of the arid zones point 
to the following recommendations: 

1) The economy must be diversified rather 
than dependent solely on agriculture and the 
dominant natural resources. 

2) Resources, such as climate, which have 
been re-discovered in the arid zone and are 
beginning to be developed, should be further 
exploited. Also, some economic activities, 
such as the electronics industry, the resources 
for which are not available locally, should 
be introduced to support the local economy. 

3) Comprehensive planning is necessary for 
the proper development of the region. 

4) Neither public investment nor private 
investment should dominate in the development 
of the arid zone. Rather both must jointly 
or separately be involved in any new venture. 

5) Developers must realize that the use or 
over-use of natural resources (oil, gas, etc.) 
of a region is not only a depletion of these 
resources but due to improper treatment during 
processing actually a cause of serious potential 
threat to the very environment that has created 
those resources and on which the future of the 
area may depend. Thus it is imperative to 
formulate and implement strict environmental 
protection codes. There must be more official 
governmental recognition that the arid zone 
is balanced at the threshold of survival as 
far as its flora, fauna, physical forms, and 
land quality are concerned. 

5 
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6) Last, but not least, research on water 
desalination must be intensified to make 
more economical the production price of agri
culture. Also, the existing trend toward 
the use of brackish local water mixed with 
fresh imported water should be evaluated, 
as should the new method of irrigating agri
cultural crops by drip or trickle methods, 
and the growing emphasis on greenhouse con
trolled agriculture. This last innovation has 
brought about a revolution in the planning, 
implementation, marketing, and cost-benefit 
analyses of arid zone agriculture, one which 
may significantly raise the potential popula
tion of the arid zone. All in all, water 
resources still determine major planning and 
development decisions. The importance of the 
water issue makes more emphatic the need for 
comprehensiveness in the planning process 
and for more control in the implementation, 
even in the private-enterprise economy, such 
as that of the United States. This control 
can be attained since the public sector is 
still a primary investor at the pioneering 
stage of arid-zone development. 

Strategies for Arid-Zone Development 

As the recommendations made in the pre
vious section were consonant with the recent 
trends we noted in arid-zone development, 
the specific strategies presented in what 
follows are necessarily related to those 
recommendations. Since each arid region is 
a geographically and culturally unique entity, 
however, it is not as easy to generalize when 
discussing strategies as when making recom-

mendations, since by strategy is meant the 
marshalling of the region's resources to attain 
a specified goal--a course of directed, planned 
action. It is evident, therefore, that what 
can be accomplished is dependent upon what 
resources--both natural and human--exist, and 
what constraints--again, both natural and 
human--impede development. 

Strategies for Settling Arid Zonoes 

As noted in the previous section, the 
traditional emphasis on agriculture is giving 
way to a new emphasis on multiple land uses. 
With this has come a change in focus from 
rural to urban, exemplified by the experience 
in the Negev in southern Israel where, now, 
the urban population is larger than the rural. 
It is generally felt that this trend should 
be encouraged, and that as economically
diversified a base for the arid urban settle
ments as possible should be planned for, with 
particular emphasis on tourism and recreation, 
as well as those businesses and industries 
whose water requirements are the least demanding. 

Erik Cohen has observed (1977) that two 
different types of populations tend to move into 
the arid zone. The first type moves there spon
taneously and is pioneering in spirit; the second 
is sponsored,osent to help realize national 
objectives, often less pioneering and thus 
requiring that amenities dependent upon a sound 
infrastructure be provided quickly. 

Construction of such an infrastructure-
water, power, communications, transportation 



systems--is also a prerequisite to sound 
development, especially if the development 
is to be undertaken on a regional basis. 
Thus, it is imperative that an infrastructure 
be planned and built before or coincident with 
the early settling of an area, since, to an 
extraordinary extent in the hot, dry arid 
zone, a given region's economic structure 
will depend on this infrastructure. Although 
costs will probably have to be borne by the 
public sector, this should not pose any 
unusual problems, for even in free market 
nations such as the united States, infrastruc
ture is a public responsibility. The per 
capita costs of the infrastructure, however, 
will be higher than in non-arid regions, since 
the settlement pattern in arid zones is 
typically sparser than in humid ones. 

Strategies for Selecting a Site 
and an Urban Form 

Settlement and infrastructure must 
therefore be at least coincident, but it 
cannot take place at random. The site must 
be carefully chosen, and the more urban the 
settlement will be, the more important careful 
site selection becomes. Sufficient land, 
water, accessibility, employment potential, 
and comf?rt are five important criteria. 

Equally important as proper site selec
tion is the choice of an appropriate urban 
form. As already noted, the typical dispersed 
settlement pattern in the arid zone increases 
the initial and continuing costs of the 
infrastructure. To minimize these costs, to 
prevent each separate settlement from rushing 

too hastily to maturity and self-sufficiency, 
and to achieve important social and comfort 
goals, a compact, functionally inter-related 
form is preferable. Unless strong arguments 
can be mounted (based perhaps on political 
grounds) against such a form, the arid-zone 
planner should adopt it. 

While this form will help create a 
livable environment, site selection per se 
will finally determine whether the new urban 
environment is habitable. To select an 
appropriate site, an interdisciplinary team 
should consider such factors as elevation, 
topography, geomorphology, wind direction 
and velocity, exposure to solar radiation, 
relative humidity, eolian movement and other 
soil characteristics, and the amount and nature 
of the precipitation. 

However reasonable and logical these 
arguments may appear on paper, planners have 
not turned to the urban form recommended 
above in sufficient numbers: they have not 
learned the important lessons taught by ancient 
civilizations that thrived in the arid zone; 
they have, rather, noted the lack of sub
stantial research, then fallen back on forms 
used in humid regions and introduced them into 
the arid zone where they are bound to fail. 
Based on the crucial lessons taught by past 
civilizations, we can derive an urban model 
featuring the following: 

1) individual structures grouped in compact 
clusters in order to maximize shadow, with 
cities consisting of many such clusters 
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2) orientation so as to capture cool breezes, 
minimize glare, and reduce solar heat reflec
tion 

3) if available, water used to effect cooling 
and reduce the landscape's harshness 

4) heavY use of open central courts to 
maximize both shadow and ventilation 

5) a shadowed, protected pedestrian network, 
and 

6) avoidance of large unshaded open spaces 
by planning the proximity of different land 
uses. 

strategies for Economic Development 

Even if we design an urban form which 
maximizes population density, the population 
density throughout the given arid region 
will still typically be low, resulting in 
infrastructure costs that will still be 
higher in the arid zone than in the non-arid. 
The costs of transportation and transportation 
systems, for instance, one important part of 
the regional infrastructure, will affect 
commerce, making it costly and inefficient. 
Thus, the arid-zone city will have to plan 
for economic self-sufficiency, at least 
insofar as goods and services needed on a 
daily or weekly basis are concerned. This 
goal can be attained by diversification, 
by clustering urban cells each of which is 
primarily engaged in a specific (or several 
specific) economic activities important to 

the entire region, and by designing ample 
storage and refrigeration facilities. 

Although the new community should not 
rush carelessly toward self-sufficiency, it 
should plan to achieve this goal as quickly 
as possible, although this will necessarily 
increase the financial drain on the developer 
in the shortrun; however, with self-s~fficiency 
will come increased stability, a real 'advantage 
considering the unstable population a new 
arid zone urban settlement typically attracts 
in its initial stages. A diversified economy 
will, moreover, attract a desirable population 
mix, thus furthering its stability. The 
development of an arid region on a regional 
basis, as described briefly above, presents 
the greatest prospects for economic success. 

Other factors will cause the initial 
investment costs to be higher than those in 
humid regions: many building materials must 
be imported, while an indigenous architecture 
is being developed; skilled labor must be 
imported and paid well; and water may have to 
be imported until regional water supply net
works are designed and built. These high 
costs will probably dictate that the initial 
investment be public, especially since per 
capita incomes and Gross National Products 
of arid-zone nations are understandably lower 
than those of non-arid-zone states. 

Recognizing the typically weak economic 
state of most arid-zone nations, the planner 
must redirect the land use pattern in new 
settlements from agricultural domination to 



economic diversification, with basic indus
tries, manufacturing, tourism, and recreation 
all playing important roles. This redirection 
makes development on a regional basis even 
more necessary. To enhance the chances of 
success of the first two of these four com
ponents, the infrastructure--especially the 
transportation network--must, again, be given 
the highest priority. (Initially, air trans
portation must be relied upon.) To enhance 
the chances of the latter two components, 
high-quality hotels, motels, and restaurants 
will have to be planned for, and the area's 
attractions, such as the archeologically
interesting sites of ancient civilizations, 
as well as its natural points of interest, 
will have to be worked into the regional 
plan. These last two components, we should 
note, are extremely important: they will 
provide new jobs for the indigenous population, 
and they will bring foreign currency into 
the region. However, tourism and recreation 
should not be depended upon exclusively: 
the economy of the arid-zone new community 
must be diversified. 

Social and Health Strategies 

Because the climate of the arid zone 
is harsh,.., residential conditions will not 
be ideal while the community is first being 
built. It is likely that the demographic 
structure of the new community will be dom
inated initially by young bachelors and young 
married couples with or without children. 
Planners should take this into consideration 
by providing low-cost housing, including 

some rentals, and appropriate educational 
facilities. 

Regulations guarding environmental 
quality must be strictly enforced since com
prehensive medical facilities may be lacking 
to begin with. But primary health services 
of high quality should be available from the 
very beginning since the new community will 
be isolated from older urban centers with 
established services. This isolation and the 
demographic structure will necessitate early 
emphasis on certain medical specialities. 
Among these would be psychiatry, gynecology, 
obstetrics, pediatrics, and dermatology. 
These spec~alized medical services will help 
attract pioneering souls to the otherwise 
unattractive early community. 

The attitude of the early settlers is 
very important in determining the community's 
chances for success. Just as important is the 
mix of skills--industrial, technological, 
and management--they bring to the arid-zone 
new community. It is also desirable that the 
early residents represent a variety of social 
classes, giving the community from the outset 
a society in which residents with different 
economic backgrounds are present. 

Strategies for Agriculture 

The low precipitation characteristic of 
the arid zone, and the prevalence of highly 
impervious soils combined with high evaporation 
rates make planning for dry farming problematic 
at best. If water is available, irrigated 
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agriculture using the new drip or trickle 
method may be possible. More likely, the 
arid-zone new community will have to rely on 
greenhouses. Despite the high initial costs, 
greenhouses, insofar as they do not contribute 
to the air1s dust content and cannot be washed 
away by the occasional torrential rainfall 
characteristics of the arid zone, are advan
tageous.. And, when properly designed, green
houses are environmentally economical: they 
capture solar heat, reuse precious water, 
and reduce evaporation by increasing the 
humidity in their microclimates. 

If agriculture is to be a component of 
the new arid zone community's economic mix, 
crops should be chosen carefully, with the 
following considerations in mind as the ideal: 

require little water 
adapt easily 
are fast growing 
are self-fertilizing 
are salt tolerant 
use solar energy efficiently 
have a high market value 
are characterized by a high yield 
have few or no leaves 
require little space 

If, on the other hand, agriculture in the arid 
zone ~s not part of the economic mix, national 
strategy dictates that agricultural use of 
non-arid land currently being devoured by 
urban growth be coupled with the urbanization 
of the arid zone. 

Research Strategies 

1) It is fairly obvious by now that research 
directed toward creation of successful arid 
zone communities needs to focus on other 
.aspects than agriculture and its associated 
elements of soil and climate. Two-pronged 
and interchangeable types of environmental 
impact studies should be undertaken: .the 
impact of settlement on the fragile arid 
environment, and equally basic and crucial, 
the impact of the environment on the settle
ment. 

2) A second, more specific research focus 
should be on suitable urban forms for the 
arid regions of the world. Site selection 
criteria, the proximity and pattern of land 
uses, cityscaping and landscaping using 
native vegetation requiring little water, 
and subterranean construction are all issues 
which need to be studied further. 

3) A third even more specific focus should 
be on housing design. An ideal design would 
provide a comfortable living environment on 
both a daily and a seasonal basis, would re
quire a minimum amount of energy, be simple, 
and require a small investment on the part 
of the owner in order to make the dwelling 
available to low and middle income groups. 

4-5) The design of educational facilities 
should be a fourth research focus, with the 
emphasis on psychological and physiological 
concerns; the design of recreational facilities 



a fifth, with water management crucial in this 
research area because of its natural scarcity 
and the'resulting demand for water-based 
accommodations for leisure and sport. 

6) At the core of almost all research efforts 
will be attention to the arid zone's stressful 
climate, specifically on how residents are 
affected by their new environment. Socializa
tion patterns, health problems, nutritional 
problems, and clothing requirements should all 
be studied carefully. 

7) If new communities are to survive in the 
arid zones of the world, more research is 
necessary in economic matters. Some of the 
questions economists should consider are what 
the economic base of an arid-zone city should 
be; how development should be encouraged; what 
priorities should be established; what the 
respective roles of private and public sectors 
should be; and how a diversified employment 
picture should be created. 

8) Research on agriculture should not stop. 
Issues such as how to maximize salt tolerance, 
maturation, drought resistance, and heat toler
ance should be explored. And the bright pros
pect of greenhouse agriculture, discussed 
earlier; should be given the serious attention 
of the theoretician and urban planner. The 
former should consider ways of scheduling 
harvests so as to meet market demands; the 
latter should try to integrate greenhouses into 
the design of an arid-zone community, even on 
the level of individual dwellings. 

9) A ninth focus should be on maximizing the 
water supply. Seasonal and perennial rivers, 
clouds, saline water, groundwater, and recycled 
water should be considered as sources; damming, 
diverting, seeding, desalinizing, pumping, treat
ing, and conserving are the strategies available: 
not all can or should be employed but all should 
be studied carefully to determine what strategies 
are suitable in an arid-zone cit yo 

lO) A tenth--and final--focus should be on the 
use of solar energy--both on the small scale of 
the individual home and on the large scale of 
factory, apartment building, or hospital. 
Research in the former has been promising. We 
need to push forward, since the sun is the only 
known inexhaustible source of energy and the 
arid-zone is rich in ito 

The research, quite obviously, must span a 
wide variety of disciplines. To facilitate this 
and to provide the world's arid regions with 
planning experts, an international educational 
center is essential. Such a center would be 
staffed with experts from the disciplines of 
engineering, architecture, planning, economics, 
physiology, agriculture, geology, government, 
sociology, etc. These experts would be members 
of the academic community as well as people who 
have had practical experience and competence in 
their fields. Students would be drawn from a 
wide variety of backgrounds: their baccalaureate 
degrees would be in many different fields. The 
educational and research center would allow them 
to receive post graduate training preparatory to 
actual work in arid-zone development. 
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Conclusion 

These strategies are not definitive statements but directions that should be adjusted to the 
specific region and to the particular culture. They do indicate, nevertheless, some road signs that 
urban planners would do well to observe: 

the need for a comprehensive carefully 
planned program on national, regional 
and local levels 

the need for rapid and carefully 
regulated early construction, espe
cially of the infrastructure 

the importance of self-sufficiency 
and to prevent the negative effects 
of each small community rushing t09 
rapidly toward that goal, the advantages 
of clustering the urban cells 

the need for ongoing intensive research 
and experimentation 
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LANDSCAPE ARCHITECTURE FOR ARID ZONES 

James D. Miller 

Man in the Arid Environment 

There are few places in the world where 
man can live in relative comfort without 
relying on a built environment for protection 
from the elements. The desert is no exception. 
The structures that we build and their impacts 
on the immediate surroundings (the development 
of landscaped areas, paving for sidewalks, 
parking lots, etc.) impose themselves on an 
existing natural condition. In response, 
adj ustments are made in the character of the 
local microclimate. Some of these adjustments, 
or impacts, may be positive; the walls and 
roof of a house are barriers which allow for 
a change in the interior climate from that 
outdoors. Some impacts on local site condi
tions, however, may be unanticipated and 
undesirable. 

The Importance of Microclimate 

Excessive or unprotected paving can 
cause hot spots and unwanted glare around our 
dwelling~. Cold winter winds may be inadver
tently channeled through the yard and patio, 
or cold air can engulf the property at nighto 
Negative impacts such as these not only create 
uncomfortable living conditions but they can 
be costly, requiring more energy to heat or 
cool· our buildings. Proper placement of a 
simple shade tree, for instance, can reduce 

wall and roof temperatures by as much as 20-
40°F, while an unshaded roof may reach tem
peratures in excess of 140°F even in temperate 
climates. 

The location and nature of structures, 
landforms, plantings, and surface materials 
can either aggravate or ameliorate climatic 
problems for any site by the microclimates 
they create. One of the primary objectives of 
responsive environmental design is to modify 
the extremes of any particular environment, to 
increase or lessen the effects of prevailing 
conditions. We may wish to make it warmer or 
cooler, less windy or breezier, drier or more 
humid. In essence, we are attempting to create 
zones of comfort through the modification or 
creation of various microclimates for a given 
situation. 

The best climate controls are a good 
building site and weather-oriented architecture. 
With existing structures we can gain advantages 
on climate modification with responsive land
scaping and supplementary structures. In 
every situation we shall be dealing with the 
three major climatic factors that affect our 
local environment: 

solar radiation 
wind 
water 
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In the following pages, we shall be discussing 
design considerations as they relate to these 
three climatic factors within a hot arid 
environment. 

Solar Radiation 

Solar radiation is the driving force 
for the systems of our biosphere. It is the 
single most influential climatic factor that 
powers global weather systems. Radiation 
from the sun provides the energy for evapo
ration and circulation of atmospheric moisture. 
Photosynthesis, the process for converting 
radiant energy into food and fiber, would 
cease abruptly in its absence. It,is not 
possible to live without it. Yet in hot 
arid climates, it can be intolerable to live 
with. A searing hot sun can send one in 
search of a shady retreat as quickly as snow 
or rain can drive one indoors. The design 
of our physical environments must be respon
sive to solar radiation and the dominant 
role it plays in the daily lives of people 
who make the desert their home. 

Radiant Energy and our Personal Environment 

All objects above absolute zero - OaK -

emit radiation at intensities proportional to 
their temperature. As the temperature of an 
object increases, the intensity of its radia
tion increases, i.e. wavelength decreases. 
Shortwave radiation such as ultraviolet 
radiation is more energy intense than longwave 
radiation. The sun, with an average surface 
temperature of 6000 o K, emits energy-intense 
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Fig. 1: The radiation balance. Spectra of solar and 
terrestrial radiation, both normalized with respect 
to their peak intensity (after Reifsnyder and Lull, 
1965*) 

shortwave radiation between the wavelengths 
of O.15-4.011. 

As shortwave solar radiation strikes the 
outer limits of the atmosphere, part is re
flected back to space from clouds, some is 
diffused into the sky vault and scattered by 
atmospheric particles, and a portion is selec
tively absorbed by carbon dioxide, water vapor, 
and ozone. Only one-fifth of the total incident 
radiation that strikes the atmosphere is 
transmitted to the earth's surface, where it 
is either absorbed or reflected. 

*Reprinted from llicroclimate: The Biological Envirolllllflnt, by 
Norman J. Rosenberg (c1974), by permission of John Wiley & 
Sons, Inc. 



The earth is also a radiating body with 
an average surface temperature of about 300 0 K 
(14°C) and emits principally longwave infrared 
radiation between the wavelengths of 3-8011. 
Figure 1 shows the theoretical spectra for 
blackbodies (perfect radiators) at solar and 
terrestrial temperatures. Note they virtually 
do not overlap. The atmosphere absorbs 
approximately 90 percent of the outgoing 
terrestrial infrared radiation, much of which 
is re-radiated back to the earth's surface. 

Because direct radiation contributes 
much more to solar heat gain than diffuse 
radiation, intense heating of the desert 
floor occurs under the prevailing clear-sky 
conditions of the southwest (Phoenix, Arizona, 
for instance, receives 84 percent of the 
maximum possible hours of sunshine per year). 
In addition, the high sun angles of subtropical 
latitudes concentrate solar radiation and the 
long summer days allow surfaces more time to 
absorb energy. The short summer nights, when 
net outgoing radiation exceeds incoming 
radiation, lessen the period of cooling. As 
a result, it is considered more important to 
protect against excessive heat gains in the 
summer than to provide for solar exposure 
during the winter. An effective design 
solution will consider both the need for 
solar protection and the desire for solar 
exposure, and allow for both within practical 
limitations. 

Site Considerations 

An old saying suggests that an ounce of 
prevention is worth a pound of cure. With 

solar control the most effective measures 
begin with the selection of a favorable site. 
A good combination of altitude, slope, and 
orientation that reduce the possibility for 
solar heat gain are of prime importance. 

Lower hillside locations are more favorable 
sites than narrow canyons or depressions. 
Negative groundforms can be heat traps during 
the day, receiving radiated heat and glare 
from the surrounding terrain, allowing little 
opportunity for breezes to carry away the 
accumulated heat. Low-lying areas may become 
"cold air lakes" at night due to cold air 
dralnage. In the evening the Earth's surface 
cools at a faster rate than the free atmosphere. 
On slopes and high terrain, especially in the 
foothills regions of the middle and low deserts, 
this creates an inversion effect with colder 
air lying next to the ground at the top of 
gradients than at the same altitude in the 
atmosphere over the valley floor. Because 
cold dense air rolls down the mountain slopes 
to settle in lOW-lying areas, and is replaced 
upslope by warmer atmospheric air, locations 
which collect and trap cold air may be tolerating 
temperatures well below that of neighboring 
hillsides (Fig. 2). 

At high elevations, the increase in height 
and the corresponding decrease in temperatures 
will offset the inversion effect of cold air 
drainage. The result is a "thermal belt," 
a zone lying between the colder elevations 
above it and the cold air lakes in the valley 
basins below. Thermal belts are warmer at 
night during the underheated periods of the 
year than areas above or below them. Frost-
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sensitive plants such as Ironwood (Olneya tesota) 
flourish in these zones and serve as indicators 
to their boundaries. In addition to being 
warmer at night, thermal belts are generally 
cooler during the day than sites below them 
due to their higher elevation. 

The aspect of the site (orientation of the 
slope) will influence the intensity a~d duration 
of solar radiation it receives. In s~tropical 
latitudes a direct western exposure receives 
the highest average annual temperatures, and 
is a poor choice for effective solar heat 
control. An optimum orientation for a balanced 
annual heat load is in a southeastern direction. 
Some sources recommend 25° east of south (Fig. 3). 

Site characteristics to look for are those 
that control or channel wind. East-west summer 
breezes are an important cooling agent up to 
one third of the year in desert regions. Both 
landforms and existing vegetation will direct 
air movement. Vegetation may also provide 
valuable shade. Evaporation is an effective 
cooling agent in arid climates, and sites 
located leeward of large bodies of water or 
irrigated fields should be considered. 

Solar Control by Interception 

The principle of solar radiation control 
is to allow the sun's energy into the human 
environment during the cool or underheated 
periods of the year and keep it out during the 
hot or overheated periods. Because we receive 
radiant energy from all directions, either 
directly from the sun or indirectly by; reflection 



and radiation, the most effective method of 
solar cqntrol is 'interception.' Interception 
may be with a solid barrier, such as a roof 
or overhang, or it may only filter, as with 
a lattice or sparse vegetation. The inter
ception can be 'direct,' by placing a barrier 
between the observer and the source of radia
tion (whether the source,is the sun or glare 
from a reflective surface), or it can be 
'indirect,' by placing a barrier between the 
sun and a surface which is causing the 
reflection (Fig. 5). In each instance, an 
intercepting barrier is used to provide shade. 
Shade is simply the most effective way to 
control excessive heat gain (Figs. 4 and 6). 

Overheated and Underheated Periods 

Solar exposure is desired certain times 
of the year, while protection from excessive 
heat gain is needed other times. The effi
ciency of any shading device, therefore, 
will depend on its ability to shade a given 
surface during the overheated period of the 
year without intercepting the sun's warmth 
during the underheated times. In order to 
determine when to shade and when not to 
shade, the overheated and underheated periods 
for any ,location must be definedo 

Although a variety of environmental 
factors interact to determine an individual's 
relative sense of comfort, one of the most 
important variables, and one for which 
regional data is most readily available, is 
temperature 0 A fixed temperature represents 
a boundary condition for determining when 
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Fig. 6: Shade is the most effective way to control solar 
radiation (-Landscape Architect Warren Jones) 
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Fig. 7: Overheated period chart, Phoenix, Arizona, 320 N. 
latitude 

shade is desirable certain times of the year. 
This method has been used by Olgyay and Olgyay 
in Solar Control and Shading Devices (Princeton 
University Press , c1957) . A ' shading line' 
of 70 °F is plotted on a chart using local 
temperature data . Figure 7 is an overheated 
period chart for Phoenix, Arizona tak€n from 
this s ource (by permission). At any time of 
the year on the chart, inside the shading 
lines, shading will be required to achieve a 
sense of comfort , while for other times of the 
year , direct solar exposure is desirable. 
Overheated period charts can be constructed 
for any location where sufficient temperature 
records exist. 

The critical measurement for any shading 
device is the ratio of the depth of the device 
to the dimensions of the wall. This can be 
expressed as an angle (Fig. 8). Shading 
coverage will change throughout the year as 
the sun travels across the sky. In order to 
design any device for a desired percentage of 
shading at certain times of the year, the 
location of the sun must be known. 
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Fig. 9-A: Sun-path diagram for 2aP latitude (Guaymas, Sonora) 

Calculating tlle Position of the Sun 

The position of the sun for any time of 
the year can be calculated easily by referring 
to a sun-path diagram for the latitude in 
question which projects the path of the sun 
as it travels overhead across the sky vault 
onto a plane represented by the observation 
point, with the circular perimeter of the 
diagram representing the horizon line. Figure 
9-A and Figure 9-B show such sun-path diagrams 
for 28° latitude (the approximate latitude 
of Guaymas, Sonora, Mexico), and 32° l~titude 
(the approximate latitude of Tucson, Arizona).* 

*Figs. 9-A and 9-8 reproduced by permission of Princeton 
University Press from Olgyay and Olgyay's Solar Control 
and Shading Devices (c1957). 
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Fig. 9-8: Sun-path diagram for 3ZO latitude (Tucson, Arizona) 

Two measurements can be taken from the 
sun-path diagrams for any time of the year 
(Fig. 10): the solar altitude, an angular 
distance of the sun above the horizon, and 
the azimuth, the angular distance of the sun 
measured along the horizon plane from true 
south. The 11th and 21st of each month is 
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marked on the sun-path diagrams and the time 
of dqy is indicated in 20-minute intervals. 

After locating a time on the diagram, 
both the sun's altitude and azimuth are read 
with the aid of a cursor which attaches to 
the center of the diagram at the intersection 
of the east-west and north-south azimuth lines. 
As an example, the location of the sun for an 
observer in Phoenix, Arizona (using the 32° 
latitude sun-path diagram), on September 21st 
at 10:00 a.m. is azimuth 48° east of south, 
and altitude 50° above the horizon. Examina
tion of the overheated period chart for Phoenix 
at this time indicates that shade is required. 

Using simple trigonometric calculations, 
we may now determine the size of a shading 
device required to shade a wall surface for a 
certain percentage coverage. For the sake of 
simplicity, let us assume that a wall that 
requires shading directly faces the sun at 
10:00 a.m. on September 21st (azimuth 48° east 
of south). The wall is ten feet high and we 
wish to shade 50 percent of its surface. The 
overhang must be approximately 4.2 feet in 
depth (Fig. 11). Given the dimensions of a 
particular shading device, the procedure can 
be reversed to calculate the percentage of 
shading that can be expected for different 
times' of the year. 

For convenience, the overheated period 
chart (Fig. 7) may be transferred to the 
sun-path diagram by simply correlating tem
perature data with the appropriate dates and 
times on the sun-path diagram. The result 
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is one diagram that will indicate when shade 
is needed and where the sun's position is for 
regular 20-minute intervals throughout the 
year (Fig. 12). Because the sun duplicates 
its path as it travels back across the sky 
vault for one half of the year, the darkest 
tone on the diagram represents the overheated 
periods when shade is needed on both the dates 
shown. For the lighter tone, shade is required 
for only one of the dates shown; due to the 
seasonal heat lag of the earth, autumn is 
generally warmer than spring on corresponding 
solar positions and the shading requirement, 
therefore, is for the autumn dates on the dia
gram. The clear area is the underheated period 
of the year when direct solar exposure is 
desired to achieve a sense of comfort. 



Shading Devices as a Function of orientation 

A variety of materials and design solu
tions are available to solve shading problems, 
from palm fronds and grass mats to sophisticated 
motor-driven adjustable panels. But solar 
radiation distribution is not uniform for 
different exposures of the same structure, 
and a shading device that functions well on a 
cool north exposure may not perforJII well on 
a hot western exposure. For greater effi
ciency, different orientations require 
different styles of shading devices. Horizon
tal types are best for southern exposures. 
On east and west exposures, vertical devices 
work well. If slanted they should slant 
toward the south to provide protection from 
the northern position of the summer sun. In 
hot climates, an eggcrate design is a good 
selection for southeastern and southwestern 
exposures because of its high shading ratio. 
Fixed vertical devices are suitable for 
northern exposures, but for extremely low 
latitudes, where the heat gain from northern 
orientations can be considerable, horizontal 
shading devices are more effective. If movable 
or adjustable devices are considered, they 
perform best on east, southeast, southwest, 
and western exposures where the sun's angle 
changes 'rapidly. Additionally, louvered 
overhangs permit rain to fall through and 
allow ventilation of hot air that might 
otherwise be trapped by a solid barrier 
without sacrificing shading efficiency (Figs. 
13 and 14). 
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25 



~smdin:f 

26 

Fiq. 13 

kll~ered OItr~ t\lIo/J 
v'enti~ c1 t¥U':/J hfAt 

~~ ~e~~ 

Fiq. 14 

Solar Control with Vegetation 

vegetation can be used very effectively 
as an intercepting device to control the sun's 
rays. The large variety of forms, textures, 
and colors of plant material provides an end
less palette to choose from, adding beauty as 
well as utility to the landscape. Climbing 
and clinging vines function as solar control 
devices on ramadas and overhead trellis,es or 
provide protection for a hot wall. Ground
covers can reduce unwanted glare and prevent 
excessive heat gain near structures and outdoor 
areas. The right tree in the right location 
can shade the house or patio during the hottest 
period of the year while letting the winter 
sun warm these same areas during the underheated 
period of the yearo In subtropical climates, 
where outdoor activities ~re enjoyed throughout 
the year, vegetation offers shade where buildings 
are unable to, effectively increasing total 
living area by the creation of comfortable 
outdoor spaces (Fig. 15). 
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Trees, shrubs, groundcovers, vines, and 
turf provide solar control by: 

• effectively reducing direct and 
reflected radiation 

• absorbing heat 
• providing the cooling effect of 

evapotranspiration 
• creating dead air spaces that act 

as insulation in cold weather 
• acting as a buffering agent to 

abrupt temperature changes 

The foliage and branches of plants will 
selectively reflect, absorb, and transmit 
solar radiation. Vegetation with a loose 
open foliage and branch structure will filter 
radiation, allowing a portion to pass through 
the canopy. Dense foliage and multiple layers 
of canopy can almost totally obstruct incoming 
radiation. Very little, however, actually 
penetrates the canopy, resulting in cooler 
temperatures at the shaded side of leaf 
surfaces. In addition, plants have rough 
textures compared to most manmade objects, 
and the leaf canopy presents a multi-faceted 
surface which is more efficient at diffusing 
incoming radiation. Needles and small-leafed 
plants commonly found in desert landscapes 
are very effective at reducing glare from 
reflective surfaces. 

The ability of plants to buffer rapid 
temperature changes is an important attribute 
for solar control. The cool soil under shaded 
areas will absorb heat from the air faster than 
heat can be transmitted to it by conduction 

or convection, and the greater humidity asso
ciated with vegetation means more heat is 
required to raise ambient air temperatures 
significantly. Temperatures within planted 
areas, therefore, remain cooler through more of 
the day than that of surrounding areas. Plant 
cover will also reduce diurnal temperature 
fluctuations by trapping and reflecting outgoing 
thermal radiation at night. The capacity for 
vegetation to retain warm air at night is 
directly related to foliage density. 

Deciduous vegetation should be considered 
not only where shade is required to avoid 
excessive heat gain during the overheated 
times of the year but also when solar exposure 
is desired during the underheated periods. 
Because the leaf drop and refoliation of most 
native plant material corresponds very closely 
to the times of year when solar exposure and 
shade, respectively, are needed, it is wise to 
take advantage of the natural rhythms of these 
plants (Fig. 16). 
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The degree to which plants function as 
effective climate control devices depends on 
their size, shape, density, and location.* 
The proper location for plant material is 
best determined using the same method described 
earlier, using the sun-path diagrams in con
junction with overheated period data. Plant 
material is multifunctional, however, providing 
more utility than just solar control, and care 
should be taken to consider all aspects of 
site design requirements before final placement 
of vegetation is decided o 

The Nature of Surfaces and Solar Control 

Surface materials used around the home 
environment will play an important role in 
microclimate control. Unprotected wall sur
faces and excessive paving can be a source 
of unwanted glare and re-radiated heat. The 
capacity of materials to absorb or reflect 
solar radiation is principally a function of 
their density, color, and surface texture. 
Dense materials, such as stone, will have a 
greater absorptive capacity than wood, which 
has a higher percentage of pore space and 
a greater insulative value. Surfaces tend 
to re-radiate stored energy at night in the 
form of heat, contributing to the heat load 

* For information about specific desert plant materials 
and their characteri~tiQs, see the author's Design and 
the Desert Environment, -published in 1978 py the 
University of Arizona's Office of Arid Lands Studies 
as Arid Lands Research Informatio~ Paper No. 13, 216 p. 

of the immediate area. Likewise, dark-colored 
surfaces will absorb more radiation than highly 
reflective light-colored surfaces, and a rough 
uneven texture will reduce reflection by 
scattering light that strikes it. 

'Albedo,' a measurement of the percentage 
of solar radiation, both direct and diffuse, 
is a useful indicator of its glare pot~ntial, 
with the higher the albedo the more a ~urface 
will produce glare from reflection, as shown 
here: 

• fresh snow cover 
• light sand dunes, surf 
• sandy soil 
• meadows and fields 
• densely built-up areas 
• dark cultivated soil 
• water surfaces 

75-95% 
30-60 
15-40 
12-30 
15-25 

7-10 
3-10 

To control re-radiated heat and glare 
from paved areas and wall surfaces, the 
following suggestions will be helpful in 
coordinating site design and building layout 
with the placement of vegetation and other 
solar control devices: 

Orient buildings to minimize the 
impact of excessive solar exposure 
on east and west walls. Glazing 
should be kept to a minimum and 
shaded where possible. Shaded 
glass transmits to interior spaces 
approximately one-third as much 
heat as an unshaded window surface, 



depending on location and orientation. 
Screens prevent direct radiation from 
heating interiors and help reduce 
glare both inside and outside. 

Keep paving to a minimum. Paving 
should be reserved for streets and 
heavily traveled pedestrian ways. 
Where paving must pe used for out
door social or recreational activ
ities, use strategically placed 
ramadas, vegetation, or other shading 
devices to protect key areas. Con
sider breaking up paved areas with 
grass or other" groundcovers that 
are less reflective and radiate 
less heat. Locate areas with ex
cessive paving away from or leeward 
of buildings to allow prevailing 
breezes to carry away unwanted heat. 

For high density developments 
structures can be situated so as 
to shade one another as well as 
outdoor living areas and circulation 
ways, especially if buildings are 
close, walkways are narrow, and 
open spaces are small. To realize 
the fullest benefits from shade 
produced by the clustering of 
structures, streets should be kept 
narrow and generous rights-of-way 
avoided. Opt for small parking 
bays and interior courtyards that 
are easily shaded. Buildings with 
cantilevered overhangs and deepset 
walls provide natural shade. 

Wind 

Outdoor activities should be orien
tated according to their functional 
uses. Locate summer afternoon activ
ities in cool locations and nighttime 
activities for cooler seasons in warm 
protected areas. Storage areas should 
be placed in otherwise undesirable 
locations. 

Winds blow across the desert landscape 
with varying intensities, temperatures, and 
directions throughout the year. Uncontrolled, 
wind can be both annoying and destructive to 
the human environment. When it is hot, we 
want to encourage a gentle cooling breeze. 
When it is cold, protection is needed from 
frigid winter winds. Large quantities of 
erodible silt and clay are transported by 
the wind and deposited throughout urban areas 
contributing to air pollutants. Also, because 
of its abrasive nature, windblown sand can 
be damaging to anything in its path. 

Desert winds are extremely desiccating 
to plants as well as people, and unprotected 
vegetation will require more water (a scarce 
commodity in arid regions) to perform as well 
as plants that receive some protection. This 
is especially true for imported exotic plants 
that have no physiological adaptations to 
arid conditions. Wind control, then, is an 
essential ingredient for effective design 
in a desert environment. 
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Airflow 

There are three general classifications 
of airflow (Fig. 17): 

) 

c==? ~ , 

~~) 

laminar airflow, where 
parallel layers of air 
flow smoothly one on 
top of another in a 
predictable pattern 

separated airflow, where 
a separation of layers 
may result in some turb
ulence between layers 

turbulent airflow, where 
air masses travel in the 
same direction but with 
a random pattern and with 
unpredictable velocities 

Laminar airflow, being more predictable, is 
the easiest to control. Turbulent airflow is 
the most difficult to control. 

Air has a viscosity coefficient of zero, 
which simply means it flows freely when 
unobstructed. Obstacles placed in its path 
will generate forces between air layers and 
can lead to separation and turbulence. If 
the obstacles, or barriers, are streamlined, 
the air will flow freely around it relatively 
unimpaired. The air layers next to the surface 
will speed up, but no real turbulence between 
layers results and the flow quickly resumes 
its original path. On the other hand, if 

wind strikes a non-streamlined or bluff 
barrier, such as a building, the air layers 
have a difficult time following the contours 
and separation of the air layers and turbulence 
will result. The degree to which airflow 
changes from laminar to turbulent, therefore, 
is a function of the roughness of the 'surface 
over which the air is flowing (Fig. 18). 

sIr(tl}rl/lnuj ~itr ~vff Wrrit(· 

Fig. 18 

Airflow effects the temperature of our 
environment by encouraging body heat loss 
through increased evaporation and convection. 
Where there is free air movement there is 
little difference in the ambient air temper
ature in the sun or in the shade. When wind 
is deflected, however, there is a decrease 
in the rate of thermodynamic heat exchange 
between air layers within the protected area. 
Shaded locations in the protected zone will 
be cooler, and exposed locations warmer 
than prevailing open field air temperatures 
(Robinette, 1972)0 



Wind Control 

wihds can be effectively controlled by 
interception and diversion, or by generally 
lessening their force with obstructions such 
as earth forms, vegetation, and architectural 
elements like walls, fences, and buildings. 

Landforms can channel or deflect air 
movement. Wind passing through canyons and 
narrow valleys have a tendency to increase 
in velocity due to the venturi effect created 
by the canyon walls. Sites located within 
these areas will need added protection 
against strong air currents (Fig. 19). 

Positive landforms, such as hills and 
ridges, also affect ai.rflow. A steep wind
ward slope causes compression of the air, 
resulting in wind speeds as much as 20 percent 
greater over the crest of a hill with turbu
lence beyond. A gradual windward slope will 
lift and deflect air masses mOre efficiently 
with a greater zone of protection on the 
leeward side (Fig. 20). 

Artificial berms can be used to provide 
wind protection in much the same way as hills 
and ridges, only on a smaller scale. By 
constructing an earthen barrier on the wind
ward si~e of developments, or even a single 
house, air flow will be diverted up an~ over 
the site. The berm must be large enough to 
allow structures to be located within its 
effective zone of protection at the leeward 
side. 

~ ~ri dP~ oP ~ d ~ttds if air' ~CIJ 

Fig. 19 
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Fig. 20 
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Large-scale earthen landforms should be 
an integral part of site design when used and 
not treated as an isolated or independent 
element. Berms can be organically sculptured 
to blend into the existing landscape as much 
as possible and will require planting to 
stabilize the soil and add visual coherence 
to the site. A concentration of trees and 
shrubs at the crest of the berm will also 
increase the barrier's ability to deflect 
wind, as well as filter noise and dust. Well 
designed and landscaped berms can provide 
valuable open space, recreational areas, and 
natural buffer zones for wildlife in an ever 
expanding urban jungle (Fig. 21). 

Wind and Vegetation 

Vegetation is one of the most commonly 
used devices for controlling wind. Plants 
offer varying heights, widths, and densities, 
and can be planted individually or in groups, 
and in conjunction with landforms and structures 
to deal with a variety of wind problems. Plants 
control wind by obstruction and filtration, and 
by deflection and guidance. 

Some of the older remnant vegetation to 
be found in the southwest are trees planted 
by early settlers to protect homes and farm
land from desert winds. The desiccating winds 
have not disappeared over the years, and planted 
shelterbelts are just as effective now as they 
were then. Fortunately, much research has 
been done in recent years on the efficiency 
of shelterbelts in controlling wind. This 
information serves as a useful guide fqr today's 
environmental designers (Coonley, 1975; Robin
ette, 1972; and Rosenberg, 1974). 



Shelterbelts are most effective when 
placed perpendicular to the wind. Wind 
velocities on the leeward side of shelterbelts 
may be reduced by as much as 50 percent for 
a distance of 10-20 times the height of the 
barrier. The total influence of the shelter
belt may extend as far as 25-35 times its 
height, depending on penetrability, width, 
and height. Only limited protection is 
afforded on the windward side of the barrier. 
Figure 22 shows isotacks (lines of equal wind 
velocity) representing the influence a typical 
shelterbelt will have on airflow. Note that 
the leeward sheltered zone is wider than the 
barrier itself. At the edges of the shelter
belt windspeeds may actually be increased by 
ten percent or more of the open field wind 
velocities (Robinette, 1972). 

Composition and Density of Shelterbelts 

The zone of maximum protection, where 
the windspeed is reduced the greatest, is 
at a distance approximately 4-6 times the 
height of a moderately penetrable barrier 
to its lee side. The less penetrable the 
planting, the more air is forced up and over 
the barrier. This will create a more power
ful suction eddy, or low pressure zone, 
behind the barrier, and will pull overhead 
air flow. back down to its original path 
sooner than if some of the air is allowed 
to pass through the barrier (Fig. 23). 

The air that passes through a partially 
penetrable barrier will retain some of its 
laminar flow characteristics. The presence 

Fig_ 23 

of laminar airflow behind the shelterbelt will 
lessen the forces between the air layers over
head, reducing the downward pull of the suction 
eddy. The result is a greater zone of protection 
extending for a longer distance leeward of the 
barrier. Overall windspeeds, however, are not 
reduced quite as much as behind a denser 
barrier, and the zone of maximum protection 
moves farther away from the barrier. 

As vegetation within a shelterbelt bends 
and sways in the wind, it decreases its pene
trability. This has a positive effect on 
wind control. As the intensity of airflow 
increases, a shelterbelt will afford an ever 
increasing zone of protection, again, at the 
cost of slightly higher windspeeds leeward 
of the barrier. 

Since irregular surface is more efficient 
at breaking up airflow than a smooth uniform 
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surface, the most effective shelterbelts are 
composed of a variety of species, tree heights, 
and densities. The optimum density, including 
leaves, branches, and trunks combined is 
estimated to be between 50 and 60 percent. At 
this density, narrow belts are just as effective 
as wider belts with the same overall penetra
bility. 

The foliage mass of plants serves as a 
direct block to the passage of air. Wind 
will be diverted under, as well as over, a 
barrier. Studies have revealed that the 
air passing under trees, provided penetration 
is possible, is generally at higher velocities 
than open field windspeeds. Because most 
trees chosen for use in shelterbelts can have 
several feet of relatively open understory, 
shrubs must be planted at the base of the 
barrier for optimum wind control. The denser 
the overstory vegetation, the greater the 
need for understory plantings. In most sit
uations medium density overstory planting of 
mixed species and densities, and an understory 
planting of dense shrubs is very effective 
for deflecting wind. 

The greatest possible protection near the 
center of a shelterbelt is obtained with a 
height-to-Iength ratio of 1:11.5 (Robinette, 
1972). A series of shelterbelts parallel to 
one another have been found to have no signi
ficant accumulative effect. One good belt 
is just as efficient, therefore, as several 
in a row. 



With proper site analysis, vegetation can 
be located to direct and channel cool summer 
breezes.: through structures and outdoor spaces 
and deflect cold winter windso Cold air 
drainage can be blocked with shelter belts, 
but care should be taken to deflect, not 
trap, cold air (Fig. 24). 

Orientation of pedestrian and vehicular 
traffic corridors can direct and channel 
airflow. Secondary air currents develop 
along straight open walkways and streets. 
This is particularly true for development in 
the Southwest where subdivisions are noto
riously laid out on a grid pattern, encouraging 
long unobstructed avenues lined with tightly 
packed houses. Narrow rights of way, curvi
linear streets, and protective planting will 
help eliminate this problem (Fig. 25). 

Buildings should be clustered together 
or connected with hedges and walls to provide 
some degree of wind protection. The use of 
interior courtyards and patios should be 
encouraged in desert communities because they 
receive natural wind protection from several 
different directions throughout the year. 
No single solution is apt to be the best for 
all situations and architectural elements, 
vegetation, and landforms are best used in 
combination with one another to realize their 
full potential to control wind. 

~ 

The available water supply for any region 
is dependent on five factors: 

• How much water is stored underground? 
• How much rainfall is received annually? 
o How much water comes into the region 

from elsewhere? 
o How much of this water is legally 

available to potential users? 
• How much are users willing to pay 

to get the water? 

In the American Southwest, water is limited 
on all five counts. Annual rainfall in arid 
regions is minimal. Available water from out
side sources, i.e. perennial flowing water 
courses, typically do not supply enough water 
to areas of concentrated population. And the 
growing controversy over water rights among 
various interest groups (American Indians, 
agriculture, the mining industry, municipalities, 
etc.) appears to be only the tip of an enormous 
legal iceberg. There is little doubt that we 
are far from dividing 'the water pie' equitably 
among ourselves. 

Groundwater: A Precious Commodity 

The growth of the arid southwest has 
been sustained primarily on groundwater, 
water slowly accumulated and stored in deep 
alluvium basins over geologic time. Early 
settlers found good quality groundwater close 
to the surface of the land, plentiful and 
easily exploited. But rapid development of 
the region has put tremendous pressures on 
available groundwater supplies. To meet the 
demand of several million residents for water, 
groundwater is being pumped at an increasingly 
faster rate than natural recharge can replenish 

35 



36 

it, resulting in an annual net overdraft of 
existing supplies and a corresponding lowering 
of the water table. 

In short, the arid Southwest is out of 
ecological balance in the sense that more 
water is being used than is being replenished 
naturally. Water, an otherwise renewable 
resource, is for all practicable considerations 
a nonrenewable and scarce resource. The 
pumping of groundwater has become synonymous 
with the mining of oil. 

Water Conservation and the Arid Landscape 

A large percentage of municipal water 
supplies are used for the irrigation of out
door landscapes (an estimated 50 percent in 
the City of Tucson, for instance). The 
remaining water is essentially lost through 
the process of evapotranspiration. The 
remaining water is used inside the home, and 
because it is retrieved through city sewer 
systems, it is potentially available for 
reuseo The conservation of water outside 
the home, therefore, can have a significant 
effect on overall municipal water consumption. 

One way to conserve water is to insure 
the most efficient use of ~~isting supplieso 
In the case of landscape irrigation, this 
may take several forms: 

o Use as many drought-tolerant species 
as possible, and locate plants 
according to their water requirements 

• Minimize waste by using efficient 
irrigation techniques 

• Supplement city water with rainwater 
whenever possible 
Discourage evaporation of soil mois
ture from around the root zone of 
plants 

Zones of Plant Suitability 

Both the type and the location of plant 
material can have a substantial effect on 
water consumption. The use of arid plants 
has been emphasized for its ability to with
stand extended periods of drought. The 
location of plant material in relation to 
structures and other site elements can have 
an equally important influence on plant-water 
relations. Plants in an exposed, windy location 
will require many times more water than plants 
located in protected areas, such as under 
overhangs or behind walls. It is important, 
therefore, to identify the microclimates or 
'zones of suitability I for various plant types 
that might be chosen for any site (Fig. 26). 

Zone 1 

The edges of a property, often the most 
exposed, typically represent the most arid 
zone on the site. Because this zone is usually 
a low use area, it should be planned accord
ingly as a low maintenance area. Visually, 
Zone I lends itself well to large-scale trees 
and shrubs that serve either as a buffer to 
activities on adjacent sites or to frame key 
views. One of the primary functions of Zone I 
is to create privacy. This zone should be 
planted with the lowest water-demanding plants. 
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Zone 2 

The level of use of Zone 2, a transitional 
zone, is moderate. Here we may find small 
areas of functional lawn used for recreation 
and open areas of inert groundcovers. Because 
of the buffering effects of Zone 1, the expo
sure of Zone 2 is moderate. Again, very 
drought-tolerant species are best here, although 
some plants requiring more water may be located 
in protected areas. 

Zone 3 

Zone 3 affords the most protection from 
wind and' sun. Structural overhangs, walls, 
shade trees, fences, ramadas, and atriums 
provide an environment more suitable for 
high water-consuming vegetation than either 
Zone 1 or 2. If tender exotics are planted, 
this is the zone where they are most likely 
to survive. 

The level of use and the visual interest 
of Zone 3 is high. Accordingly, the exotics, 
potted plants, and annuals suitable for this 
zone will capture the attention and provide 
impetus for the maintenance they require. In 
addition, maintenance is generally easier due 
to the proximity to utilities, i.e. hose bibs, 
electrical outlets, storage, etc. 

Water Conservation - Plant-Water Relations 

While there are varieties of irrigation 
systems capable of delivering water to thirsty 
plants, their purpose remains the same. The 
function of irrigation is to supply the root
zone of a plant with sufficient moisture at 
an appropriate rate to insure healthy root 
growth and plant development. 

The rate and frequency of water distribution 
is very important. Extreme fluctuations in 
soil moisture from near saturated conditions 
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to very dry arid conditions do not represent 
a stable growing medium for plants. A saturated 
soil holds little or no air within the open 
pores between soil particles, thus starving 
plant roots of oxygen. As a soil dries by 
drainage and by evapotranspiration (evaporation 
and plant transpiration), a point is reached 
at which the remaining water is held so tightly 
by the soil particles (hygroscopic water) that 
plants are unable to absorb it. This i.s termed 
the wilting point of the soil. When this 
condition is reached, the plant will show 
visible signs of wilting from lack of cell 
turgor. 

The excess water in a saturated soil 
that the soil pores are unable to hold will 
drain away by gravity (gravitational water). 
At this point the soil is said to be at field 
capacity - the maximum amount of water that a 
thoroughly moistened, well-drained soil will 
hold against the force of gravity. At field 
capacity, the soil-moisture tension for most 
soils is from zero to .3 atmospheres, and plants 
can absorb water from the soil with minimum 
stress. At the wilting point, the soil-moisture 
tension is approximately 15 atmospheres (Fig. 27). 

The remaining soil moisture (total soil 
moisture minus gravitational water minus 
hygroscopic water) is the water actually avail
able for plant use (plant available water) • 

A medium textured loam soil containing 
roughly equal parts of sand, silt, and clay 
will consist of approximately 50 percent 
solid material and 50 percent pore spaqe. 



A theoretical optimum moisture level for 
plant growth is when one half of the pore 
spaces are filled with water and the other 
half filled with air. Fine-textured clay 
soils will have a much higher water holding 
capacity, and coarse sandy soils will have 
a much lower water holding capacity. Figure 
28 shows the approximate plant-available water 
for various textured soils in terms of inches 
of water per foot of soil. 

An efficient irrigation system will 
deliver water to the rootzone of a plant at 
the appropriate rate and frequency to maintain 
the soil moisture within the upper and lower 
limits of the plant-available water. 

Drip Irrigation 

One of the most recent developments in 
irrigation techniques to satisfy this require
ment is drip, or trickle irrigation. Pioneered 
some 40 years ago by Symcha Blass, an Israeli 
engineer, and subsequently refined by him and 
a rapidly developing industry, drip irrigation 
is becoming increasingly popular in arid 
regions around the world. 

The technique involves small diameter 
plastic tubing which delivers water directly 
to the rootzone of a plant through special 
emitters at a slow but frequent rate. This 
is in contrast to more conventional flood 
or sprinkler irrigation which supplies large 
quantities of water at considerably less 
frequent intervals. Plants typically use 
only 30-60 percent of the water supplied by 

flood irrigation. Sprinkler irrigation is more 
efficient, with plants utilizing as much as 
70-80 percent of the water supplied, but major 
losses of water occur through evaporation and 
excessive drainage of gravitational water 
with both systems. Drip irrigation, on the 
other hand, has an efficiency of 80-95 percent. 

Small diameter polyethylene tubing 
(approximately l5mm) is used to carry water 
from PVC (Polyvinylchloride) laterals, or 
headers, to the drip emitters. Headers will 
vary in size, depending on the flow of water 
required and the length of run (Fig. 29). 

Fig. 29: Drip emmitters positioned around base of tree 
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Depending on the type, emitters may be 
positioned above or below ground, but always 
directly within the rootzone of the plant. 
For large shrubs or trees, several emitters 
are typically looped around the base of the 
plant for effective coverage. 

A low pressure microporous tubing that 
sweats water along its entire length is also 
available. Microporous tubing is used in 
place of emitters for lawn areas or bedding 
plants. Because of the number of rows and 
the close spacing required for uniform distri
bution of water from microporous tubing, large 
areas may be irrigated more economically by 
other systems. 

Because the soil has ample time to absorb 
the slow trickle of water from emitters, drip 
systems perform well on sloped land. In 
California, avocado orchards with hillsides 
in excess of 50-60 percent slope are irrigated 
successfully with drip systems. 

Drip Irrigation and Saline Water 

An added advantage of drip irrigation 
is that it works well even with quite saline 
water. When irrigating with conventional 
systems, the concentration of salt in the 
soil increases as the soil dries out between 
applications of water. Eventually, the soil
moisture tension rises sufficiently to make 
it difficult for the plant to absorb the 
remaining irrigation water. This will occur 
even though the soil appears moist. Leaf 
burn (the margins of the leaf turning brown 

and crisp) or the accumulation of a white 
salty crust on the soil surface is a visible 
clue to this condition. To control salt 
accumulations, soils must be flooded at 
regular intervals to leach the salts down 
and away from the rootzone. 

With drip irrigation, the buildup of salts 
is minimal. Because of the slow continual 
application of water, the salts are carried 
out to the edges of the rootzone by a continuous 
advancement of water. The salt concentration 
within the center of the rootzone remains 
fairly constant, at the same level as the 
i~rigation water. This is particularly 
important in arid regions, where much of the 
available irrigation water is saline (Fig. 30). 
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Fertilizing with Drip Irrigation 

Drip irrigation also allows the most 
efficient application of fertilizers since 
water-soluble fertilizers can be injected 
directly into the system. Nutrients are 
accurately distributed into the rootzone, 
eliminating the waste that occurs when 
fertilizers are distributed to areas between 
plants or lost through deep percolation. 
Consequently, this technique of irrigation 
minimizes the chance of chemical contami
nation of groundwater and surface water. Also, 
fertilizer burn is virtually nonexistent 
because the chemicals are heavily diluted 
in the irrigation water before application. 

The efficiency of a drip system, like 
any irrigation system, is dependent on how 
well the system is managed, as well as the 
cost of labor, materials, water, the con-
di tion of tbe soil and the choice of plant 
material, but the benefits that can be 
realized with a drip system, as outlined 
below, clearly indicate that it is an effec
tive way to irrigate desert regions. Some 
benefits of drip irrigation: 

a Water is distributed only to the 
root zone of the plant" and not to 
areas between plants 

• Evaporation is minimal 
• Water can be delivered at a rate 

roughly equal to the rate of evapo
transpiration, eliminating excessive 
loss through deep percolation 

• Drip systems work well with saline 
water 

• An efficient application of fertilizer 
can be achieved 

• Drip systems can effectively irrigate 
sloped land 

• Installation and labor costs are 
less than with other systems 

Harvesting Rainwater to Supplement Irrigation 

In arid lands the greatest portion of 
annual precipitation is classified as runoff. 
A small percentage of this runoff is used to 
recharge underground water tables. The re
mainder, as much as 75 percent or more depend
ing on the area, is lost to the atmosphere 
through evaporation from the soil surface and 
as transpiration from vegetation. This can 
amount to a sizeable quantity of water. 

The harvesting of rainwater, by means of 
a catchment area to collect the water and 
concentrate it into a controlled area, or into 
a storage facility for later use, is a viable 
alternative water source for arid regions. 

Runoff agriculture (the use of harvested 
water for the production of crops) has been 
used for over 4,000 years in the Middle East. 
It was also used by the ancient Hohokam Indians 
of the American Southwest, so the concept is 
not a new one. But recent interest in this 
old technique of generating a usable water 
supply in desert regions has be.en spurred by 
the rising cost of water and the rapid 
development of arid lands where dependable 
water sources are lacking. 
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Water harvesting can be viewed at two 
different scales. First is the large-scale 
system designed for the irrigation of field 
crops or for supplying water to livestock. 
The catchment areas can be treated artifi
cially in some fashion to make them less 
impervious and therefore increase runoff. 
Treatments are typically classified as either 
land surface alterations (cleaning and smooth
ing, shaping, compaction), chemical treatments 
(silicone water repellents, sodium clay dis
persants), or groundcover modification 
(various asphalts, concrete, sheet metal, 
butyl rubber, and exposed or gravel-covered 
plastic). Storage facilities range from large 
steel, above-ground tanks, to plastic or rock
lined earthen reservoirs. 

;zorlt! 2. 

The size of the catchment area and the 
storage facility are a function of local 
precipitation, the site, the quantity of water 
desired, and the efficiency of the system's 
components used to collect and store the water. 

Secondly, at a smaller scale, is the use 
of rainwater collected from rooftops, driveways, 
and patios for the irrigation of residential 
landscapes. At this residential scale,. as 
with the larger systems, the collected water 
may be diverted directly to planted areas or 
stored for future use. 

If we return to our 'zones of suitability' 
discussed earlier, it is easy to see that one 
direct use of site runoff would be to irrigate 
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the drought-tolerant plants in Zone 1. For the 
average site minimal grading could direct 
rainwater to the edges of the property where 
shallow depressions would serve as watering 
basins. Both Zone 3, with its high percentage 
of impermeable surfaces, and Zone 2, having 
relatively large open spaces of lawn and inert 
groundcovers, will function well as collector 
areas (Fig. 31). 

By using this same technique, water could 
be diverted to any area on the site, depending 
on topography and the location of the planted 
areas. The size of the collection area and 
the size and depth of the watering basin around 
the plants can be designed to deliver quanti
ties of water proportional to the requirements 
of the species used, with high water- demanding 
plants receiving proportionally more water than 
low water-demanding plants. 

Sharp changes in grade, such as from 
collector areas to detention basins, are 
critical erosion points. An attractive and 
economical way to treat these problem areas 
is with rock rip-rap. 

Mulches Help Conserve Soil Moisture 

Used as mulch, rock is also an effective 
way to pxevent excessive evaporation of soil 
moisture. When using mulches for this purpose, 
rock or otherwise, the soil out to the drip
line of the plant should always be covered 
to insure that most of the rootzone is pro
tected. Rock mulches also act as thermal 
insulators. On cold winter nights they 

protect tender roots from frost damage, and 
during the heat of the day they help prevent 
excessively high soil temperatures. 

Rock is certainly not the only effective 
mulch for desert landscapes, but its avail
ability (economy), its relation to the desert 
landscape (aesthetics), and its ability to 
prevent erosion (functional durability), make 
it a top contender (Fig. 32). 

Fig. 32: Rock mulches help conserve soil moisture (-Landscape 
Architect War~en Jones) 
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Conclusion 

As world population grows, there is 
increasing pressure to develop our arid 
lands, development that will tax these regions' 
natural resources to their ultimate. In a 
time of global energy consciousness and con
cern for safeguarding natural systems, the real 
test for our desert communities will be to 
encourage growth and promote the unique quality 
of life that arid environments offer, while 
simultaneously preserving the very fabric 
of the desert ecology. 

We can best accomplish this by working 
within the limits of the natural carrying 
capacities of arid lands. Physical planning 
must acknowledge the necessity to preserve 

water resources. Drought-tolerant vegetation 
must be chosen for landscapes over high water
demanding exotic species, and even rainwater 
must be captured and used as an important 
source of freshwater. Our dwellings need to 
be energy efficient, using passive solar 
energy designs that will eliminate our depen
dency on energy intense heating and cooling 
systems. Microclimates must be put t.o work 
for us, creating natural buffers against 
extremes of heat, cold, and desert winds. 

Our man-made environments that emerge 
out of the sand and rock must reflect more 
clearly than ever before, if we are to succeed, 
the lifestyles of a people who have learned to 
live in harmony with the desert. 
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DESERT HOUSING AND ENERGY CONSERVATION 

Introduction 

Housing design in desert areas should aim 
at fulfilling the basic human requirements 
for comfort by providing an indoor environment 
and, to a certain extent also, a man-made out
door environment which mitigates the harshness 
of nature and enables rest and recuperation. 
In view of the world's energy situation this 
objective should be accomplished with minimum 
expenditure of exhaustible energy resources 
and maximum utilization of the natural, 
renewable, energies available in deserts for 
heating and cooling of buildings. 

To these ends the climatic features of 
deserts which cause human stress and dis
comfort and affect the thermal behavior of 
buildings and their indoor climate, as well 
as those which can be used as natural sources 
for heating and cooling, should be well 
understood and taken into account in housing 
design. Then human requirements for thermal 
comfort specific to the desert environment 
should be analyzed and related to diurnal 
and annual patterns of outdoor conditions and 
to the potential for modifying indoor thermal 
conditions by designs suitable to prevailing 
climatic conditions. 

While it is possible to greatly reduce 
energy requirements for maintaining indoor 

B. Givoni 

comfortable conditions in desert areas, in 
most cases there will still be a need for some 
energy input for winter heating and/or for 
summer cooling, as well as for the provision 
of household hot water supply year round. 
Fortunately, deserts have special character
istics which make it possible to provide most, 
and sometimes all, of the thermal energy 
requirements from natural renewable sources. 

Thus energy conservation could be achieved 
in deserts by the complementary effects of 
two lines of action in housing design: m~n~

mizing the energy needs by proper building 
design, and maximizing the use of available 
natural energy sources for heating and cooling. 

The first line of action, designing a 
building to minimize the energy needs for 
comfort, involves various aspects of housing 
design: neighborhood planning, type of houses, 
house layouts, orientation of main facades 
and windows; size, location and details of 
windows, shading, colors of walls and roof, 
building materials, all should be considered 
with a view to their impact on the thermal 
behavior of the building and its energy 
requirements. 

The second line of action, maximizing 
the use of natural energy sources available 
in deserts for heating and cooling, involves 
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analysis of the potential of such sources as 
solar energy, nocturnal radiation, night cool 
air, night evaporation, etc., to provide the 
necessary energy requirements and using 
those sources which can be used with simple 
and inexpensive technical facilities. 

Climatic Features of Deserts Relevant to 
Housing 

Although cold deserts also exist, the 
present paper is limited in its scope only 
to deserts which are hot in summer, while 
being comfortable or cold in winter. Such 
hot-dry summer climates are found mainly 
in the subtropical regions of Africa, central 
and western Asia, the Middle East, north
western and South America, and central and 
western Australia. 

The main characteristic of such climates 
is aridity, a result of the Trade Winds 
becoming heated during descent as they blow 
southwest and northwest toward the Equator. 
Ambient vapor pressure varies with seasons 
and locations, about 10-15 mmHg in summer, 
5-10 mmHg in winter. 

The low vapor pressure of the air has 
direct importance for human comfort because 
it enables fast evaporation of the sweat 
produced for physiological cooling. In 
consequence comfort can be maintained with
out intensive air speed at higher temperatures 
than is possible in the more humid regions. 
The ability to eliminate ventilation during 
the hot hours of the day enables a substantial 
reduction of indoor daytime temperature as 
compared with the outdoor temperature. 

The aridity of deserts is accompanied 
by other features affecting human comfort and 
the thermal behavior of buildings (Givoni, 
1976). Direct solar radiation, augmented by 
the radiation reflected from light-coloured 
terrain, is very intense, reaching up to 800-
900 watts/m2 on a horizontal surface. This 
radiation is both a cause of heat load and a 
potential source of energy for heating in 
winter and for solar-absorption cooling in 
summer. 

Low humidity and clear skies result in 
a wide temperature range of the ambient air 
and of irradiated surfaces. A diurnal temper
ature range of up to 20°C is not uncommon, 
while the range of a dark colored roof or a 
wall may reach 50°C and more. Summer daytime 
air temperatures may be about 35-45°C, depend
ing on the particular location. Night temper
atures in summer are in the range of IS-25°C, 
depending on location. 

Some deserts may experience comfortable 
winters, others may have temperatures well 
below freezing. Because winter temperatures 
vary from place to place, depending for the 
most part on altitude, heating requirements 
may vary greatly throughout the desert world. 

Human Comfort Requirements in Desert Housing 

For comfort in summer the indoor temper
ature should be kept below 28°C when ventilation 
is to be eliminated, i.e., during the hot 
hours of the outdoor air. This seemingly high 
limit is possible in desert regions because 
of the low humidity which prevents discomfort 



due to clamminess and wet skin which is 
experienced in still air at such a temperature 
in the more humid regions. 

Elimination of ventilation in the hot 
hours of the day is necessary in order to 
minimize the rate of heating of the interior 
of the house and to keep the mean radiant 
temperature of the internal surfaces below 
the level of the indoor air temperature, by 
taking advantage of the thermophysical pro
perties of the building which are recommended 
for desert regions (see p. 65). 

In late afternoon greater comfort may 
be experienced when the house is ventilated, 
although such ventilation may actually raise 
the indoor temperature for a few hours. The 
decision to open the windows in those hours 
or not depends on the personal relative 
preference for a higher air speed with higher 
temperatures or lower temperatures at still 
air. 

Afternoon dust storms in many desert 
regions require closed windows during these 
events, even though ventilation might be 
welcome for thermal comfort. In these areas 
the rate of rise of the indoor temperature 
should b~ kept as low as practicable to 
postpone window openings until evening when 
ventilation is desirable, both for physiolog
ical comfort and to enable the building to 
cool by eliminating the heat accumulated in 
daytime. 

Winter thermal comfort requirements in 
deserts, like those in other regions with 

similar winter temperature ranges, suggest 
indoor daytime temperatures above 20°C, night
time temperatures allowed to drop to approx
imately 18°C. Advantage should be taken, 
however, of winter sunshine in desert regions, 
both for direct sun penetration through windows 
and its attendant warming effect, and for the 
psychologically pleasing effect. 

Approaches to Energy Conservation 

In desert regions, energy conservation 
for summer cooling and winter heating can be 
achieved by combinations of the following: 

1. 

2. 

3. 

Eliminating need for mechanical air 
conditioning in summer by the 
application of housing design that 
provides indoor comfort by natural 
ventilation when outdoor temperatures 
are favorable, i.e. in the range of 
23-30°. 

Eliminating need for mechanical air 
conditioning by keeping indoor 
temperatures below the 28° level 
when ventilation is excluded. In 
seasons when outdoor temperatures 
do not exceed 35°, this can be achieved 
in desert regions by suitable details 
of design and choice of materials 
(see p. 60-64). 

Minimizing the heat load and result
ing cooling requirements in summer 
when air conditioning is necessary, 
and heating requirements in winter, 
through design details and choice of 
materials (see p. 64). 
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4. Using the natural energies available 
in desert regions for heating and 
cooling, thus minimizing or even elim
inating the use of conventional fuels. 

Eliminating the need for air-conditioning 
by comfort ventilation requires that the 
location, size and details of the openings 
wi11 enable having adequate indoor air velocity 
of about 0.7-1.0 m/sec, even when the out-
door wind is gentle. This wind speed should 
be realized at the level of occupation in the 
house, i.e., at a height of about 1 m above 
the floor. Assuming an outdoor wind speed 
of 2-3 m/sec outside the house, which is 
common in the evenings in desert regions, 
it means that the indoor air speed should 
be about 35-50% of the outdoor wind speed. 
This ratio of indoor to outdoor wind speed 
should be aimed at in the design of the 
natural ventilation system. 

To eliminate the need for air conditioning 
by limiting the elevation of the indoor 
temperature and keeping it within the bound
aries of the comfort zone, under still air 
conditions, the following conditions should 
be met: 

1. 

2. 

Minimizing the solar heat load on 
the building through orientation, 
external colors, shading of windows, 
etc. 

Minimizing the inward heat flow 
during daytime hours by adequate 
insulation and minimal air infil
tration. 

3. Providing high heat capacity to 
enable absorption of the penetrating 
heat with little elevation of indoor 
temperatures. 

4. Provision for rapid heat loss from 
the interior during evening and 
night hours. 

The two seemingly contradictory a~ms 
mentioned in 3 and 4 can be realized by a 
combination of certain properties of the 
materials (p. 65 , and controlled ventilation. 
With such a combination it is possible to 
reduce the late afternoon, indoor maximum 
temperature and keep it below the level of 
the outdoor maximum, by about 40-50% of the 
outdoor temperature amplitude. 

Thus, for example, in a desert region 
with a maximum temperature of 37°C and a 
minimum temperature of 19°C (temperature 
amplitude of 18°C), it should be possible 
by a combination of proper design and con
trolled ventilation to reduce the indoor 
maximum temperature by about 7-9°c below 
the outdoor maximum and limit it to about 
26-28°C, before ventilation is resumed in 
the late afternoon. 

Minimizing the thermal load on the building 
is necessary both for the elimination of the 
need for air-conditioning when comfort can be 
maintained by one of the approaches discussed 
above, and for minimizing the energy consumption 
during those periods when comfort cannot be 
maintained without mechanical air-cond~tioning. 



Thus by a proper design of the house 
the size of the air-conditioning system can 
be reduced, bringing down the initial invest
ment, as well as reducing the operating cost 
and energy consumption of the system over 
its lifetime. 

In many cases use of the natural energies 
of the desert for heating and cooling may 
eliminate altogether the need for mechanical 
air-conditioning. The different options 
available, using the specific features of 
the desert climate, will be discussed below 
(p. 68). 

In some cases realization of one comfort 
option reduces or eliminates the possibility 
of achieving another. Thus, for example, 
intensive daytime ventilation may provide 
comfort if the outdoor temperature is 32°C, 
but as a result the possibility of reducing 
the indoor temperature below the outdoor 
level is lost. Furthermore, in the evening 
when the wind subsides, a house which was 
ventilated during the hot hours would be 
hotter and less comfortable than a house 
which was kept closed in the daytime, due to 
the heat absorbed in the structural mass 
from the ventilating air. The relative 
efficacy.of ventilation versus temperature 
reduction, from the human comfort viewpoint, 
depends on one hand on the type of climate 
and on the other hand on the details of the 
house design and its occupancy. Sometimes 
special requirements of building usage, 
e.g., natural illumination in offices and 
classrooms, may render one approach imprac
tical or undesirable. 

Principles for Neighborhood Planning in Deserts 

General Considerations 

The main objectives in setting special 
principles for the planning of neighborhoods 
in desert regions are to minimize the environ
mental stresses on people when they stay out
doors (working, shopping, playing, strolling, 
etc.) and to improve the chances of individual 
buildings providing an indoor comfortable 
environment with a minimum usage of energy. 

The outdoor environmental stresses in the 
desert are mainly of three types: 

1. 

2. 

3. 

High heat stress in summer days, 
resulting from the high ambient air 
temperature and the intense solar 
radiation. 

Prevalence of dust storms, mainly 
in the afternoons. 

Cold winds in the winter seasons in 
deserts which are cold in winter. 

To ameliorate heat stress on summer days, 
neighborhoods should be planned so that dis
tances for people walking and children playing 
will be short. Sidewalks should be shaded as 
much as possible, either by trees or by buildings 
along them. Shade is particularly desirable 
in places where people (and especially children) 
congregate outdoors during daytime hours. 

Distribution of shopping places, schools, 
and other urban services may differ greatly, 
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depending on the organization of such 
services in particular societies. 

In any case in order to reduce stress 
resulting from necessary outdoor activities 
in such circumstances, it is desirable to 
insure close-by basic services even in 
societies which rely mostly on individual 
and organized motorized transport such as 
central shopping centers, bussing to schools, 
etc. 

Dust storms in desert regions are of 
two types: 

1. 

2. 

Regional storms, in which dust 
extends to great heights (hundreds 
of meters) and covers very large 
areas (hundreds or thousands of 
kilometers). Such dust storms 
occur from time to time but are 
not a daily phenomenon. 

Local dust "waves", originating in 
the local area and extending in 
height to several meters and in 
distance covered to several hundred 
meters. Such "storms" are in many 
places a daily phenomenon. 

Nothing can be done on the neighborhood 
scale to stop or even minimize the impact 
of regional dust storms outdoors, nor can 
inhabitants minimize or stop the penetration 
of dust indoors. On the other hand, much 
can be done in neighborhood planning to 
reduce the occurrence and minimize the impact 
of local, more frequent, dust "waves". 

The main factors affecting the frequency, 
intensity and range of local dust storms are 
ground cover and the wind speed near ground 
level. Both these factors can be affected 
by neighborhood design features. 

Treatment and upkeep of ground cover 
should be analyzed separately for privately
owned and public areas, but any bare ground 
not planted, irrigated, or paved, may 'consti
tute a source of local dust storms, and the 
extent of such bare land should not, therefore, 
be overlooked in planning outdoor space on 
either a neighborhood or private scale. 

Except for the atypical wealthy desert 
dweller, particularly in desert developing 
countries, plot sizes for single family low
cost housing accommodate best to water scarcity 
and concomitant water costs when they are 
fairly small and where planting and cultivation 
of gardens can be done efficiently by the 
individual family. 

Public areas within the neighborhood 
borders should also be limited in size to 
areas which can be well kept. Large public 
bare land is frequently the source of dust 
nuisance for the built-up area around it. 

Low hedges are effective in reducing 
wind speed near the ground, while not blocking 
the wind at higher elevations. Their use, 
together with other types of vegetation, 
should be considered as means for controlling 
dust in the neighborhood. 



In the development of new neighborhoods 
in desert regions, special attention should 
be paid to the treatment of the windward 
borders. The land should be kept in its 
natural condition as far as possible, so that 
the natural ground cover of desert plants 
will limit the source of dust. 

Parks and Playgrounds 

From the human comfort point of view, 
parks and playgrounds should provide ample 
shade and protection from dust in summer, 
as well as protection from cold winds in 
winter. Large lawns and flower beds without 
shade contribute little to the possibilities 
of the inhabitants -- ordinary citizens, 
elderly, and children alike -- possibilities to 
rest, relax, or play on a hot sunny day. Thus, 
plenty of places to sit in the shade should 
be provided along roads and trails in public 
parks, and in children's playgrounds for 
shaded space for play and rest to m1n1m1ze 
the danger of overstress and heat strokes. 

In winter provision for wind protection 
is of particular importance in deserts with 
cold winters. The availability of sunshine 
and the.absence of much rain in winter can 
enhance greatly the attraction of desert 
settlements as winter resorts. Protection 
from cold winds will help greatly in enjoying 
these qualities. 

Type of Housing 

Choice of housing types by those to be 
housed depends on socio-cultural preferences 

which may differ greatly among different 
societies in different countries. Since 
each type of house, such as single-family, 
townhouse-row buildings, or multi-storied 
apartment complexes has some specific impact 
on the thermal comfort and energy expenditure 
in desert regions, these factors as well as 
some more specific psychological ones, will 
be discussed in the context of the varying 
weights attached to the array of choices. 

Multi-Storied Apartment Buildings 

From the thermal point of view, multi
storied buildings have less envelope surface 
area than other types of residential buildings. 
For a given thermal quality of the envelope, 
then, the energy demand per dwelling unit 
when heated or air conditioned will be less 
than in other types of building. This applies 
in particular to internal units with adjoining 
neighbors on each side, above, and below. Any 
design, therefore, which maximizes the number 
of internal units, such as block buildings 
where the length of the block equals approx
imately its height will minimize the total 
thermal energy requirements. 

All the above, however, applies to the time in 
which the building is heated or air-conditioned 
by conventional energy sources. In some cases, 
such design may reduce opportunities for natural 
ventilation, which in turn can eliminate the 
need for air conditioning or reduce the duration 
of time in which it is essential. Such buildings 
may also have less potential than the other 
types for the use of natural energies, especially 
for summer cooling by outgoing night longwave 
radiation (p. 68). 
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In multi-storied buildings it may be 
more difficult to find the space required 
for thermal storage and to accommodate the 
weight of the storing materials. This point 
applies particularly to air systems which 
use gravel for energy storage. 

When some apartments in a multi-storied 
building do not have sufficient wall area 
facing south, the solar energy system might 
have to be much more centralized and complex. 
In addition to the greater length of ducts 
and pipes, such systems have to deal with 
the problem of energy distribution and cost 
to different inhabitants. 

Multi-storied buildings enable higher 
residential densities, a factor which usually 
reduces length of infrastructure facilities 
such as roads, water lines, sewage, etc. On 
the other hand, more land between buildings 
remains without individual personal respon
sibility. The impact of this factor on the 
treatment of the land and dust prevalence, a 
significant factor in the quality of a desert 
environment, depends on the socio-cultural 
characteristics of the inhabitants. In some 
societies communal care for the land between 
buildings may result in better treatment of 
the land while in other societies it may lead 
to neglect and wind erosion. 

Aridity, which prevents the growth of 
most plants without regular irrigation, makes 
the problem of land treatment a more severe 
one in a desert, compared with the effects of 

neglect in a more humid climate, where some 
vegetation cover can be maintained without 
irrigation. 

To provide solar heating in winter multi
storied buildings would have to follow a 
rather strict orientation. As the roof area 
is relatively small the main element for solar 
collection is the southern wall (in the Northern 
hemisphere). There, both the windows and the 
opaque parts of the wall of each apartment 
facing south can be used for the collection 
of the energy so that each can be self-sufficient 
in this respect. Any significant deviation 
from a southern orientation will reduce the 
potential of available solar energy. However, 
care should be taken to prevent the shading 
of one building by another high building to 
its south. 

Single Family Houses 

From the energy demand point of view 
single family houses, because of their relative 
largest envelope surface area, are the most 
energy demanding when they are heated or air
conditioned. On the other hand they may offer 
the best opportunities for natural ventilation 
and the highest potential in desert regions 
for use of natural energies for heating, and 
especially for summer cooling. 

This is so because of the special role 
of the roof from the energy viewpoint, par
ticularly in desert regions. The roof is the 
surface most exposed to climatic elements, 



especially to solar radiation in daytime and 
to sky radiation at night. In deserts both 
these factors are maximized. In consequence, 
single family houses experience a larger heat 
gain in summer and a larger heat loss in 
winter than other types of buildings. 

On the other hand the roof can be the 
most useful building element for collecting 
solar energy for winter heating and for 
summer solar absorption cooling, as well as 
for the capture of the cold resulting from 
the nocturnal radiation (see p. 70) 

Because the walls of single family 
houses face at least four directions, these 
houses are less sensitive to orientation 
effect, although the problem of choosing the 
orientation of the different rooms, and 
especially that of the large windows, still 
exists. 

In some societies, single family houses, 
with their attached land under owner (or 
occupant) control, may be one of the factors 
attracting people in increasing numbers to 
desert areas especially where many people, 
including professionals, are priced out of 
the single family home market in more settled 
temperate zones. Desert land may be less 
expensive - though this may be less and less 
so in future - and thus attract this class 
of occupants. 

Considering water shortages and high 
costs in desert regions, and the need for 
water for irrigating gardens, it might be 
desirable to limit the lot size of single 

family houses, to have more chance of the 
land allocated being cultivated to avoid 
dust generation on unattended land. 

The recent developments of the dry 
"organic" toilet, such as the Multrum Clivus, 
together with filtering techniques which enable 
direct use of water from bathing and from the 
kitchen for irrigation, make it possible 'to 
consider desert housing neighborhoods in which 
the sewage system can be avoided and all the 
water supplied to the house being used for 
garden irrigation. Such an approach might 
reduce greatly the amount of water needed for 
the household and be of special interest in 
desert housing. 

From the viewpoint of natural energies 
use, single family houses can make good use 
of the ground area under the house for thermal 
storage at a larger scale than is possible in 
multi-storied buildings. As a result, air 
systems with gravel thermal storage are more 
practical in single family houses than in 
large apartment buildings. Such systems have 
special advantage in many desert regions because 
the thermal storage can be used to capture the 
coolness of night and thus provide a very 
inexpensive natural cooling system. This 
point will be further discussed (p. 65-68). 

Townhouses (Row Buildings) 

Townhouses, or row buildings as they are 
called in some countries, may combine some of 
the advantages from the energy viewpoint of 
both multi-storied apartment buildings and 
single family houses. Their main impact on 
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planning is in the higher densities they make 
poss~ble, compared with single family detached 
houses. 

Considering the envelope surface area, 
townhouses are in between the two other 
types. Each dwelling unit has its own roof 
and its own underground area, as well as a 
piece of land attached to it. When neighbor
ing units share a common wall the total 
exposed wall area is lower than in single 
family houses. Except for the end units, 
all houses have essentially two orientations, 
although with varying setbacks it is possible 
to provide four exposures to each unit. 

In most of the aspects discussed above 
townhouses are like single family houses, 
but one important exception is the sensitivity 
to orientation. Because units are lined in 
a row, orientation is a much more sensitive 
issue than in the case of the detached house. 
The general impact of orientation will be 
discussed in detail in the "Building Orien
tation and Shading" section (p. 61). 

In those cases where higher density is 
considered desirable, to shorten walking 
distances to various services, for example, 
townhouses may offer the optimal solution 
for neighborhood planning. When such higher 
density is contemplated, dwelling units in 
townhouses may be of two or even three stories. 
With such a design, neighborhood densities 
can be obtained close to those obtainable 
with multi-storied apartment houses, when 
they later are spaced with adequate distances 
between them. 

Architectural Principles for Desert Housing 

The architectural aspects which have an 
impact on the thermal behavior of the building 
and its indoor climate, and thus on human 
comfort and energy requirements, cover in 
effect almost all the details of building 
design. In this section the following archi
tectural aspects will be discussed in relation 
to desert housing: 

house layout 
orientation of main facades and windows 
window size, location and details 
shading of windows, roofs, and walls 
the colors of buildings 
use of vegetation near the house 

In the next section (p. 64) properties of 
building materials desirable in deserts will be 
discussed. The last section (p. 68) will deal 
with the use of natural energies for heating 
and cooling in deserts and the integration of 
natural energies systems within the design of 
the house. 

House Layout (Configuration) 

The term layout in this context refers 
mainly to the compactness or otherwise of the 
house plan. The main impact of layout, from 
the energy point of view, is its effect on t~e 
envelope surface area, and on the potential 
for natural ventilation. 

The more compact the house plan, the 
smaller the surface area of the walls for a 
given floor area. As a result, the heat 



exchange by conduction between the house and 
the ambient air is decreased. In seasons 
and hours when the house is either heated or 
air-conditioned, the smaller surface area 
reduces the energy demand of the house. 
Vice versa, when the plan of the house is 
outspread, the larger surface area of the 
walls causes a greater heat gain or loss 
and a greater energy expenditure of the 
conditioning equipmerit. 

However, an outspread plan may offer 
better opportunities for natural ventilation, 
and more freedom and flexibility in the design 
of the plan. It may also enable faster 
cooling in summer evenings and so may reduce 
the need for air conditioning in seasons and 
hours when comfort can be provided by natural 
ventilation. It should be remembered, however, 
that with careful location and design of 
windows, good natural ventilation can be 
achieved in most cases, even in compact plans. 

Of particular interest in desert housing 
might be layout of two stories for a given 
dwelling unit, either a single family house 
or a townhouse, a configuration that may 
enable the achievement of a smaller total 
surface area together with a better potential 
for natural ventilation, resulting from the 

smaller depth of the plan for a given length. 

When relatively small surface area is 
combined with provisions for good natural 
ventilation, it is possible in many desert 
regions by proper choice of materials to 
stabilize the indoor temperature at a level 

lower than the outdoor average diurnal temper
ature and thus eliminate the need for air
conditioning. A detailed discussion of this 
point is presented in the next section "Building 
Materials for Desert Housing" (p. 64). 

Building Orientation and Shading 

The main objective in deciding upon'a 
given orientation in hot deserts is to minimize 
the impact of the sun in summer. In regions 
with cold winters a second objective is to 
maximize the solar impact in winter. 

Most of the world's hot desert areas are 
located in the sub-tropical latitudes where the 
highest intensities of the impinging solar 
radiation in summer occur in the eastern and 
western walls, and in winter the highest 
intensity of impinging radiation on the southern 
wall. 

This pattern of solar impingement on the 
different walls results in a clear preference 
in subtropical deserts for north-south orien
tations for the main facades, and especially 
for the windows. Such orientation enables easy 
and inexpensive shading in summer of the 
southern windows, and the wall in general, by 
horizontal overhangs. Such overhangs effectively 
block the rays of the summer sun, high in the 
sky (solar noon altitude of 70-80°) when 
irradiating the southern wall. In winter, 
the rays of the low sun (solar noon altitude 
of 20-30°) can penetrate below the overhang 
and be used for heating. 

61 



62 

The north-south orientation is recommended 
particularly for long buildings, such as 
multi-story apartments and townhouses. Shading 
of windows in eastern and western walls by 
fixed shading devices is much more difficult 
and inefficient. Consequently, adjustable 
shading devices should be used, and be located 
outside the glazing. When appropriate ad
justable shades are provided the solar heat 
gain through the windows can be reduced by 
as much as 80% of the impinging radiation. 

Window Size, Location and Details 

Windows can perform four functions, 
whose relative importance varies under 
different climatic conditions: 

provision of daylight 
prov1s10n of view and visual contact 
with the outdoors 
provision of natural ventilation for 
direct physiological comfort 
provision of natural ventilation for 
structural cooling. 

The sizes and details of the windows 
could be optimized in each climatic region 
to accommodate the specific human requirements. 

In hot deserts ordinary windows tend to 
raise the indoor daytime temperature, and 
the larger the window area the greater is 
their heating effect, especially when sun 
penetration is not effectively prevented by 
shading or orientation. But even when sun 

penetration is completely eliminated and the 
windows are closed, their small thermal 
resistance and air infiltration through the 
surrounding cracks makes them the weakest 
point from the aspect of heat gain. 

Cross ventilation can be achieved even 
through relatively small windows, if properly 
located with respect to the wind direction. 
Because sunlight in deserts is very intense, 
it is generally considered that small windows 
are more suitable for deserts than larger 
ones. However, with special design details 
large windows can be provided in deserts with 
advantages from the thermal point of view. 

When highly insulated shutters are added 
to large windows their thermal effect can be 
adjusted to the varying needs, both diurnally 
and annually. In summer, the shutters can be 
closed during the hot hours, admitting light 
into the house only through small, shaded 
windows. In the evening and night hours the 
shutters and the windows can be left open, 
increasing the rate of cooling of the interior. 

In winter, large southern windows can 
provide significant direct solar heating of the 
interior. Closing the insulated shutter during 
the night traps the heat indoors and reduces 
the rate of cooling and thus helps maintain 
comfortable indoor night temperatures. 

In regions where dust is a significant 
nuisance, design details of windows and shutters 
should enable tight closure when they are closed. 



In some desert areas where insects may 
be abundant in certain periods, screens should 
be included as an integral part of the window 
system. It should be possible for the screens 
to be kept closed when the windows and shutters 
are open. 

To facilitate cross-ventilation when 
desired, windows should be placed on both 
the windward and leeward facades. If such 
location is provided, effective ventilation 
can be achieved even through relatively small 
windows (e.g., with a total openable area 
of about 10% of the floor area or less). 

The Colors of Buildings 

The color of the walls and the roof has 
a tremendous effect on the solar impact on 
the building and its indoor climate, partic
ularly in desert regions where solar intensity 
is higher than in other regions. 

Because of the different patterns of solar 
incidence on the roof and on walls with 
different orientations, the importance of 
color as a controller of the indoor climate 
is variable. For the roof, the influence of 
color is at maximum. The difference in the 
maximum surface temperature in summer between 
a white roof and a black one in a desert can 
be about 40°C. The resulting heat gain to 
the building interior depends on the thermo
physical properties of the roof, but in general 
it is quite significant. 

Eastern and southern walls are also very 
sensitive to their external color, while the 
northern wall is the least sensitive. The 
southern wall presents a special case because 
it receives most radiation in winter, when 
heating may be desirable. 

The problem of external colors in the 
desert becomes more complicated because of 
glare. Most deserts exhibit too much glare 
because of the light colored terrain and the 
lack of vegetation. All-white buildings, 
while being better from the thermal viewpoint, 
may intensify the environmental glare. There
fore a solution should be sought which will 
minimize the heat load on the building in 
summer without causing too much glare. Such 
a solution can be provided by careful design 
of some building elements and a selective 
choice of colors for different parts of the 
building. 

A great potential is offered by a variety 
of building elements projecting from the 
enclosed space, such as overhangs, wall-exten
sions, open balconies, etc. The thermal contact 
between such elements and the interior of the 
building is much less intimate than that of 
the walls and the roof directly enclosing the 
indoor space. Therefore they can have darker 
colors without increasing greatly the heat 
load. As such elements are the most exposed 
to the outside, their darker colors can sig
nificantly reduce the glare while the building 
surfaces behind them, which are in direct 
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contact with the interior, can be kept white. 
Such,treatment can also contribute to the 
visual variety of the environment. 

Such projections also cast shade at 
some hours on the walls behind them, thus 
reducing the glare when the walls are white. 

To fully use these possibilities it is 
desirable in desert regions to plan such 
projections, specifically so as to create 
areas of sufficient visual qimension, where 
darker colors can be applied without causing 
excessive heat load. 

In addition it is possible to have 
medium-light colors applied to the northern 
and southern walls, and thus add further to 
the variety of the environment, if such 
variety is considered desirable. 

Vegetation Near the House 

In many desert regions, the amount of 
vegetation which can be afforded on private 
lots is limited by the availability and cost 
of water for irrigation. Therefore, it would 
be desirable to use the vegetation in such a 
way that the contribution of a small green 
area ~o the comfort of the inhabitants is 
maximized. 

Plants near the house in desert regions 
can affect and improve the micro-climate 
inside and around the house in several ways 

and fulfill several objectives. For each one 
of the various objectives, different plants 
may be the most effective, such as: 

shading over the roof, walls and 
windows, play and rest area near the 
house 
reducing and filtering dust in and 
around the house 
increasing the humidity (in too dry 
climates) 
reducing the temperature in the 
vicinity of the house 
reducing the wind speed when this is 
desired 
concentrating air flow and increasing 
air speed when desired. 

Considering all these effects, it should 
be emphasized that the areas over which the 
influences are of quantitative significance 
are limited to the planted areas themselves. 
Only a narrow margin of peripheral area around 
the green area (on its leeward) is affected 
by the vegetation. The only exception is the 
effect of high and dense windbreaks on the 
wind speed, which extends to a larger distance 
than the other effects. 

Building Materials for Desert Housing 

General Remarks 

Traditional buildings in hot desert areas 
are built of high-mass, thick walls made of 



heavy materials, such as stone, bricks, adobe, 
mud, etc. Vaulted roofs with flat impervious 
external finish covered with earth also 
provide high mass to the building. Windows 
are usually small and protected from the 
sun by the thickness of the wall in which 
they are placed and in many cases also 
provided with wooden shutters. 

The thick and heavy structure of the 
walls and the roof suppress the amplitude 
of the external temperature and stabilize 
the indoor temperature at a level close to 
the average sol-air temperature of the external 
surfaces of the envelope of the building. 

Such construction results in indoor 
daytime temperatures significantly below 
the outdoor maximum daytime temperature and 
above the outdoor night temperature. The 
indoor maximum is usually reached in the 
late evening. 

In regions and seasons where the diurnal 
average outdoor air temperature is at the 
lower part of the comfort zone, e.g., about 
18-22°C, indoor conditions are comfortable 
throughout the day. But in seasons when 
the average diurnal temperature exceeds 
about 25°C, indoor night temperatures, both 
air and radiant, are too warm and may prevent 
restful sleep. 

Traditional solutions in many desert 
regions to such indoor nocturnal heat stress 
is to sleep outdoors on the roof or in a 

courtyard. In some areas, even the daytime 
summer indoor temperature is too high and 
comfort can be provided only by air conditioning 
or other means of cooling, such as evaporative. 

Today the availability of modern insulating 
materials, together with better understanding 
of the effect of their properties and design 
details on indoor temperatures make it possible 
to plan buildings in deserts with indoor . 
summer temperatures significantly below the 
average of the outdoor air temperature, thus 
providing natural comfort through longer 
periods of the year and requiring much less 
energy for summer cooling and winter heating. 

Properties of Building Materials and Elements 

Three thermophysical properties of building 
materials, and the building elements built of 
them, are of primary importance in desert 
regions, namely: 

Thermal resistance (R) 
Heat capacity (C) 
Solar absorptivity of the surface (a) 

The combination of thermal resistance 
and heat capacity results in a composite 
property, namely the Thermal Time Constant (TTC) 
which can be defined as proportional to the 
effective product of Rand C. (1) Thus, for a 
wall made of homogeneous material: 

TTC = 1/2 R x C 
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The average TTC of the building can serve 
as on~ of the most significant criteria for 
comparing and evaluating buildings in desert 
areas. The particular importance of these 
properties in desert regions results from 
three factors: 

1. high intensity of solar radiation 
makes solar absorptivity a property 
with greater effect and importance 
in deserts than in other regions 

2. low ambient vapor pressure makes 
it possible to achieve indoor 
comfort without ventilation up to 
a temperature level of about 27-28°C. 
The avoidance of ventilation during 
the hot hours of the day is essential 
for keeping the indoor temperature 
appreciably below the outdoor level 
till late in the afternoon. Such 
a reduction in indoor temperature 
is possible by provision of proper 
thermal time constant to the building 

3. large diurnal range of outdoor air 
in deserts, together with a selective 
pattern of diurnal ventilation, 
enables us to take full advantage 
of the thermal time constant of the 
building and to stabilize indoor 
daytime temperatures at a level well 
below high outdoor temperatures. 

To achieve such a performance, the building 
should have a specific combination of the 
above mentioned properties. It should combine 

a high thermal resistance of its envelope, 
together with a high heat capacity, in a 
definite way. The materials providing the 
heat capacity, both in the external walls and 
the roof and in the internal partitions and 
floors, should be enveloped by a layer of 
materials providing a high thermal resistance. 
Such a combination yields a high Thermal Time 
Constant. 

The high thermal resistance of the envelope 
minimizes the heat flow by conduction, through 
the walls and the roof, into the interior of 
the building. Nevertheless, heat is penetrating 
through windows both by conduction and by air 
infiltration even when windows are closed. 
Without sufficient heat capacity the indoor 
temperatures would rise to an uncomfortable 
level because of the penetrating heat. But 
when enough heat capacity is provided inside 
the enveloping insulation, then the penetrating 
heat can be absorbed with low rate of rise 
of indoor temperatures. 

In order to achieve such low rate of 
indoor temperature elevation by a high TTC, 
ventilation should be eliminated during the 
hot hours of the day. Otherwise the hot air 
will heat the interior directly, bypassing the 
insulating effect of the envelope. However, 
a building with a high thermal time constant 
but without a selective pattern of ventilation, 
e.g. closed day and night, would heat up slowly, 
but also cool down slowly. As the indoor 
temperature wave is delayed for several hours, 
the result is a high indoor temperature during 
the evening and night. 



But when high TTC is combined with a 
selective pattern of ventilation, i.e. ventil
ation only in the evening and at night, day
time heating is minimized while night cooling 
is provided by the ventilation, in spite of 
the high TTC. 

Calculation of the Thermal Time Constant 
of a Building Element 

While calculations of the thermal resis
tance, heat capacity and sol-air temperature 
are standard procedures and should not be 
repeated here, the calculation of the TTC is 
not familiar to many architects and engineers. 
Therefore, a short description of its meaning 
and procedure for its calculation is presented. 

The Thermal Time Constant is especially 
useful in evaluating the thermal character
istics of composite walls and roofs, built 
of several layers made of different materials. 
It takes into account, not only the values of 
the resistance and heat capacity of the 
different layers, but also their relative 
location with respect to the external surface 
of the building element. 

The Thermal Time Constant of a composite 
element (TTCw) is the sum of the TTC values 
of its component layers, (TTC2) counted from 
the external layer. Thus: 

TTCw = ~TTCI 

The TTCI is the product of the thermal 
resistance, from the outdoor air to the center 

of the layer in 
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question, and the heat capacity 
Thus, the TTC of the first 

when: 

TTC 
I d 

(_ + I 
h -

o 2 
~) (d1P l c l) 
Al 

TTCI TTC of the first layer 

ho external surface coefficient 

dl = thickness of the first layer 

Al thermal conductivity of its material 

PI density of the material 

cl specific heat of the material. 

For a wall or a roof with several layers the 
TTCw will be: 

TTC w 
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o 1 
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(--.!. + --.!. + 2 ) 
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+ (-+-+-+-) 

1 d l d d 
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By this procedure of calculation a com
posiee building element with an insulating 
layer close to the exterior on a high heat 
capacity layer close to the interior will 
have a high heat capacity, because the high 
thermal resistance of the external layer is 
coupled with the high heat capacity of the 
interior layer. 

On the other hand a composite building 
element with an external heavy layer and an 
internal lightweight insulating layer will 
have a low TTC because the low thermal re
sistance of the external layer is coupled 
with the low heat capacity of the internal 
layer. 

The weighted TTC of the envelope of the 
building is computed by summing the relative 
areas of the different elements of the envelope 
times their TTC values. Thus: 

TTCB = E 
A TTC w w 

LA 
w 

For windows the TTC is about zero, so 
they do not add the TTCB value although their 
areas are counted in the total area of the 
envel®pe: EAw. 

The weighted TTCB of the building as a 
whole is useful in estimating the pattern of 
the internal temperature, and especially its 
amplitude. The larger the TTCB is the smaller 
will be the indoor temperature amplitude, 
relative to the outdoor air temperature, in 

the absence of solar effect, e.g. when the 
external surfaces are all white and all the 
windows well shaded. When the walls and roof 
are not white, the weighted amplitude of the 
sol-air temperature should be substituted for 
the outdoor air temperature. 

An estimation of the indoor amplitude 
can be calculated by the formula: 

t. tl t.t 
o 

(1 - e 
-TT~ -B 

) (1) 

when t.tl is the indoor temperature amplitude 
and t.to is the outdoor amplitude. 

Natural Energies for Heating and Cooling 
Desert Buildings 

For heating buildings in winter and for 
hot water year round, solar energy is the 
obvious source, and in deserts it is plentiful. 
On the other hand, for cooling of buildings in 
summer other sources of natural energies are 
also available, in many cases more useful and 
usually less expensive than solar cooling. 
These alternative cooling sources are: 

Night convective cooling 
Outgoing longwave nocturnal radiation 
Evaporative cooling. 

All these natural cooling sources are available 
in deserts more than in other types of climate 
and can be exploited there to their full 
potential. 



When solar energy is contemplated for 
cooling, it has to be collected in the form 
of heat at a relatively high temperature, 
and then used to operate a heat-driven cooling 
system such as absorption refrigeration. 

The other natural energies, i.e., out
going longwave radiation, convective cooling 
at night, and water evaporation, are useful 
only for direct cooling. 

The natural phenomena involved are 
intermittent, both on a diurnal scale, such 
as the availability of solar radiation only 
in daytime and cooling by outgoing longwave 
radiation only at night, and on a larger 
scale, e.g.~ during a sequence of several 
cloudy days. On the other hand, the require
ments for summer cooling may be continuous. 
There are also day-to-day variations both in 
available energy and in the need for it, and 
sometime the need may be greatest while the 
supply is absent. 

In consequence, all systems relying to 
a significant degree on natural energies, 
have to incorporate as an integral part of 
the system a considerable capacity for energy 
storage. 

The Use of Solar Radiation for Home Cooling 

Solar radiation can be used as a source 
of energy to operate absorption air condition
ing as well as air dehumidification systems. 
In contrast to fuel-operated machines, where 
input temperature presents no special problems, 

there are difficulties when solar energy is 
the driving force. The efficiency of absorption 
machines drops as the input temperature is 
lowered. At the same time the efficiency of 
solar heat collectors drops approximately 
linearly with rising collector temperature. 
Tabor (1962) gives the following formula for 
the computation of the collector efficiency: 

E = 0.71 - 0.0054 ~ToC 

where E is the daily collection efficiency 
and ~T is the temperature rise above ambient. 

Therefore, the use of solar radiation as 
a source of energy for cooling requires absorp
tion devices operating at relatively low input 
temperatures. 

Another characteristic of absorption 
cycles relevant to the use of solar energy, 
is the relationship between temperature 
depression (condenser minus evaporator temper
atures) and temperature lift (generator minus 
condenser temperature). 

Temperature lift is larger than the 
depression and, as the condenser temperature 
rises with the ambient air (for air cooled 
systems), it follows that a rise of about 1°C 
in ambient air temperature requires an elevation 
of about 2.5°C in the collector temperature. 

Consequently, for a given temperature of 
the cooled air, there is a practical limit of 
the ambient air temperature from the viewpoint 
of the efficiency of the system. 
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One way to overcome this difficulty is to 
increase the surface of the evaporator and the 
flow rate of the cooled water, thus enabling 
the same cooling to be obtained at higher 
temperatures of the evaporator and lower tem
peratures of the collector. 

The Use of Outgoing Longwave Radiation 
for Cooling 

The possibility of utilizing longwave 
outgoing radiation for cooling is demonstrated 
by the drop of the surface temperature of 
horizontal insulated panels below ambient 
temperature at night. This drop depends on 
the sky conditions (cloudiness) and on the 
vapor pressure of the air. 

Outgoing night radiation can be used 
for cooling buildings in several ways. The 
simplest way to utilize the roof for summer 
cooling and winter heating is to expose it 
during the night and protect it from the 
sun during the day by movable lightweight 
insulating panels throughout the summer 
season, while reversing the procedure during 
the heating season. For this purpose the 
roof should have a black finish, preferably 
with a selective surface having high solar 
absorptivity and low longwave radiation 
emmisivity. Insulating panels should have 
a white finish, to minimize solar heating 
during the summer. 

The efficiency of cooling by outgoing 
longwave radiation can be increased by applying 
a cover transparent to longwave radiation, 

such as polyethylene, thus reducing the con
vective heat flow from the ambient air to the 
external surface cooled by radiation. 

The efficiency of cooling by longwave 
radiation can be increased by the use of roof 
ponds which can serve for both winter heating 
and summer cooling. Control of the heating 
and cooling processes and their diurnal pattern 
can be achieved by using either movable insu
lating horizontal panels or by flooding the 
roof and draining the water according to the 
needs for heating or cooling. 

For summer cooling, insulating panels 
are closed during the day, minimizing heating 
of the water by hot air and solar radiation, 
but are open during the night, thus cooling 
the water by convection and longwave outgoing 
radiation. Flooding the plastic bags or 
removing the transparent cover provides extra 
cooling. Heat-and-cold storage is provided 
by the pond itself when sufficient water is 
available on the roof and its structure can 
support the load. 

In the alternative control system, water 
circulates between roof pond and storage tank, 
which can be located either in the basement 
or in special space in the house. The need 
for movable insulating panels is thus eliminated. 

In winter, circulation takes place only 
during daytime when the water is heated by the 
sun. To prevent cooling by evaporation, the 
pond must be covered by transparent plastic 
which may float on the surface. 



In summer circulation of water takes place 
only during the night. If the water is under 
a polyethylene cover, cooling is achieved 
only by longwave radiation and convection. 
In the summer, however, the pond can be un
covered whereby cooling is also achieved by 
evaporation, in which case the water will 
contain dust and has to be filtered before 
drained into the storage. The applicability 
of solar heating and cooling by roof ponds 
may be limited to low-rise buildings of one 
or two stories, with a high ratio of roof 
area to building volume. 

Direct Cooling of the Storage 

As all systems using natural energies 
include a high energy storage capacity, it is 
possible to cool the storage medium during 
the night directly by convection and evapo
ration. 

This method involves forced ventilation 
of the storage with the cool air during the 
night. 

The main storage materials are water, 
rocks or a combination of both. When water 
is used for storage, the evaporative cooling 
can be achieved by blowing the air over ~he 
exposed surface of the water. In such a . 
case, however, the container should have a 
large upper area. 

When rocks or gravel are used as a stor
age material, water can be sprinkled over them 
at night while air is blown over it. The cold 
thus stored during the night is utilized to 
cool the building during the subsequent day. 

--000--
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AN ARCHITECTURE OF MINIMUMS 

Mark Frederickson 

A major portion of the world's urban 
population lives and dies under grossly inade
quate housing conditions, even as precious re
sources continue to be spent on antiquated, 
costly, conceptually western housing design. 
In developing countries where the need is great
est, such design is particularly inappropriate. 
Nevertheless, the average American architect 
seems unwilling to reverse his commitment to 
outmoded styles, preferring to remain locked 
comfortably into conventional concepts no lon
ger acceptable or feasible. But one has only 
to travel to those great urban ghettos through
out the Third World to see for himself the 
misery engendered by the absence of one of 
life's most basic requirements -- habitat. 

It is the primary intention here to bring 
into clearer focus several of the more critical 
issues involved in the current world housing 
crisis and in the architectural profession's 
reluctance to address itself to global ultra 
low-income housing problems. It is a call for 
change. The profession needs to reorder its 
sense of values to take account of inter
national needs through a more rational multi
disciplinary approach to design. 

Modern architecture appears to be search
ing for a constituency, a purpose, a direction. 
We randomly play with forms, colors, materials, 

as though they exist in defiance of our natu
ral environment and without historical prece
dent. Rarely do we create truly analogous 
relationships with nature, or learn from.her 
very rational manner of selecting optimum. 
solutions to given problems. Much contempo
rary design is beginning to accept the remote 
over the obvious, as with the use of air con
ditioning and filtering systems over fresh air, 
or noise insulation over peace and quiet, or 
electronic sun louvers over foliage. It ap
pears to be a self-perpetuating problem as 
long as energy is available, at whatever cost, 
to support these irrational responses to the 
given economic, climatic, and environmental 
design parameters. 

Consistent as he is with his often irra
tional design philosophies, the architect has 
very little currently to offer to the study of 
ultra low-income housing. Financially he has 
placed his services beyond the common man's 
housing needs through years of misdirected design 
response. All too often, the architect's 
office is geared to work on a large commercial 
scale. Even if these offices could afford to 
involve themselves in small-scale housing de
sign, their credibility as designers of compe
tent, economic, and adaptable housing is weak 
at best. 

Adapted from an article in Arid Lands Newsletter, No.7, February 1978, p. 1-12. 
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Fig. 1: Upper: Nomadic tents, Hindu Kush Mountains, 
Afghanistan. Lower: Christian cave dwellings, 
Cappodocia region, south central Turkey 

As energy and construction costs rise, 
the architect becomes expendable, because 
the service he has chosen to render is all 
too often considered only costly adornment. 
We need only to look at our vastly chaotic 
American suburban image to realize the impact 
of structures built but not designed. Con
sequently we find ourselves involved with 
a process of professional natural selection; 
when an organism loses its purpose, it will 
perish unless it finds new purpose through 
adaptation. 

Contemporary architecture needs a system 
of unified theories upon which to base its 
future growth. Here we maintain that answers 
to the question of professional survival lie 
within the search for solutions to the devel
opment of a rational aesthetic: an architecture 
of minimums, of reason, of purpose. The hot
arid and hot-humid developing countries 
offer themselves as potential laboratories 
for just such a search for purpose, for reason, 
of necessity. Overwhelming urban housing 
problems endemic to these worldwide environ
ments offer topics of study indicative of 
those concerned with minimums: minimums 
in cost, labor, materials, construction 
simplicity, and design margins of error. The 
historical vernacular architecture of these 
areas is in itself a study of design within 
low tolerances of error, undergoing as it has 
a trial and error process of selection for 
centuries. The harsh desert environment 
places unusual requirements of efficiency 
upon an organism's survival capacity, human 
or otherwise. It could likewise place similar 



restrictions upon the designer of an ultra 
low-income shelter. As many of the world's 
developing countries are operating on 
conceptually primitive levels of planning 
and construction methodology in their housing 
programs, the levels of concern are reduced 
to those basics of health and shelter. 

A thorough housing review of South 
America, West Africa, Asia, and the Middle 
East makes it painfully apparent that the 
vast majority of government-sponsored housing 
projects are dismal failures, primarily due 
to one or more of the following reasons: 

1) a failure to design housing attuned 
to the target group's cultural 
needs 

2) a failure to anticipate and ade
quately plan a housing development 
for massive influxes of rural 
migrants to an urban area 

3) a failure to provide adequate 
construction financing on a national 
or individual family basis, and 

4) a failure to meet the budgetary 
design requirements of the intended 
ultra low-income target group. 

The Rural-to-Urban Transition: 
Implications for Housing 

In the past, before the introduction of 
western technology, the rural-to-urban transi
tion was gradual, occurring over many genera-

Fig. 2: Sedentary village outside Bamiyan, Afghanistan 

tions. The old urban unit evolved an effec
tive system of housing supply and demand balance 
because it had hundreds of years to develop 
through trial and error processes. Shelter 
types and settlement patterns accurately re
flected this change also. The house gradually 
evolved from nomadic tensile structures and a 
highly mobile way of life to semi-nomadic cave 
and yurt-type dwellings and a semi-sedentary 
agrarian-based economy (Fig. 1). These changes 
eventually were followed by increased depen
dence on agriculture and on a developing spe
cialization of labor forces. The shelters be
came permanent objects upon the landscape and 
were clustered together near waterways or roads 
for economic and defense purposes (Fig. 2). 
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Fig. 3, Urban ghetto, Karachi, Pakistan 
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with the advent of technology, the balances 
were and are inevitably upset. The flexible 
adaptable elements remained in altered form, 
while others disappeared. Although "techno
logical advancement" is a worthwhile and 
necessary goal for mankind, its efficient 
and humane implementation appears to be an 
even worthier albeit more i ·llusi ve goal. 
When social and cultural changes lag behind 
technological development, architecture reflects 
the situation. In many developing countries 
throughout the world, these dichotomies are 
expressed in the urban shelter design: a 
chaotic, desperate, and transient expression 
of the loss of ties and continuity with the 
past (Fig. 3). 

No longer is the rural-to-urban transi
tion a gradual one. Overnight a man with little 
or no education will leave his family in the 
country. News of "the good life" filters 
down to him: the United States, television, 
radio, appliances, automobiles, etc. He wants 
more for his children, wife, family, and the 
only recourse he understands is to move to 
the city. He arrives with little or no money 
and even less direction. Jobs are difficult 
to find, and when he does find one, more often 
than not he is exploited as unskilled labor 
in a large factory. Totally lacking in 
resources, he proceeds to scavenge tin and 
cardboard to build himself a shelter on open 
land he has heard of near the factory. Soon 
he learns that in the city there are very few 
traditional rights, wrongs, or social values 
surviving. The shelter he builds reflects 
his mode of life and frame of mind perfectly. 



It is a patchwork, piecemeal, conglomeration 
of scavenged bits and pieces, with little 
cultural precedent. In fact, as he has 
become deculturized, so has his architecture 
(Fig. 4). There are no roads or utilities, 
and there is very little sense of cooperation 
or community. What little money he earns, 
he sends home to his family in the country as 
he wonders how he can ever bring them to the 
city, or indeed whether he should try. He has 
become another tragic example of urban
dwelling deprivation. 

In most of the world's developing 
countries, examples of this same inadequate 
housing phenomenon, known as squatters settle
ments, or invasion areas, are found -- areas 
where rural migrants first enter an urban area 
deficient in low-income housing. The migrants, 
desperate for land and shelter, sometimes 
settle overnight on a piece of undeveloped, 
usually government-owned land near an indus
trial area. The land rarely has any utility 
hookups and is usually located on steep hill
sides, floodplains, or otherwise non-productive 
lands. Often these shelter-invasion areas 
spring up just outside a factory compound wall 
(Fig. 5). Many shelters use the compound wall 
as one wall of the shelter itself. In South 
America and the Far East, invasions of 25,000 
or more rural migrants have occurred overnight. 
The shelters are fashioned in a matter of hours, 
using available building materials: corrugated 
aluminum sheets, cardboard, mud brick, palm 
fronds, etc. Structural connections, often 
made of string and mud, are susceptible 

Fig. 4. Urban ghetto, "Lyari" (karachi) 

Fig. 5: Karachi factory walls and housing 
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Fig. 6: Flooded housing, Karachi 
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therefore to collapse due to wind, rain, and 
impact loads. As a consequence, thousands of 
persons are left homeless after each monsoon 
season along the Pakistan and Indian coast
lines (Fig. 6). 

The lack of utilities creates overwhelming 
hygienic problems within these tightly crowded 
communities. Rarely pre-planned, these over
night cities lack provisions for street layouts, 
schools, clinics, community service structures, 
or parks. The loss of a "sense of community" 
has architectural implications: an invasion 
area is most often a melting pot of different 
rural groups, with little inter-group cohesion 
and a great deal of mutual suspicion. Because 
this all combines to create an atmosphere 
where there is little community cooperation 
in home building, construction becomes expensive 
and time consuming. 

Over a period of several years, the 
invasion areas may become more cohesive 
community units. suspicions lessen; intermarriage 
begins to unite family units. The shelters 
become more substantial, as the family has 
had the time and resources to replace cardboard 
walls with mud or concrete block, to frame a 
stable roof, to buy glass, doors, interior 
furnishings, and hardware. Eventually the 
urban center might provide the settlement 
area with electricity, gas and water lines, 
but utilities are an afterthought at best, 
their layout consequently, coupled with the 
lack of planning in the shelter for such 
connections, less than adequate. It is indeed 
a pity that the cultural evolution that has 



been an ongoing process in rural areas for 
centuries takes giant leaps backward when 
urban migration occurs, the loss most 
immediately evident being that of community 
cohesion, communal construction and labor 
forces, specialty crafts and skills, and age
old planning concepts as these pinions of 
a stable rural society give way to fears, 
suspicions, chaos, loss of individual effort, 
and a return to the same trial-and-error 
processes that produced generations of rural 
carpenters and masons. 

Most low inco~e housing projects in 
arid and semiarid developing countries have 
been less than sensitive to economic purchase 
ranges, cultural acclimatization, and the 
uses of indigenous materials, construction 
techniques, and labor forces. The expense 
of using skilled labor, to say nothing of 
the use of imported steel, cement, asbestos, 
and other material can be prohibitive. In 
addition, there exists a difficult cultural 
and spatial adaptation to western floorplans, 
elevations, materials, and construction 
techniques. A perfect example of this 
discontinuity can be found in numerous rural 
government housing projects which stand empty 
except for the livestock of the intended 
residents. The latter use the project homes 
as barns while they live nearby in vernacular 
homes built of indigenous materials, sensitive 
to the occupants' cultural and human comfort 
needs. In urban areas, with the same con
straints, the housing units turn out to be 
so expensive and the financing so difficult 
to obtain, that only young professionals, 

retired government employees, and merchants 
can afford to move in. So the target ultra 
low-income group is in a very real sense, 
on all scores, effectively locked out. There 
are examples of housing projects in Tunis, 
Kabul, Karachi, Caracas, Bogot~, San Juan, and 
elsewhere, that have failed to satisfy the needs 
of the very poor by not directly addressing 
the critical design issues of cost and purchase 
financing, cultural and climatic suitability, 
and pre-planned street and utility layouts. 

Vernacular Housing Design Solutions 

Here we may presuppose that various 
solutions to the problems of contemporary 
urban low-income shelter design can be found 
through analysis of existing and precedent 
vernacular housing. design solutions. It is the 
intention in what follows to summarize the 
aforementioned design solutions in reference 
to site planning, construction materials 
and techniques, and the potential of social 
co-op structures. Upon comprehensive review 
of these variables, it is hoped that architec
tural implications can be drawn together and 
synthesized into a more culturally sensitive, 
economically feasible, and structurally sound 
urban housing design program. 

Improved site planning and social organ
ization within an invasion area seem to be 
appropriate beginnings. Primary design con
siderations should anticipate the volume 
influx of rural migrants to urban regions 
and preplan their settlement areas. This 
discussion assumes that rural development, 
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programs also have been initiated to improve 
farmers' living conditions through better 
education, health care, utility access, job 
training, and financ1al assistance. Such 
programs are being undertaken in hopes of' cur
tailing mass migration of intelligent, high
achieving rural dwellers to the "promised 
land" of the cities. A number of these type 
programs are being initiated by the U.S. Agency 
for International Development (AID) in such 
arid and semiarid developing countries as 
Tunisia, Afghanistan, and Morocco. 

Invasion settlements throughout the world 
have a number of elements in common. It is 
anticipated that most will occur in over
populated regions on vacant non-productive 
reaches of land adjacent to and throughout 
the urban matrix. For the most part, such 
colonies in developing countries with hot
humid or hot-arid climates are characteristic 
of any slum, thrown up in a quick haphazard 
fashion, sometimes overnight, often on unde
veloped government-owned land. 

In Caracas, Venezuela, a number of these 
"barrios" were organized by rural politicians 
in hope of gaining publicity and, consequent
ly, national political leverage. Invasion 
towns of 25,000 persons and more were set up 
overnight. Rather than precipitate a national 
incident, the government often allows the 
shelters to remain because their origin 
was an overnight process and occurred too 
quickly to prevent. Consequently roads, 

utilities, and community services are totally 
lacking. It becomes vital for future integrated 
urban developments, therefore, to anticipate 
mass urban migrations and to preplan urban 
areas for settlement. 

These sites should be near industry and 
mass transportation lines. In Karachi, Pakistan, 
and many other cities, a rural migrant laborer 
could spend up to 50 percent of his total income 
just getting to and from work, especially if 
he lived in an invasion area across the city 
from the industrial sites. For this reason, 
laborers often build homes immediately adjacent 
to factory compound walls (Fig. 5). Clusters 
of squalid shacks completely without utility 
access develop along these walls, often 
bordering main traffic access lines. Resulting 
safety and hygienic problems are obvious to 
the observer. 

In planning these invasion sites the 
designers should take climatic design deter
minants into consideration. In hot-humid 
regions, the living units should be sited to 
take advantage of prevailing breezes. Housing 
units should be staggered to optimize ventilation 
potential and minimize wind-shadow siting, 
and should be on the leeward sides of sub
sequent construction or topography. 

In hot-arid regions, housing units should 
be clustered tightly together and share common 
walls to minimize surface area exposures to 
solar insolation and the heating effects of 
dry winds having temperatures of over 90°F. 
Unit siting should be planned with the possi-



bilities of using solar energy for water 
and air heating. A north~south orientation 
is therefore an optimum siting choice for 
such housing units. Settlement areas should 
be near water, power and gas sources. Access 
to utilities should be considered in the 
initial planning stages, along with careful 
site planning with respect to location of 
roads, parks, schools, and community buildings. 

Housing Information Centers 

In each of these settlement areas, it 
should be necessary to develop a Housing 
Information Center (HIC) , functioning as a 
coordinating agency between rural farmers 
contemplating a move to the city, and possible 
sources of financial assistance for the 
eventual purchase of a lot, building materials, 
and skilled labor within a settlement area. 
Rural migrants should be encouraged to remain 
in their rural homes until they have saved 
enough to make a down payment on a settlement 
area lot and buy building materials, and 
until jobs have been found within the city. 
The all-too-familiar and demoralizin~ effects 
of the resettlement period consisting of 
cardboard shacks, dysentery, no job, no money 
and no community thus can be minimized. Other 
HIC functions might be to regroup and locate 
rural migrants from the same village, or of 
a similar cultural background in proximity 
to one another throughout the housing project; 
to organize the migrants into cooperative 
labor groups to provide residents with skilled 
and unskilled labor forces for constructing 
one another's shelters, thus reducing con-

struction time and costs considerably, and, 
as a psychological bonus, inducing a sense 
of community interaction; and to act as a 
screening agency to locate skilled laborers 
and place them in related jobs within the 
project itself or within industry, thereby 
capitalizing on skills that migrants have 
developed in their rural homes. Upon entering 
the city, a migrant often fails to find a job 
using his specific skills, and his lack of 
contacts and knowledge of available jobs prove 
to be his primary handicap. The HIC also 
could provide the incoming resident with 
technical assistance and classes in fundamental 
construction techniques and layout planning. 
The migrant would be exposed to several shelter 
design and construction options according to 
his financial resources and personal needs. 
The shelter plans could range from inexpensive 
and highly mobile tents to more complex multi
roomed homes built of concrete block. 

The need for some type of advisory service 
becomes apparent when one observes the discord, 
disease, social erosion, crime, economic 
exploitation, and breakdown of community 
cooperation in the unplanned invasion areas. 
It is manifest then, that a well-planned, 
comprehensive housing program must: 

I) anticipate the numbers of rural 
migrants moving to the urban target 
area 

2) initiate rural development programs 
and inform rural dwellers of the 
urban problems awaiting them in 'the 
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Fig. 7: Utility wall core in a metroville, Karachi 

city, in hopes of curtailing the 
flow of urban migrants 

3) develop a program whereby a rural 
dweller cannot migrate to an over
populated urban area without having 
purchased a lot in a settlement 
project, having proof of an adequate 
place to live, and having obtained 
a permanent job or adequate income 

4) develop housing project sites with 
adequate utilities and community 
services throughout the city, near 
transportation lines and industry, 
which would provide an ample number 
of lots on which new residents 
could build their own homes at their 
own pace 

5) initiate housing or cultural infor
mation centers which educate and 
assist rural migrants in adjusting 
to an urban way of life 

6) provide new residents with infor
mation and plans on new inexpensive 
culturally attuned and hygienic 
housing design 

7) organize migrants into a cooperative 
labo:,,:, force. 

Site and specific shelter design must be 
integral parts of a comprehensive planning 
approach to urban ultra low-income housing. 
Even though a settlement area may be well 
planned in its location, road and utility 
layout, and climatic response, the individual 
still must erect a structurally sound shelter. 
Macroscale planning and design must continue 
down to the inhabitants' immediate environ
ments, their homes. Although there have 
been several relatively successful attempts 
in developing arid and semiarid lands, most 
low-income housing projects throughout North 
Africa, the Middle East, and South America 
have been failures. Tunisia, as we have 
seen, and Pakistan may be exceptions. The 
Karachi Development Authority, for instance, 
has begun building several satellite towns 
for low-income families in and around the 
metropolitan Karachi area. The "utility 
wall core" concept is being initiated there, 
whereby a resident buys an 80-square yard lot 
with a previously constructed utility wall 
containing gas, water, and electrical outlets 
(Fig. 7). Then at his own pace, the resident 



builds around the cOLe wall a shelter of his 
own design and choice of materials. This 
method of housing development reaches the 
ultra low-income target groups, unlike so 
many previous projects that adopted western 
construction techniques, materials, plans, 
and elevations, which put the cost of housing 
out of reach for the target group. We should 
ask ourselves how a man making $300 to $400 
per year can afford a $10,000 home. In addi
tion, climatically these materials and western 
elevations and plans are less than adequate 
in response to hot-humid and hot-arid 
environments. In sum, it is obvious that 
for a housing project to be successful, the 
residents must be able to afford comfortable 
and well built homes. 

When a migrant family first arrives in 
an urban area, its financial resources usually 
will be less than adequate to purchase land 
and a home. This fact must be a primary 
design determinant in planning any housing 
project. Many of the semi-sedentary and 
semi-nomadic peoples developed their homes 
over the years and even generations from 
tents and reed shelters into substantial adobe 
and timber homes (Fig. 8). This same sort 
of evolutionary construction process should 
occur within ultra low-income housing projects. 
With assistance from an HIe, the land utility 
core could be purchased on an extended payment 
plan. A family with little or no financial 
resources could live in lightweight tensile 
structures consisting of waterproof cloth, 
lightweight poles and cord, all made from 
inexpensive indigenous materials and built Fig. 8: Farmers' homes, north central ~fghanistan 
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Fig. 9: Village housing, southern Tunisia 

around the basic utility wall core. As his 
job security grows along with his family's 
savings, and as the family grows in size, the 
migrant may begin to build walls or a roof 
over the tent and utility core, buying the 
materials he can afford and proceeding with 
construction over a number of years until he 
has built a secure and comfortable home for 
his family. If a family had more capital 
available for construction, or if the commu
nity financed construction of a clinic, school, 
market, or park, a cooperative labor force 
could be organized and used for home construc
tion. Again, an HIC would be a critical fac
tor in demonstrating the concept of evolution
ary building processes, in organizing coopera
tive labor forces, and in offering the resident 
design choices. 

Shelter Design 

At the risk of being redundant, it must 
be stated aqain that designs based on cultural 
and historical precedents of the region should 
be employed, rather than adopting western floor 
plans and elevations. Every effort should be 
made to introduce materials, colors, and spa
tial sequences similar to those used in the 
migrants' former rural homes. 

Shelter designs should respond to the 
microclimatic design determinants of specifi.c 
sites. In hot-humid regions the home should 
be open to take advantage of the cooling and 
potential ventilation effects of prevailing 
breezes. The roof is a shelter from rain and 
from direct solar insolation. The walls are 
adaptable in their response to wind, sun, rain, 
and privacy considerations. Various shutter 
systems are called for in the hot-humid re
gions. The floors are raised to protect 
against rat and insect infestation, and to 
provide better ventilation. In hot-arid re
gions, the design should be more introverted 
in its response to the environment. Solar heat 
gains, direct and through convection, are the 
primary design consideration. Homes should be 
tightly clustered together and share common 
walls to reduce surface areas exposed to solar 
insolation. There should be few wall openings, 
and summer daytime ventilation should be dis
couraged (Fig. 9). Because there is usually 
a large diurnal temperature fluctuation in 
hot-arid climates, an optimum design response 



is a building that is a closed introverted 
shelter during daytime peak heating periods 
but which can be opened to nighttime cooling 
breezes and temperatures. Most precedent 
vernacular housing solutions utilized an 
oasis type plan where the home was built 
around a vegetated shaded courtyard. Although 
the exterior walls of the home were introverted, 
all interior rooms opened onto the atrium for 
light and nighttime ventilation. The use of 
trees, groundcover, vines, and shrubs in 
shading wall and roof surfaces, window open
ings and exterior courtyards should be con
sidered critical factors in controlling re
flected ground radiation, solar heat gain, 
and in raising relative humidity in and around 
adjacent space. There are numerous species of 
low maintenance drought-resistant plants that 
can produce these desired results. 

In hot-arid climates, wall and roof con
struction should be dense and thick to in
crease resistance and time lag factors to 
periodic heat fluctuations in a particular 
building section. Throughout much of North 
Africa there are examples of subterranean 
or troglodyte dwellings, using eight to 15 
foot thick layers of earth as insulation 
against extreme heat (Fig. 10). Variations 
on this subterranean theme could be used in 
low-income housing projects that could be 
sited in a hillside which is usually non
productive and inexpensive land. Earth ex
cavated from the hillside could be used to 
build the interior retaining walls and roof. Fig. 10: Underground housing, southern Tunisia 
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Fig. 11: Nomadic tensile structure, southern Turkey 

Fig. 12: Farmer's horne, central Afghanistan 
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Construction techniques and materials 
used are other elements critical to a success
ful low-income housing development. It should 
be emphasized again that most contemporary 
government-sponsored housing projects use 
materials that often are imported, and that are 
always manufactured items, thereby increasing 
costs considerably, whereas in invasion settle
ments, as we have seen, construction materials 
are often scavenged bits and pieces of card
board, corrugated tin, cloth, mud, and scrap 
wood, of necessity, because the rural immigrant 
arrives at an urban area without job, money, 
or friends. 

The compromise solution to finding sub
stantial yet inexpensive construction materials 
lies in using indigenous building materials in 
and around the specific sites in combination 
with simple inexpensive contemporary construction 
techniques and cooperative labor. Analysis 
of precedent vernacular construction techniques 
can give the builder direction. 

The nomad's tensile shelter is an excellent 
example of low-cost lightweight structure 
designed for mobility. The tent is built 
entirely from indigenous materials, with the 
cloth and cord made from animal hair and palm 
fibers, the poles from small tree limbs (Fig. 11). 
These tensile structures are ideal as disaster 
shelters because their set-up time can be 
measured in minutes. Climatically they function 
best in hot-humid regions because they can be 
opened to the cooling breezes and their solar 
orientation can be altered quickly. Even in 
hot-arid climates, the traditional black goat 



hair tents of Iranian and Afghan nomads reduce 
interior air temperatures by as 'much as 20° 
to 30°F. As an inexpensive temporary shelter 
in hot climates, the tent functions quite 
well. 

The semi-nomadic and semi-sedentary 
tribes of Afghanistan, Pakistan, Turkey, 
and Iran built semipermanent shelters ("yurts") 
which are one step more permanent than the 
tensile structures (Fig. 12). They are more 
wind-, cold-, and rain-resistant but slightly 
less mobile, and require more set-up time. 
This shelter design is ideal for use as 
intermediate price range shelters for urban 
migrants. Materials for this type construc
tion can be obtained easily in vegetated 
regions, since all structural members are 
of wood. Housing developments in regions 
of sparse vegetation could rely on pop lar 
and eucalyptus trees, grown as harvest crops 
and to supply housing structural members, 
a concept practiced in the arid reaches of 
rural Afghanistan for centuries. Roofing 
materials used on the yurts are blankets 
made of goat hair, an inexpensive indigenous 
material readily available to all on site. 
These yurts can also be constructed around 
housing development utility wall cores. 

Over a period of years, as a family's 
size and savings grow, it can begin to ex
cavate trenches around the utility wall 
cores and either pour a concrete slab and 
stemwall, or build them of locally available 
stone. Excavated earth can be used to make 
sun-dried adobe bricks or mixed with a small-

Fig. 13: Farmer's home, north central Afghanistan 

stone aggregate, and handpacked to form walls 
up from the stemwall (Fig. 12). 

In Afghanistan, sedentary builders 
construct 30-foot high walls without the use 
of any form work by handpacking a moist mud
straw-pebble mixture in two and a half inch 
horizontal layers, with the base-wall section 
much thicker than at the roof lines (Fig. 13). 
This construction technique is rapid and 
simple to master. Three men can construct 
a ten-foot high, 30-foot long wall in 16 hours. 
This is an excellent technique to use in 
unskilled labor-intensive situations where a 
number of units are constructed simultaneously. 
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Fig. 14: A village home, Kaseri, Tunisia 
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Another mud-wall construction technique 
used for centuries throughout the Venezuelan 
and Colombian Andes is the rammed earth 
method. Wooden forms hold successive three
inch layers of a compacted slightly moist 
rock aggregate-mud mix, the layers being 
compacted by hand with four-by-four inch posts. 
Non-organic soil with a high clay content 
must be used. The walls can be erected in 
a matter of hours, left unfinished or to dry 
for approximately two weeks, then covered 
with a mud- or cement-based stucco. In either 
case, substantial roof overhangs should be 
used to shelter the walls from rain. The 
stem wall also should be at least 18 inches 
high to protect the earth wall from ground
water exposure. Because a rammed earth wall 
is much denser and sturdier than the adobe 
of the mud-pack Afghan walls, it is more 
resistant to solar insolation and transmits 
heavier dead loads to the foundation. Some 
drawbacks are that it requires a specific non
organic soil type to bond, and a certain amount 
of structural lumber to make the formwork. 

Cement-stabilized earth block-wall systems 
are being investigated by the University of 
Lahore's Engineering Department, Karachi, 
Pakistan. There it has been found that this 
construction system is much less expensive 
than a concrete block wall of similar dimensions, 
as well as being much more weather-resistant 
and comparably as dense as a rammed earth 
wall. A cement-stabilized earth block wall 
can have more than twice the compressive 
strength of an adobe brick wall. Block-making 



machines or simple manual presses can be used 
where automatic or hand cement-earth aggregate 
mixing is used. Cement-stabilized blocks also 
have the added advantage of drying much faster 
than conventional adobe blocks, and wear well 
as floor pavers as well. This system of wall 
and floor construction is relatively simplistic 
and well suited to unskilled labor-intensive 
situations. 

Turkish and Tunisian masonry construction 
techniques also are efficient systems -- and 
beautiful as well -- to employ if the housing 
site is rocky or near a supply of stone (Fig. 
14), although this method does require more 
skilled mason labor and is therefore more ex
pensive than mud-wall construction techniques. 

Roof construction and design are critical 
factors in hot-arid region housing, primarily 
because of the lack of available structural 
lumber in these environments. A second roofing 
problem is providing adequate resistance to 
the intense solar insolation characteristic 
pf desert regions. Isolated solutions to this 
problem are evident in the rural housing in 
Tunisia, Egypt, Iran, and Afghanistan. All 
these regions contain certain examples of 
beautifully simple vaulting techniques (Fig. 
15). Use of these construction techniques is 
slowly disappearing, giving way to the more 
"respectable" western-style homes even though 
the gracefully curved vault surfaces reflect 
incident solar radiation more effectively than 
do flat roofs. Certain types of vaulted roofs 
need no lumber either for formwork or for span
ning a given space. The structural concept is Fig. 15: Village mosque, Kaseri, Tunisia 

91 



92 

totally efficient, and for that reason alone 
the~e techniques should be offered as alterna
tives in contemporary housing projects. 

In Tunis, the Cite Khaldoun project used 
barrel-vault design as a cultural flashback, 
but construction of these type vaults involves 
the use of expensive manufactured tile, block, 
cement, and endless wood formwork. 

Floor and foundation design are other in
stances where a finished expensive concrete 
slab and footing are not necessarily the only 
approaches. Very efficient floor systems made 
of stone or of adobe blocks covered with several 
thin coatings of linseed oil are used in homes 
in rural Afghanistan and Pakistan, and both are 
solid and longwearing. Homes in both urban and 
rural Afghanistan display examples of under
ground heating systems producing heat from a 
simple bed of smoldering charcoal. Heat is 
transmitted by convection through rock-lined 
wall and floor ducts, or by simple heat con
duction from rock-to-rock in solid floors. 
Foundation systems often consist of trenches 
stacked with stones to serve as spread footings 
and stemwalls. Both floor and foundation con
struction systems are labor-intensive and sim
plistic in assemblage. 

. It may be appropriate here to mention that 
many developing countries have unjustified 
biases against employing intermediate technol
ogy in urban housing developments. The use of 
indigenous construction materials such as mud, 
sticks, stones, and goat hair appears to be 
viewed as regressive for a developing "modern" 

country. Although perhaps unintentional, the 
influence of the often inappropriate western 
housing industry in these countries is unmis
takable in housing designs being implemented 
in both rural and urban developments. Urban 
housing crises experienced by most developing 
countries serve to emphasize even further the 
irrefutable logic of using indigenous construc
tion materials, trial-and-error tested tech
niques, cooperative labor, and pre-planned 
housing sites. 

Thinking Positively 

It seems clear, then, that we as architects 
need to shed our traditional formalism role and 
adopt a more accountable and pragmatic one cen
tered on an architecture of minimums. We can 
learn a great deal about how to design for hot
arid and hot-humid climates by understanding 
indigenous architecture before we design for it. 
Indigenous architecture itself has evolved over 
centuries by trial-and-error procedures, in or
der to arrive at the proper "fit" for a specific 
culture in a specific climate. To ignore the 
clues which vernacular architecture presents is 
to lose sight of the whole basis for design: 

for purpose 
for reason 
of necessity 

An architecture of m1n1mums is an appropriate 
lesson for developed and developing nations 
alike. 
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DWELLINGS IN CULTURAL CONTEXTS: EXAMPLES FROM ARID ENVIRONMENTS 

David G. Saile 

If we wish to understand more about 
houses and their relationships with the arid 
environment, or any environment for that 
matter, we cannot sort out and investigate 
attributes or themes as if they were unrelated 
to each other and unrelated to the whole topic. 
In the same vein, neither can we infer some
thing about one attribute from another unless 
we have rigorously examined the possible 
relationships between the two and the way 
in which the relationships operate within 
the province of the whole question. 

The following paragraphs will briefly 
and tentatively outline a way of looking at 
houses in arid zones which acknowledges this 
inclusive attitude. Rather than statements 
of solutions or precise conclusions these 
notes should be viewed more as posed ques
tions which seem important to address. Some 
examples from different cultures in the arid 
and semi-arid regions of Africa and the South
western United States will be given to indi
cate why this approach appears to be important. 
Later, some implications will be suggested 
for architectural education, policy, practice 
and research. 

Most studies in architecture, and their 
approaches, tend to be excursions along sin-

gular tracks. They follow an interest in 
energy, economics, construction, behavior 
or whatever. Such studies are desirable "and 
necessary. The scholar and practitioner can 
reach detailed knowledge of the subject in 
this way. Approaches and studies related 
to houses in arid environments are no excep
tion. 

We very often find, however, that infor
mation from our studies cannot be understood 
or has little significance unless it is con
sidered with other information and within some 
integrating framework. Broader still, the 
dimensions of the framework and the numbers 
of its connections with other considerations 
frequently need to be expanded. Not only is 
this of concern in architecture, as discussed 
below, but such broadening can also affect 
understanding of a range of human and social 
phenomena in related fields (see, for example, 
Douglas, 1973; Mauss, 1967). 

Some Architectural Studies 

A great deal of architectural attention 
recently has been focused on energy use in 
buildings and on the ways in which built spaces 
perform relative to the local climate. The 
major focus of this attention has been directed 
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toward such topics as thermal performance 
of materials, ventilation requirements, insul
atioa, and domestic uses of ambient energyo 

In looking for :essons regarding climate 
and dwellings which might be learned from 
earlier, traditional, non-mechanized build
ings the emphasis has still often been tech
nological. In their essay, Primitive Arch
itecture and Climate, Fitch and Branch (1970, 
p. 134) acknowledge that " ••• civilization 
demands other sorts of performance from its 
architecture, but those faced by the primi
tive architect are basic and must be satisfied 
before [emphasis mine] more sophisticated 
performance is possible." Their meaning of 
"performance" as "actual physical behavior" 
of the building in response to environmental 
stresses must be characterized as an assump
tion. 

In this same study, Fitch and Branch 
also are of the opinion that " ••• primitive 
architecture, like primitive medicine or 
primitive agriculture, often has a magi co
religious rationale that is of interest only 
to anthropologists" (Ibid., p. 134), but this 
is an opinion only, though one which is unfor
tunately close to that of many modern architects. 

What these authors fail to point out is 
that the judgement of even physical performance 
in any culture is related to complex ideas 
about how things should perform. In an 
examination of some physical 'determinants' 
and standards for building, Rapoport and 
Watson (1969, p. 63-64), on the other hand, 

found support for their hypothesis that " .•• 
even physical standards which might be regarded 
as hard quantifiable data are themselves affec
ted by cultural attitudes and social forces 
prevailing at the time and place of their 
inception." 

It should be stressed that this is not 
a criticism of studies which examine a single 
issue in depth. When such studies purport to 
offer an understanding of broader phenomena, 
however -- for example, architecture and its 
relationship with dwelling, landscape, climate 
and the circumambient culture -- they must 
show the nature of that relationship. They 
cannot just jump to conclusions. 

A recent "energy-arid climate-dwelling 
form" study indicates some of the dangers. 
In 1967-68, Ralph Knowles (1974, p. 17-49) 
directed a study undertaken by architectural 
students at the University of southern Califor
nia into the relationships between sun action 
and building forms. They focused on three 
Pueblo villages in the Southwest, two pre
Hispanic and one initially settled in pre
Hispanic times and still inhabited. 

The first pre-Hispanic village examined 
was Long House. This settlement occupied a 
cave in a south-facing cliff at the edge of 
Wetherill Mesa, now part of the Mesa Verde 
National Park in southwestern Colorado. The 
Long House cave had been previously occupied 
but the major part of the ruin used for the 
study had been constructed in a phase of occu
pation of the area between 1150 and 1300 A.D. 



Using a model of the final stage of the 
village, based on a careful archaeological 
reconstruction, and placing this on a heliodon, 
measures were made of seasonal insolation. 
The study found that the cave and its settle
ment was 56 percent more efficient as a solar 
energy collector in winter than it was in 
summer. This observation also showed that 
no more than a quarter of the surfaces in the 
cave were sunlit through a summer's day, where
as three quarters received sunlight in the 
winter. Also, the solid cave and dwelling walls 
stored some of the energy and re-radiated it 
during the night. 

All these processes acted to temper di
urnal and seasonal temperature variations in 
the neighborhood of the dwellings, suggesting 
that the builders of Long House were aware of 
the climate and this tempering effect, and 
bore such things in mind when they built. 

But Knowles went further than this in his 
conclusions. He stated that" ••• these early 
builders were part of a self-organizing pro
cess from which purpose emerged slowly with 
the construction." He also said that the Long 
House site, one of the few which face south, 
was more desirable than other sites around 
the Mesa (Ibid., p. 26), though it is not 
clear whether he meant desirable for us, for 
him, or for the Mesa Verde people. On and 
around Wetherill Mesa alone, 168 sites from 
the same period have been surveyed on the 
mesa top, in the canyons, and in the cliffs 
(Hayes, 1964). 

There was a range of settlement layouts, 
some formally geometrical, some less so. 
There appear to have been common patterns 
of spatial organization in these layouts and 
in their hundreds of predecessors in the Mesa 
Verde region as a whole. certain arrangements 
appear to have been related to social and 
religious organization (Rohn, 1965), to ~aily 
activities, and perhaps to beliefs regarding 
the cardinal directions, levels, and the land
scape. 

To relate these energy considerations to 
dwelling and village form, we must look at 
other aspects of form and how they are inter
related. Otherwise, we will study energy and 
how it affects form; behavior and its effect 
on form; available materials and how they are 
connected with form, construction techniques, 
belief, etc. OUr studies will only be self
confirming and along these separate themes. 

At Acoma in New Mexico, one of the other 
pueblos used in the same study, Knowles found 
that the three parallel south-facing house
blocks and their stepped profile were arranged 
purposefully both in relation to the sun and to 
possible growth of the village. His sound 
examination revealed that this village form 
" ••. is an efficient energy system that tends 
to equalize internal energy profiles over the 
extremes of season and day. By its shape 
and materials, it provides an internal consis
tency, a steady state" (Knowles, 1974, p. 31). 
All other conclusions stemmed from this dis
covery. 
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Fig. 1: Sketch plan of Acoma (after Stubbs, 1950), with 
diagram of additional blocks described by Dominguez. 

It was mentioned that the southern house
block 'evidently' (but without showing any 
evidence) had been altered due to influence 
from the Spanish mission. It was not men
tioned, however, that a reliable description 
of Acoma in 1776 indicated that the three 
south-facing houseblocks were only part of 
the plan. Fray Francisco Atanasio Dominguez, 
in one of his reports (Dominguez, 1956, p. 194) 
during visits to many of the Pueblos, stated 
that Acoma Pueblo" ••• is north of the church, 
arranged and built in six tenements, or blocks, 
of dwellings constructed of stone and mud. 
Three face east [emphasis mine], and three 
south, one behind another, with very wide 
streets between, forming, with the convent, a 
handsome plaza. They have upper and lower 
stories such as I have described .•. " (Fig. 1). 

This means that the whole set of conclu
sions based on only three houseblocks must 
be questioned in light of the blocks which 
faced east. 

These two brief examples do point out 
that architecture and house form are related 
to the arid environment with many dimensions, 
along many avenues, and through time. Even 
the theme of energy, or simply orientation, 
has a number of unexpected coordinates. 

Implicit Houses in Implicit Landscapes: 
The Berber, The Dogon, and The Pueblo 

It will be valuable to stay with the 
topic of orientation a moment longer to see 



how different meanings of this one topic may, 
and often do, affect house form and house con
struction. 

The Berber House 

The Berber house is rectangular in plan 
and includes a larger raised area for people, 
partially divided from a smaller stone-paved 
stable area for animals. (The Berber-speaking 
Kabyle people of northern Algeria do not, 
strictly speaking, live in an arid climate, al
though other Berbers do. The Kabyle experience 
hot dry summers and well-watered winters.) 

The east door provides access to both 
spaces. Above the stable is a place for 
implements and fodder and where women and 
children sleep, especially in winter (Fig. 2). 

The northern gable wall is called the 
"wall of the upper part or the Kanum." It is 
"opposed to the stable as top is to bottom" 
(Bourdieu, 1973, p. 99). 

Pierre Bourdieu revealed a whole series 
of such oppositions in the disposition of 
various elements of the house, its contents 
and its spatial organization. His exploration 
of the naming of architectural elements by 
the Berber, their proverbs and rituals, in 
addition to their everyday livelihood, allowed 
him to see an immensely complex tapestry of 
meanings and rules associated with the organ
ization of the house and its place in the world. 
As Bourdieu noted, it would have been possible 
to have given purely utilitarian and technical 
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Fig. 2: Sketch plan of the Berber house (from Bourdieu, 1973). 

101 



/l/oR.TH 

:!J IlIllIIIIJ III 1111 ullin 111111111111 11111111/1 11111111 II III 1111 lilY! - -
:: ..:::x:>oTH 1f(~H .5UMMc::.IZ /-

- ]... / - ~ ~-
E ~ / ~ = / ]= - -
§ / ~= 
§ / ~-= ~= 

/ ~= ~ ~ - " ~ ~ , ~ / ~ ~'-

~ 1\ ~ ~ ~\\: ~ 

/ 
~'U'"l1l\fllllll!:!)\ \\~ .U''''lIllll1l~ 

;~ 
"::\1) 
If} == \-... ~::: V) 
~ =:: 't 

~ E-;'; ~~J' .f ., -: " = ~ ~ 

/ ~ --", --* 
~ =_ (I" = - ~ 

§: III~ ,-$ 

102 

/ .... = - \ .. "- = ..... / ~ = ' 
'-I = ~ 

/ == ~ 

= \ij ---------
- / l = 
~ / ~ :: 
----
§/ W/,vT£!?.. ,t...O(J ;1b/<.. TH ; 

5il1I1lJ 11111111 11111 J IU/II 111111 11111111111 UOIIIIIIIIIIIIIII JIIIII ur.; 
...5c:>vTH 

Fig. 3: Diagram of the double space or orientation of the 
house (from Bourdieu, 1973). 

expla~ations for orientations and arrange
ments (Ibid., p. 99). In spite of detailed 
earlier descriptions of the house by other 
authors, he observed "regular omissions" in 
these reports. The reason he cited for those 
omissions was that the descriptions never con
sidered "objects and actions as part of a 
symbolic system" (Ibid., p. 98, Note 1). 
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Such descriptions, for example, missed the 
understanding that the two worlds of the in
terior and the exterior of the house each had 
"its own east" (Fig. 3), each with meanings and 
magical efficacy, each with prescription for 
construction. 

East was the "supreme direction," as it is 
for many cultures. It was "toward the height," 
the light, and the good (Ibid., p. 106). To 
face eastward meant to "affront with honour," 
"to face the future," or simply to face (p. 108). 
All acts of importance, especially those involv
ing the fertility and prosperity of the group, 
were undertaken facing east. 

If Bourdieu's thesis is sound, there may 
be many meanings in directions and orientations 
that will be overlooked by an examination with 
a solely technical viewpoint. This seems all 
very understandable with regard to orientations. 
One might be tempted to say, however, that when 
it is a matter of survival in an extremely arid 
climate and a barren land, surely house building, 
house form, and agriculture will be concerned 
almost completely (but not merely) with shelter 
and subsistence. 

The Dogon House 

The Dogon people of the desiccated mountain 
and plains of the upper reaches of the Niger in 
Mali have small cultivated plots of land adjacent 
to the villages. Rainfall is very infrequent and 
irregular. The plots, sometimes less than a yard 
wide, are divided by soil embankments which retain 
valuable rain or irrigation water. 



Garden division rules of the Dogon were 
investigated as part of extensive ethnographic 
studies conducted by Marcel Griaule and his 
colleagues between 1931 and 1956. Griaule 
found that the dimensions of the plots and 
the procedures of cultivation were related 
to the eight ancestors of the Dogon, the eight 
seeds given by God, the celestial granary, and 
the cardinal directions. Clearing the ground, 
making a plot, and building a dwelling on it 
was "like weaving a cloth" (Griaule, 1965, 
p. 76-77). Weaving was considered a form of 
speech related to the 'Word' of the ancestors. 
The Word meant moisture, life, and purity. 
Cultivation therefore brought water, life, and 
purity to the earth. 

It is difficult to understand or do jus
tice to the intricacy, delicacy, and power 
of the associations but each part of the 
Dogon village carried similar significance. 
The quarters, fields, houses, and settlement 
plan reflected complex cosmic images (Fig. 4). 

Even the house facade, with its eight 
rows of openings was "a symbol of the pall 
used to cover the dead," that is, a woven 
cloth and was furthermore "a representation 
of cleared and marked out land" (Ibid., p. 94). 
The form of the Dogon house was arranged with 
reference to the organs and limbs of male and 
female, to the numbers and natures of the an
cestors, and to the structure of the heavens. 

The Dogon house did not ignore the micro
climate, material technology, or convenience 
and utility. The relationship of house with 
divine principles elaborated and enriched 
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the meanings which more pragmatic and empir
ically,derived building elements could possess 
(Fig. 5). 

In another extremely arid region, and 
in an aboriginal Australian culture which 
did not construct elaborate dwellings, Amos 
Rapoport observed in a similar way that 
"shelter is only one function of architecture 
-- and that the other, and more important func
tions are the symbolic, place-defining, and 
socio-cultural" (Rapoport, 1972, p.3.3.1). 

All this could mean that, if we wanted 
to study some aspect of architecture in an 
arid environment, it would be necessary to 
be a combination of anthropologist, theologian, 
physicist, and mathematician. This would 
be a little beyond normal ability but it is 
still necessary to find ways of understanding 
which do not channel our knowledge into overly 
separated ducts. It is still necessary to 
devise a framework and a concomitant process, 
as Mary Douglas noted (1972, p. 514), "in which 
the structure of ideas and of society, the mode 
of gaining a livelihood and the domestic archi
tecture are interpreted as a single interacting 
whole in which no one element can be said to 
determine the other." 

I believe these elements are all related 
to deep-seated notions about why things are 
as they are, notions that collectively con
stitute a general social knowledge, a view of 
the world. If this is the case, it should be 
possible to glimpse a deeper integrating 
framework from investigating an aspect of 

the relationships between house and environment. 
That framework could be modified and enriched by 
examining its significance for understanding 
other aspects of house-environment relationships. 

The Pueblo House 

During some recent studies of the Pueblo 
villages in northern Arizona and New Mexico, 
I examined records of certain rituals asso
ciated with, and involving, stages in the con
struction and renovation of houses and other 
buildings (Saile, 1977). 

The rituals associated with house and 
ceremonial room (kiva) construction all had 
some things in common. All recognized that 
built structure was 'living.' Concern for 
cardinal directions and their 'powers' was 
frequently expressed. Those directing the 
rituals or preparing ritual materials often 
held village positions connected with commu
nication with spirits and supernaturals. 
Prayers offered during house construction were 
for the strength of the house, for long life 
and health, for the fertility of people and 
their crops, and for rain. Prayers associa
ted with kiva construction were for these 
benefits for the more general welfare of a 
whole kiva group or the whole village. 

There were also suggestions that any 
construction was once accompanied by pre
scri~d procedures. I then found it appro
priate and necessary to tackle the question 
of why such rituals took place for this wide 
range of building. Because supernaturals, 
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directions, mythical actions and events had 
been addressed in the prayers and in explana
tions given by Pueblo Indians themselves, it 
therefore seemed that some understanding 
would be gained by stepping back and looking 
at the wider perspective of some common com
ponents of the Pueblo world. 

Certain ideas were common to all the 
Pueblos (Dozier, 1970, p. 203-209; Ortiz, 
1972). The world had three cosmic levels: 
upper and lower spirit levels with earth ly
ing between them for the inhabitation of 
people. Many changes in the earth's level 
acted as places of possible communication 
with the spirit levels. Mountains touched 
the sky and the earth; springs and caves were 
potential passageways to the underworld. 

Architectural settings, everyday objects, 
animals, geographical features, and meteoro
logical phenomena have all been said to possess 
power or spiritual attributes at certain times. 

The origin myths of all the Pueblo vil
lages bore striking similarities and were re
lated to the idea of world levels. The myths 
described early travels and circuits of the 
first people and their guidance by certain 
supernaturals. These myths not only gave 
significance to cardinal directions and their 
associated supernaturals, mountains, springs, 
and colors but also to their sequence of con
sideration in ritual and ceremonial. 

This background did seem to offer a way 
of understanding the place and purpose of the 

construction rituals. Each building construc
tion had to be 'located' with respect to car
dinal directions and their powers. Each 
'house' had to take its proper place in the 

world and become real, live, or as Mircea 
Eliade has noted in many cultures, "endowed 
with a soul" (Eliade, 1954, p. 20). Actions 
and material things (including constrqction) 
possessed power and 'strength' by fol19wing 
prescription. This prescription was effective 
because it reiterated the actions of first be
ings and supernaturals. 

Conversely, this prescription also gave a 
'power' an embodiment and made it controllable 

and safer, gave ita 'house.' 'House' was not 
just a term for dwelling, kiva, or storehouse. 
Spirits had their houses in the cardinal moun
tains, clouds, lakes and springs (Parsons, 
1939, p. 200). 

Houses in this sense, then, were not just 
places of residence. They were also places of 
potential communication with the spirit world. 
They were places where a connection could be 
formed between the three cosmic levels (Fig. 6). 

This gives sense to some of the ritual 
procedures. Digging a foundation and quarry
ing building stone made an excavation, a break 
in the earth, a level change. For example, 
prayers were made to the 'flesh of the rock' 
prior to quarrying Hopi wafer bread-making 
stones (Cushing, 1920, p. 328). 

This offers a glimpse of a framework for 
understanding Pueblo building rituals, 'build-
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ing orientation, and the sanctity of certain 
- places within the Pueblo village. It may be 

possible that it could also help in our under
standing of other aspects of architecture, its 
relationship with the landscape, and perhaps 
other elements of subsistence in this arid 
climate. 

Certainly levels appear to have been an 
important factor in the location and architec
tural form of kivas. Kivas were often located 
below ground level, sometimes even excavated 

Fig. 6: Diagruaatic section through Pueblo world levels. 

into bedrock, and the levels of kiva roof, 
bench, and floor had significance related to 
the Pueblo world view. The kiva itself, and 
a small floor opening (the sipapu) which oc
curred in some kivas, were regarded as places 
of communication with the underworld and upper 
spirit world. In a classic late 19th Century 
study, Victor Mindeleff (1891, p. l17) docu
mented senior Hopi accounts which stated that 
kivas were once built to protect the sacred 
place of emergence of the ancestor spirits 
and that dwellings were arranged to protect 
the sacred kivas. 
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Kiva near the south building at Taos (from a photograph 
by A. C. Vroman, 1899). 
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In Pueblo villages, sacred places may be 
defined by physical form, by ritual, or by the 
presence of ritual objects. Cornmeal was of
fered, prayer sticks or feathers were planted# 
and sacred objects were significantly placed. 

Similar procedures accompanied many sub
sistence activities. "At Sia the sun comes 
up over the Santa Ana mesa# which is marked 
with notches and prominences by means of which 
the course of his risings can be noted and 
followed with the eye" (White, 1962# p. 126). 
With these observations and knowledge of the 
state of crops and other signs, the calendar 
of a whole ceremonial cycle was prepared. In 
hunting, which previously supplemented the 
staple diet of corn, beans, and squash, rituals 
aided success and propitiated the spirits of 
animals killed. 

Clouds, thunder, and rainfall were of 
major importance in ceremonials and in the 
design forms of ceremonial and everyday arti
facts. Shrines were made in the fields. 
Planting and harvesting were announced and 
accompanied by a complex cycle of prescribed 
procedures. 

It would appear that the Pueblos shared 
a world view which gave meaning to the south
western landscape, the climate, everyday and 
ritual behavior, the location of the village, 
its architecture and its dwelling places. 
The Pueblos have survived in their dry land
scape for 13 centuries but their preoccupations 
have not just been utilitarian or technological. 
From study and observation of the Tewa Pueblos, 
for example, Alfonso Ortiz (1969, p. l16)saw a 

"pattern of sUbsistence activities that ritual 
reflects, reinforces, and serves to perpetuate." 
He suggested for the Pueblos more generally 
that such integrated patterns were derived from 
"the social and natural orders in combination 
which gives rise to particular ritual dramas 
and to the specific cultural world view themes 
reflected therein" (Ibid, p. 155-156). 

This discussion of Pueblo architecture 
began with consideration of construction rit
ual, a miniscule part of Pueblo activity. In 
exploring the connections of this activity 
with other elements of the Pueblo environment, 
a framework can be outlined which is instruc
tive in looking at many aspects of dwelling 
and behavior# and their relationships with the 
arid landscape and climate. 

Implications, Suggestions, and Questions 

If the foregoing has any validity, it 
should reveal implications for understanding 
our own culture's attitudes and activities 
with regard to houses in the Southwest. The 
following points have received little attention 
and are very preliminary, intended as a guide 
to the kinds of studies which appear necessary 
and important. 

All of these questions touch topics which 
concern architectural education and research. 
Some concern professional activities and 
policies, others concern housing standards, 
guidelines and codes. They are ordered under 
the headings of energy, behavior, and design 
and policy. 
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ENERGY 

Technical studies of energy use in arid 
zone houses should be related to patterns of 
energy-use behavior, in lived-in houses. 

Such studies should also be related to 
residents' beliefs regarding climate and 
energy-use. Why is the climate often termed 
'hostile'? What does 'arid' mean to residents? 

Further understanding is needed of energy 
related to the life patterns (people, flora, 
fauna) which have been adapting to the arid 
landscape for generations. 

BEHAVIOR 

More needs to be known about the modifi
cation of everyday behavior when non-local 
people settle in the Southwest. What behavior, 
if any, changes when other people come into 
contact with this landscape, climate, and the 
local cultures and sub-cultures? 

Encouragement should be given to explora
tion of the creative admixtures or syntheses 
(especially in design terms) which can occur 
when non-local traditional expectations or 
behaviors 'invade' a new local sub-cultural 
setting. 

How children learn about houses and the 
environment, and what they learn from houses, 
as well, should also be investigated. Is this 
learning, and the subsequent adult attitude and 
behavior different in areas of arid climate 
to that in any other locale? 

DESIGN AND POLICY 

Designers tend to be educated in an 
'international' (or at least, non-local) 
context. Do resident architects design 
differently when their designs are to be 
situated in different climatic and sub
cultural contexts? 

Designing an 'energy efficient' house 
does not necessarily satisfy other socio
cultural considerations ("a dwelling that 
satisfied physical comforts may also create 
social discomfort," Prussin, 1969, p. ix). 
How can design procedures integrate technical 
and human considerations? 

Governmental financing and national 
property standards imply certain room layouts 
and equipment in houses built in extremely 
different cultural contexts (Snyder, Sada11a, 
and Stea, 1976, p. 4-9, for some aspects of 
government houses on the Navajo reservation). 
Are there procedures whereby such government 
involvement can acknowledge regional and 
cultural differences? 

This short list of issues does suggest 
areas for further work. The main argument, 
however, remains a broader one and returns 
to the opening paragraph of this paper. OUr 
studies and our designs of houses in this 
remarkable arid setting will be insignificant, 
at best, unless they are considered as part 
of a rich natural, symbolic, technolgical, 
and human pattern. 
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Adobe Comes Full Circle 

Paul G. McHenry, Jr. 

Paul McHenry earned the BBA degree (1948) 
and the M.A. in Architecture (1974) from the 
University of New Mexico. He has been designer, 
contractor, and builder since 1950, as well as 
consultant to the National Park Service and 
the Bureau of Land Management; research adviser 
to the National Science Foundation; and Board 
member of the Museum of Albuquerque and the 
Center for Anthropological Studies. He lectures 
widely, including appearing on an international 
symposium panel on 'Preservation and Restoration 
of Mud Brick Monuments.' 

Best known perhaps for his exhaustive 
research into and the use of adobe, McHenry is 
the author of Adobe - Build it Yourself, Shelter 
in a Harsh Land and A Manual for Simple Housing, 
as well as a number of articles on the same 
subjecto 
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ADOBE COMES FULL CIRCLE 

Paul G. McHenry, Jr. 

The Past 

In the dim past, man, seeking refuge from 
the elements, used earth to build his shelter, 
for earth, then as now, was everywhere. These 
earliest of man's shelters used the natural 
warmth of the earth (50°-55°F in arid lands) 
as a tempering agent both for colder and warmer 
seasons, their occupants less concerned with 
the ideal temperature (72°F) that we favor to
day, more concerned simply to keep from freez
ing in winter and to remain more comfortable in 
the heat of summer. That early man managed to 
build adequate shelter with only what was at 
hand: no builder's supply to call upon, no 
gas-and-electric hookups -- just what he could 
wrest from his immediate environment. 

As this primitive basic shelter has 
evolved, housing has come to take on additional 
aspects, beginning with a feeling that is 
difficult to define but which is comprised not 
only of a sense of efficiency, but of more 
intangible factors of warmth, security, and 
pride -- the essence of good shelter, whatever 
its materials of form, truly a reflection of 
the familiar traditional and cultural exper
ience of the dweller therein. 

In many parts of the world there are ex
tant buildings in use today that have been 
occupied for centuries with relatively little 

change, though most would fall short of our 
contemporary standards of adequacy. 'Adequate' 
or 'inadequate' are words often used to describe 
housing standards today, a poor choice of words 
because what may be inadequate for one may repre
sent luxury for another, and certainly vice
versa. Most planners insist on defining ade
quate in terms of comfort and convenience 
standards that reflect their own personal 
experience, taste, and our history of unlimited 
quantities of cheap energy, the latter a para
meter of definitely limited future consideration. 

One of the most satisfactory 'adequate' 
shelters early man devised was the 'pit' house, 
meeting his requirements that it be warm in 
winter, cool in summer. It was so adequate 
that except for minor 'improvements' the 
Hohokams of the southwestern United States 
used it virtually unchanged for almost 600 years. 
This simple shelter makes the most efficient 
use of all principles (Fig. 1): 

material close at hand 
maximum use of ground warmth 
structural economy 

In addition to individual shelters, early 
man also managed to build large towns and mag
nificent structures using mud, rocks, trees, and 
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brush. Examples are the 'high rise' Taos, New 
Mexico, pueblo, exemplifying community shelter 
patterns, with sun-drenched work terraces, and 
interior spaces primarily for storage and bad 
weather (Fig. 2); and the enormous trading 
settlements of Casas Grandes, Chihuahua, Mexico, 
which reached its peak in the 12th century A.D. 
(Fig. 3), characterized by highly sophisticated 

mud construction techniques, town planning, and 
community water and sewer system. 

Early man used the sun as a prime source of 
heat, not only for direct warmth but also to 
make building materials. Nearly all prehistoric 
settlements show a careful orientation to take 
best advantage of sun warmth, wind shelter, and 
seasonal climates, such as the careful orienta
tion of the circular community exemplified by 
this drawing of Tuonyi Ruin, Bandelier National 
Monument, New Mexico (Fig. 4) where the multi
storied house block made sure that the sun reached 
all parts of the structure all year. 

In the Middle East, where the absence of 
other materials made this a necessity, techniques 
that relied on nothing more than earth and water 
were perfected over many millenia, including 
sophisticated architectural forms developed to 
meet the physical and cultural needs of the times. 
The village shown in Figure 5, for example, is 
built ~ntirely of mUd. Vaulting techniques 
accomplished varied roof structures without the 
use of timbers. The large building at left 
rear has been in continual use since 400 B.C. 
Vaulting techniques, for example, were not only 
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a functional necessity but provided a medium of 
artistic expression and beauty as well (Fig. 6), 

where complicated structural forms became 
decorative as well as functional, and masonry 
techniques developed into an art form. 

As time went on, other sophisticated 
features, again using mud as the principal 
building material, were devised, including 
forced ventilation (Figs. 7-A and 7-B) , air 
conditioning, and even ice making (Figs. 8-A 
and 8-B). The eight-sided wind towers illus
trated in Figure 7-A catch a breeze from any 
direction, which is then directed into the 
basement and circulated through the building. 
ventilation in these tightly compact villages 
was a problems solved by the 'Bad Girs.' This 
system is also common in North Africa. The 
cross section of such a typical dwelling 
having contiguous walls with other structures 
details the simple principle of this cooling 
technique (Fig. 7-B). Shade provided by high 
walls is effective for freezing water during 
the colder months of the year (Fig. 8-A) , and 
the structure detailed in Figure 8-B makes and 
stores ice, much as was done in the lake areas 
of the northern united States. 

In the New World, early Spanish settlers 
migrating into the southwestern United States 
and northern Mexico had to conform to the same 
disciplines of the indigenous dwellers they en
countered there, forced by necessity to follow 
many of the same patterns and to use the same 
local materials and methods. To many of the 
building skills the Spanish came in contact 
with, in place, and as practiced by the local 
labor supply, they added only a few new ideas 
to conform to their own customs and traditions. 



With the advent of the railroads into 
the western U.S. in the 1880s and the sub
sidence of Indian resistance, more sophisti
cated materials and designs became possible, 
and, human nature being what it is, therefore 
fashionable. And so mud technology gradually 
fell into disuse, as alternative choices of 
material became available, one of which was 
more durable (?) fired bricks, and other 
mass-produced items. Scientific discoveries 
of new materials and methods, cheap in terms 
of seemingly endless quantities of energy 
available at the time, were employed to the 
fullest. Now, though many of these costs 
are becoming unbearable, economically and 
ecologically, we persist in the worship of 
the new and the modern. 

The Present 

Building codes in effect today ignore 
logical simple solutions, making it difficult 
if not impossible to ease the problem. We 
have imposed unrealistic standards, insisting 
on values that may be unnecessary. These have 
increased building costs to the point that 
shelter is made unreachable for people of 
limited means. Mud for building is considered 
inferior by current technology today, but look 
at surviving examples: 

Tumacacori Mission, Arizona, shows 
the sophisticated architectural 
styles that can be achieved with 
adobe brick (Fig. 9). Some of the 
more decorative shapes were done in 
fired brick of very low quality and 
hardness. 

Casa de Armijo, Albuquerque, New 
Mexico (Fig. 10). This magnificent 
building still survives as a restau
rant. It was extensively renovated 
in the 1950s and reflects architectural 
'improvements' (pitched rood) as new 
materials became available shortly 
after the turn of the century. The 
original shapes, form, and texture 
have survived, however. 

Palace of the Governors, Santa Fe, 
New Mexico (Fig. 11), one of the 
earliest buildings in New Mexico, 
is still basically intact, although 
during the victorian era it was 
embellished with trim typical of the 
time. It was returned to the Santa 
Fe or 'Pueblo' style during the 1920s. 

By trial and error, early man found what 
would work and what would not, resulting in a 
vernacular historical tradition that we 
greatly admire today but do not allow ourselves 
to make use of. Vested interests in the manu
facture of cement, blocks, bricks, and lumber 
have made it possible to prohibit the use of 
many old, simple, less costly materials that 
work. While use of most of these old materials 
is labor intensive, our building industry is 
dedicated to the minimization of labor in the 
use of materials. In view of the continuing 
energy shortages, unemployment problems, and 
an increasing labor force, however, it is, per
haps, time to re-evaluate material/labor cost 
ratios before many of the old skills are lost 
for good through specialization. 
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Early builders, for example, often used 
little or no foundations. When they were 
used" they were of simple local materials. 
Many of these examples are standing today, 
raising the question of real need for some of 
the complicated foundations we insist on, 
particularly for simple buildings. Curr~nt 

building codes require concrete, reinforcing 
steel, and moisture resistance for foundations, 
refinements that were unthought of in the past. 

Contemporary engineering philosophy, 
supported by the private manufacturing inter
ests, seem to impose 'overkill' values for 
'sound construction' and 'safety.' People 
must and will live somewhere. These philo
sophies must be re-examined in terms of the 
relics of the past, which are fact, not theory. 

Building codes today vary widely, or do 
not recognize adobe construction requirements. 
The Uniform Building Code, 1976 ed., Section 
2405, "Unburned Clay Masonry Units," imposes 
several requirements that would seem unneces
sary in the light of experience and tradition: 

.' 

one story in height 
bearing walls minimum 16" thick 
dampen surface of units before laying 
use Type S or Type M mortar 
stresses .,. conform to Table 24-B, 
24-C 

The Southern Building Code (Southern Building 
Code Congress, Int., Inc., 1977, 1978 Rev. to 
the 1976 ed.) makes no provision at all for 
adobe material. 

In areas where adobe has had a long 
tradition, the code is either modified, or 
exceptions are granted which recognize tradi
tional construction details. All building 
codes, if logically enforced, should allow 
the analysis of proposed variations, and 
approve or disapprove the variations on their 
own merits. The alternative is an arbitrary 
enforcement of the letter of the law, often 
written by persons unfamiliar with this type 
material. In New Mexico, city building codes 
are updated periodically to allow more logical 
use. To the same end, other enforcement 
bodies should make thoughtful examination of 
their codes and enforcement policies. 

Mud buildings do not melt and disappear 
with the first rains as we might have been 
led to believe, but can serve as good shelter 
for many years, with minimum maintenance and 
little cash outlay. Figure 12, for example, 
shows a structure where the mud plaster on 
the sunny east side is about five years old, 
whereas the shady north side, subjected to 
prevailing storms, is fifteen years old, and 
is about due for another coat. Cement stucco, 
by comparison, needs to be recoated at about 
10-year intervals. The mud plaster of the re
construction shown in the Frontispiece (Fig. 13) 
is perhaps eight years old, revealing typical 
erosion patterns which are decorative in them
selves. The straw seen is u~ually used in the 
base coat, with the finish coat rubbed to a 
silky surface. 

While mud buildings, like any other, do 
need to be maintained, the cost is no greater 



than that required by our current modern 
'improved' materials plaster and stucco, 
wood trim, bricks or roofing, and any mate
rials exposed to the destructive and bene
ficial effects of the sun's rays, must be 
maintained. No one has yet found the 'per
manent' building material. Some indeed last 
longer than others, but at what cost? 

The future 

Building of the future must combine 
elements of the past, present, and the future 
itself. If we ignore that past, in our devo
tion to 'modern' technology, we are foolish 
indeed. Adobe has the quality to store the 
sun's warmth, and while it does not have the 
thermal resistance value of many modern 
insulations, it may be used to great advantage 
for its own qualities of heat storage mass. 

Although current building techniques 
with mud brick make only limited use of the 
proven past potential, innovative architects 
and builders are returning to the past for 
good ideas, and adaptations of traditional 
forms are reappearing in contemporary design, 
as illustrated by the following: 

Tumacacori Mission Visitor Center, 
Arizona, built by the National Park 
Service in the 1930s of mud brick 
plastered with cement stucco, thus 
emulating the original architectural 
style of the old mission (Fig. 14). 

The Rogers House, Albuquerque, New 
Mexico, a modern home built in the 
traditional style by John Gaw Meen, 
dean of the Santa Fe Adobe Architects 
(Fig. 15). 

A contemporary-style home, Albuquerque. 
New Mexico, demonstrating adobe's 
facility for adapting itself to modern 
styles (Fig. 16). 

Adobe bricks can be used as common building 
material to create whatever form or style the 
architect or builder selects, for example the 
Gallup, New Mexico, warehouse shown in Figure 17. 
a large utility building that has served well 
since its construction in the early 20th century. 
We are prone to associate adobe only with native 
architectural styles, but demolition crews have 
been surprised to find many early buildings were 
of adobe, disguised in Victorian architectural 
forms. Adobe bricks used as a common building 
material are often well camouflaged from the 
style we normally expect for this material 
(Fig. 18). 

A typical 'shelter' of three rooms, total 
600 sq. ft., is illustrated in the accompanying 
drawing (Fig. 19). This structure, with a 10-ft. 
wall thickness, will require 3000 bricks, based 
on a 10"x4"x14" brick (weight 35 pounds), which 
can be made by two men at the rate of 600 per day, 
with no mechanical equipment other than a wheel
barrow, shovels, and forms. A capital investment 
must be made in these items which may be used re
peatedly. The material for the fabrication of the 
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house walls thus represents five days' work 
for two men, with no fossil energy expendi
ture. The drying time for the bricks will 
va~y, dependent on climate and season, but 
will be a minimum of six days. This simple 
structure illustrates a typical example for 
calculating quantities of material and time 
frame for construction. 

It will require approximately half again 
the amount of time spent in making the bricks 
to lay them in the wall, adding another seven 
days. Thus the house walls represent twelve 
days' work for two men, even less if a larger 
labor force is used. All-masonry construction 
is more efficient with a crew of two or more, 
so that task rhythms can be established. Two 
persons working together can erect more mason
ry than two working separately. The volume of 
earth required: 

11 cu. yds./1000 bricks (10x4x14) for 
bricks = 33 cu. yds. 

2 cu. yds./1000 bricks for mortar (1/2" 
joints) = 6 cu. yds. 

If earth from the site is used for bricks or 
mortar, it leaves a hole which may be used as 
a cellar or cistern. If earth is carried in, 
a mud 'pit' is constructed above ground (Fig. 
20) '. Common masonry techniques are used, with 
gang forms laid on level ground and filled 
with liquid mud. When partially dry, forms 
are stripped as shown in Figure 21, center, 
and when dry enough to handle, bricks are 
tipped on edge for further drying, as shown 

in the upper right corner of this photograph. 
Narrow horizontal dimensions between openings 
and corners are to be avoided, as slender col
umns are unstable. The bricks must be stacked 
on edge to reduce breakage. If a larger sur
face is laid flat and stacked, irregularities 
and weight cause high breakage. Mud mortar 
when laying compensates for this (Fig. 22). 
A mason's line is used to keep courses straight 
and level (Fig. 23). 

In the re-examination of building material 
costs and values, we must also examine the 
energy cost that goes into the manufacture and 
transportation of the specific material delivered 
to where it will be used. Fired brick may be 
produced which will have superior weathering 
qualities when compared to adobe, but what is 
the energy cost to produce them? Do these fired 
bricks really provide that much more benefit? 

Aluminum, for example, has many unique at
tributes useful in building, but field use over 
many years has demonstrated many shortcomings 
of this ini~ially 'wonder' material. The large 
quantities 6f energy required to produce it may 
become prohibitive and thus restrict its use to 
its unique features. Many other materials take 
on a new dimension when viewed in the manufac
turing/transportation energy spotlight. 

More and more, as we rediscover the old 
ways, we reach a true energy-cost perspective 
that permits us to make the best use of old 
and new. Adobe makes sense for the future, 
as it did in the past. Adobe comes full circle. 
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Fig. 1: Cross section, typical Pit House 
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Fig. 2: Taos Pueblo, New Mexico (1947) Fig. 3: Casas Grandes Ruin, Chihuahua, Mexico (1978) 

Tuonyi 
ruin 

High canyon walls protect 
and reflect sun warmth 

House block in full sun 

North-South lateral section 
of Frijoles Canyon 

Fig. 4: Drawing of Tuonyi Ruin, Bandelier National Monument, New Mexico 
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Fig. 9: Tumacacori Mission, Arizona, ca 1820 (1963) 

Fig. 10: Casa de Armijo, 1706, Albuquerque, New Mexico (1978) 

Fig. 11: Palace of the Governors, Santa Fe, New Mexico, 
ca 1610 (1978) 
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Fig. 14: Visitor Center, Tumacacori Mission, Arizona (1978) 
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Fig. 17: Warehouse, Gallup, New Mexico (1978) 

Fig. 18: Victorian style home, Albuquerque, New Mexico (1976) 
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Fig " 19: Hypothetical adobe shelter 



Fig. 20: Construction mud pit, Corrales, New Mexico (1971) Fig. 22: Brick stack, Alameda, New Mexico (1970) 

Fig. 21: Adobe making, Alameda, New Mexico (1970) Fig. 23: Adobe laying, Corrales, New Mexico (1971) 
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Clearview Solar Collector® Space Heating Systems, with Integrated Evaporative Cooling 

John Peck 

John Peck received the B.S. degree in 
Metallurgical Engineering (1958) from the 
University of Arizona, and the Ph.D. in Metal
lurgy (1963) from the Massachusetts Institute 
of Technology. From 1963 to 1969, he was 
Project Engineer for Motorola, Inc., Phoenix, 
Arizona, and since that time has been Materials 
Engineer with the University of Arizona1s 
Environmental Research Laboratory. 

His work in the subsequent decade for the 
ERL has focussed on greenhouse technology, 
including the use of solar collectors in com
bination with evaporative coolers. Current 
research is directed as well toward active
passive systems for residences. His many 
publications convey the emphasis on the poten
tial for greenhouse-residence systems. Dr. Peck 
is the person most closely associated with the 
ClearView Solar CollectorRg 
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Fig. 1: ClearView Collectors installed at Environmental Research 
Laboratory, University of Arizona, Tucson 



CLEARVIEW SOLAR COLLECTORR SPACE HEATING SYSTEMS, WITH INTEGRATED EVAPORATIVE COOLING 

The ClearView Solar CollectorR concept 
originated at the University of Arizona at a 
meeting between Carl N. Hodges, Environmental 
Research Laboratory, R. LarLY Medlin of the 
College of Architecture, and the author. It 
was evident that a solar collector mounted 

John Peck 

on the south wall of a home, permitting vision 
outside where desired, would solve many prob
lems. One solution was the use of slats 
enclosed between panes of glass, which absorb 
approximately 80 percent of the sunlight and 
transfer the resultant heat directly into 
the house or to a rockbed for storage. The 
rest of the sunlight illuminates the room 
with diffuse light. 

The test installation based on this 
concept is shown in Fig. I (Frontispiece, 
opposite), with the person standing outside 
the collector at the Environmental Research 
Laboratory (ERL). There is no one ClearView 
collector, but rather a group of collectors, 
all based on venetian blinds or dark absorbent 
glass, varying from completely passive to 
hybrid to fully active systems, each with its 
own appropriate integrated evaporative cooling 
and auxiliary heating system. 

N 

warm air 
to room 

Venetian blind 
(dark top, white 
bottom) 

Base held out 
from wall 

Section 

l("/ 

// 

// 

// 

Fig. 2: Window Venetian blind solar absorber 
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Fig. 3: ClearView window solar absorber 

Passive Systems 

The simplest of the many forms of the 
ClearView collector, the ClearView window 
solar absorber, is just a venetian blind that 
is dark on the concave top surface, white 
on the convex bottom surface, and placed 
in a south-facing window (Fig. 2). The 
sunlight strikes the dark surfaces of the 
blind, convection causes air to flow over 
the hot slats, heating the air, which then 
travels upward (Fig. 3) to the peak of the 
house in the beamed ceiling area. The warm 
air can be blown by a fan into the north 
rooms of the house through a duct. 

Alternatively, an open type floor plan 
with transom openings above doors and with
out furred down ducts ('hot air dams') may 
be used to allow air to circulate naturally, 
a technique used in a house we are building 
at Window Rock, AZ (Fig. 13). If the house 
should get too hot, the blinds can be turned 
white side out to reflect about 50 percent 
or more of the light back outside in the 
winter. Because such south windows sometimes 
produce too much heat, this type of house 
works best if there is a venting provision. 
Although allowing sunlight to shine directly 
on masonry floors is an effective way to 
store heat in a home, carpets reduce the 
advantage of this technique, and both fur
niture and carpets fade in such a system. 



The blinds reduce fading, while allowing the 
window heat to be used and distributed through 
homes with normal floor plans. 

To stabilize interior temperatures at 
night heat is stored in the house itself, 
in masonry interior and exterior walls. 
With this type system, and depending on 
the construction techniques, the house will 
vary about 70 to 10 0 from day to night in 
climates like that of Tucson. 

Those knowledgeable in the .solar art 
recognize the disadvantages of the above 
system: 

the blinds have to be turned dark 
side up or white side out 

manual vents have to be operated 

the system requires daily operation 
and adjustment 

decorated insulative window plugs 
may need to be placed in the win
dows to prevent excessive heat 
loss on cold nights. 

Hybrid Systems 

While the hybrid form of the ClearView 
Collector (Fig. 4) is more expensive, it 
can reduce or eliminate the disadvantages 
of the above totally passive system: 
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Fig. 4: Hybrid form of the ClearView Collector 
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it is comprised of a glass wall 
over the actual wall of the house 
with venetian blinds sandwiched 
between 

view windows are placed where desired 

if double sliding patio doors are 
used as view windows, the blind 
controls do not have to penetrate 
the wall 

blind removal is simplified. 

Fig. 4 shows that the air can travel passively 
by natural draft over the blinds and back 
through a window in the house into the south 
rooms. A fan is required to distribute the 
heat to the north rooms. In a slightly more 
expensive form, this unit can be automated 
with a small 100-watt fan. This is illustrated 
on the night side of Fig. 13 in which a small, 
quiet propeller fan is controlled by two simple 
thermostats: the remote thermostat turns on 
when the collector is hot, the room thermostat 
turns on when the house is cool. When both are 
on, the fan goes on and supplies heat to the 
house. If either condition is unsatisfied, 
the~ nothing happens, and the collector simply 
stagpates, heating the masonry parts of the 
wall. At such times, the blinds may be raised 
from inside the house and the heat absorbed 
directly in the south-facing masonry wall, as 
in the Trombe wall. However, the ClearView 
Solar Collectors are primarily hot air 
collectors. 

A house to which this system was retro
fitted is shown in Fig. 5, where the left unit 
is the passive unit and the right unit is the 
automated, hybrid unit. Once again, the heat 
is stored in the house itself. A masonry 
house does not get cold when the sun goes 
down or the heat is turned off. The data 
shown in Fig. 6 illustrates the temperature 
stability of this bonded brick home, without 
any insulation in the walls, single-glazed 
windows, and approximately an R-19 insulation 
factor in the attic. With the addition of 
outside insulation on exterior masonry walls, 
as well as some masonry interior walls (both 
of which add thermally active mass to the 
structure of the house), double-glazed windows, 
and/or insulative panels in the north windows, 
the performance would have been still better. 

In the op1n10n of the family occupying 
the home, any temperature 65°F or more in the 
morning hours around 6:00 a.m. is quite 
acceptable on any day. Any temperatures higher 
than 75°F during the day tend to feel warm, 
and any temperatures at 6:00 a.m. from 60-65°F 
are acceptable on weekdays when the family is 
active, but tend to be less so on Sundays 
when most people are relatively inactive, 
allowing for variations in temperature require
ments of different people, especially those of 
differing ages. It is interesting to note 
that even on days without much sunlight at all, 
the interior did not fall to unacceptable 
temperatures, due to the relatively high 
ambient temperatures normally occurring at 
such times. Use of timed heat lamps in several 



Fig. 5: Left unit passive, right unit automated hybrid unit 
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Fig. 6: PerfGCmance data, solar assisted house, with passive/ 
active ClearView Collector, Tucson, Arizona 

!ocations in such a house is suggested, so 
that local areas can be heated temporarily 
while awaiting the arrival of the sun's heat 
in the morning. 

Some people are concerned about over
heating such a collector in the summer. 
During the summer, evaporatively-cooled air 
is partially exhausted through the collector 
to cool it. Since the venetian blind slats 
shade the wall, no overhang is needed to shade 
the collector. The evaporative cooler instal
latio~ is designed to make its operation as 
functional as possible in such a massive home. 
The grouted masonry walls, with exterior 
insulation used to optimize interior temper
ature stability during the winter, also have 
a significant effect during the summer, since 
the cooler can be operated at night, cooling 

the mass of the home without excessively 
cooling the bedrooms. The cool mass improves 
comfort the following day. 

The design techniques for the hybrid 
ClearView Collector are not complex. The 
average 24-hour heat loss of the home in 
January, including the effect of solar gain 
on all building components, is determined by 
the method in Reagan (1975)* which is quite 
simple and easily understood. This value is 
relatively independent of the thermally active 
mass of the home. Then, nominal 8' x 4' Clear
View panels valued at 20, 000 BTU/ panel are 
added until the net heat requirements on an 
average January day are met. This is the 
minimum number of panels. This technique was 

*Reagan, J. A. (1975) Energy conservation for the home or 
How to lower your utility bill. University of Arizona 
Engineering Experiment Station, Report 45. Rev. ed., 78 p. 



verified on the retrofit home, where average 
interior temperatures on sunny days were cal
culated to be approximately 13° above the 
average outside temperature. At such times, 
the actual data showed values very close to 
the above, ranging from 12-15° above the 
average ambient temperature (Fig. 6). The 
daily temperature variation of the house 
interior is shown by the upper lines. This 
is a function of both the amount of mass in 
the house and the heat losses of the house. 
The bonded brick house discussed previously 
had a 10° internal temperature variation on 
sunny days. Obviously, interior mass and 
insulation values are somewhat interchangeable. 

The auxiliary heating is best located in 
the daytime occupancy area only, if maximum 
economy is desired. In this way, heat losses 
in bedrooms, which can be at lower temperatures 
than the rest of the house, can be reduced. 
When solar heating occurs, however, the entire 
house is heated. Bottled gas is one method 
of auxiliary heating, using wall panel furn
aces with electric ignition, located on 
exterior walls, which are completely thermo
statically controll~d and use combustion air 
from outside the home. 

Active Systems 

The top-of-~e-line ClearView Collector 
system is the fully active form. A fan blows 
air horizontally, or vertically, over the 
venetian blinds encased between the south 
wall, in which windows are placed wherever 
desired, and an exterior glass wall. This is 

•• :.'II ..... :. ..... ~.:, 

(J tr~~r~nt sec.tion b. ~ ~ec.tion 

Fig. 7: ClearView Solar Collector, active form 

illustrated in the horizontal airflow version 
in Fig. 7. The interior wall is simply a 
masonry wall with double-sliding, double-glazed 
patio doors placed wherever large view windows 
are desired. 

143 



144 

Fig. 8: Miller house, illustrating active system 

Thes~ windows give complete access to the in
terior part of the solar collector for cleaning, 
repair or maintenance. Operable blinds are 
used where windows are located and inoperable 
blinds where opaque walls are located. In 
the Miller house (Fig. 8), these patio doors 
work quite well. The system, as exemplified 

in this structure with its large solar collector 
and using a large rockbed to store heat for 

"nocturnal and cloudy day usage, has performed 
so successfully that the Miller house has not 
required any auxiliary heat during the two 
winters it has been operational. 
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Fig. 10: Output temperatures of rockbed and 2-stage evaporative 
cooling for 3 summer days 

The rockbed, shown during construction 
(Fig. 9), is a basement partly filled with 
sized rock, which is restrained by a chain 
link fence on two sides to form the air 
plenums. Air flows horizontally through the 
3"-S" diameter rock. 

The main reason for such a large rockbed 
is two-stage evaporative cooling. While 
there are other ways to improve evaporative 
cooling, such as the Australian regenerative 
rockbed, they all have their potential prob
lems and disadvantages. We have chosen to 

take a very simple brute force approach, 
where we use a very large rockbed, whose 
permitted airflow rates are perfectly adequate 
to minimize the temperature rise of the air 
passing through the house. The rockbed and 
the house are cooled at night with ordinary 
evaporative coolers. During the day, outside 
air is drawn in the opposite direction through 
the rockbed to precool it, without humidifi
cation, before subsequently evaporatively 
cooling it further. This produces output 
temperatures of 6S-72°F during July and August, 
as shown in Fig. 10. 



Fig. 11: Model showing blower room in far corner, with outlet 
at nearest corner of rockbed 
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It is possible to recirculate house air 
through the rockbed, but the two extra power 
dampers required to automate this mode of 
operation add $400-$500 to the price. This 
mode has not been necessary. 

During the summer, evaporatively-cooled 
air is exhausted through 

the ClearView Collector, or 

the attic, to expel heat before 
it enters the house, or 

windows, allowing heat absorbed 
by dark venetian blinds to be 
expelled. 

These systems are operated with a push
button panel, where a push of the selected 
button chooses the mode of operation, and 
all fans and dampers except one are automat
ically changed. In a continuing series of 
designs, the system chosen for the next house 
uses three fans and three dampers, as shown 
in the model displayed in Fig. 11, where the 
blower room is in the far corner. The outlet 
to the outside, permitting the air either to 
be taken into or blown from the rockbed during 
the summer, is at the nearest corner of the 
rockbed. 

Shown in Fig: 12 is the blower room 
system, containing a recirculating fireplace, 
the main evaporative cooler, the rockbed 
cooler, the collector fan, and a plenum cham
ber. It is felt that the flexibility and 

accessibility of this system is a major advantage 
at this time: 

fans can be adjusted individually 
for their appropriate tasks without 
undue difficulty in reaching them 

standard coolers are used so the 
homeowner can easily maintain the 
system 

power dampers are all accessible 
because they are all bolted onto a 
surface (not slid into a duct) and 
can be removed very easily for 
maintenance. Slide dampers can be 
placed over them and taped to prevent 
leaks 

the large opening to the outside, 
allowing ambient air to enter the 
room when both coolers are operating, 
is simply a foam-insulated door with 
magnetic weather stripping operated 
by a standard power damper operator. 
This door is low in cost relative 
to a large power damper of this size 
and has fewer leaks, in that only 
the edge of the weather-stripped 
door can leak, as opposed to the 
many joints in the standard power 
damper. 

The maximum horsepower required in the 
Miller home is 3/4 HP; thus, the operational 
cost is similar to that of many present 
ordinary coolers, due to the low pressure. 
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Fig. 13: Section and plan of low-cost passive solar home 
designed for Office of Navajo Economic Opportunity, 
based on standard low income HUD-financed home. 

drops designed into the system. At 6¢/kwh, 
the system costs ~$25-$35 a month to operate. 
In this system, solar collection can be 
achieved independently of any other function, 
except those involving the rockbed and two
stage evaporative cooling. Thus, it is pos
sible to ventilate, one-stage evaporatively 
cool, solar heat, recirculate or fireplace 
heat any time without interfering with solar 
collection. The fireplace becomes a very 
important feature here because, if auxiliary 
heat is required, it is an eminently suitable 
source. The auxiliary electrical resistance 
heating element is a convenient source of 
backup heat, and is a very low consumer cap
ital auxiliary heat source, although it will 
probably not be used if power companies install 
demand meters on these homes, and indeed it 
was never needed on the Miller house. The 
size of the blower room can be decreased 
somewhat if the fireplace is placed elsewhere, 
and even further blower room size reduction 
is possible by using one cooler for all cooling 
purposes; this reduces the flexibility of the 
system, however, and will be done later when 
more operational data are obtained. 

In one part of the course of the develop
ment and introduction of the ClearView system, 
we are designing and building a small home 
using the simplest ClearView solar absorber 
technique, at Window Rock, Arizona (Fig. 13). 
This should be a very useful technique for 
lower income homes, and possibly for other 
homes, where the owner does not desire close 
temperature control, nor does he mind doing 
things on a daily basis. We are also building 



more hybrid ClearView collector homes with 
outside insulation, in concert with U. S. 
Home Corporation which can multip~y this 
knowledge very rapidly and obtain glass and 
blinds at a greatly reduced cost due to vol
ume purchasing. There are many simple and 
elegant ways to design this device into homes 
in an attractive way. It is also possible for 
builders to offer the ClearView passive/active 
collector as an option in which the duct sys
tem, the extra concrete slab, and the openable 
areas for a fan are built into the home, so 
that the device can be added later at the 
owner's discretion. 

Regarding the top-of-the-line active form 
of the ClearView Collector with two-stage 
evaporative cooling, this system seems to be 
pointed quite naturally in the direction of 
the hybrid system in its general construction. 
The fully active system is expensive at this 
time, adding roughly $10,000 to the cost of a 

2,000 square foot home, as do most active 
solar heating systems. The natural flow of 
development seems to be toward that of a sys
tem similar to the hybrid system, but modified 
to accept the rockbed without the power damp
ers and controls used now. We believe that 
the active top-of-the-line system is best ap
plied to homes costing more than $80,000-
$100,000 and containing approximately 1,~00 
square feet or more, that is, in the province 
of the quality custom builder and the archi
tecturally-designed home. 

An exciting development is the use of dark 
absorptive glass (U.S.Patent No. 4,050,443) in 
place of the Venetian blinds. While this system 
has its advantages and disadvantages, it performs 
quite well, is very attractive to many people, 
and is destined to be an important member of the 
ClearView Collector family. It also can be 
fabricated on site from standard parts. 

We should like to thank the many University 
people, industrial concerns, and professional 
colleagues who have helped in the development of 
the ClearView Solar CollectorR system. 
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LE CORBUSIER IN NORTH AFRICA: THE BIRTH OF THE "BRISE-SOLEIL" 

Harris J. Sobin 

Le Corbusier (1887-1965) is generally 
conceded to have been the most influential 
architect of the twentieth century. In a few 
unprecedented designs executed in the 1920s, 
he created a new, spare kind of architectural 
language inspired by engineering technology 
and a machine esthetic. This new language 
was as formally powerful and independent of 
the past as had been the paintings of C~zanne 
and Picasso in the opening decade of the 
century. Le Corbusier'also became his own 
most effective propagandist. A series of 
brilliant polemics he wrote in the 1920s made 
both his buildings and theories known through
out the world. At this point, he might well 
have been expected to consolidate his achieve
ment by continuing to apply and refine the 
new methodology. He did just the oppositeo 
Starting about 1930, as Reyner Banham puts it, 
Le Corbusier "took to the woods." Rather 
than continuing to separate buildings spirit
ually and structurally from their surroundings, 
he began to seek for his architecture a greater 
sense of unity both with man and nature o 

Moving away from his earlier antiregional 
'International Style' approach which tended 
to bring forth the same sort of result 
irrespective of climate or culture, Le Cor
busier began to develop an alternative way 
of building which was more responsive to 
regional factors. Hermetically sealed heavily
glazed designs intended to be fitted with 

innovative but utopian high-tech mechanical 
controls were abandoned and 'passive' methods 
allowing direct contact between indoor spaces 
and the natural environment took their place. 
A reductive use of smooth geometric exteriors 
gave way to more complex, sculptural facades 
forming a protective transition zone between 
inside and outside. Thin, smooth stucco or 
glazed exteriors were replaced by natural 
stone, rough concrete and shaded glass walls. 
Within a short time, Le Corbusier had single
handedly created a modern folk vernacular. 
While the physical features of this apparently 
regressive development are well described in 
the literature, the motivations behind it 
remain in many ways enigmatic. The present 
paper has two goals: first, to show that the 
desert region played an important, even crucial 
role in this architectural 'about face', and 
second, to show how Le Corbusier synthesized 
climatic needs and vernacular precedents during 
these pivotal years into his (second) new 
architectural language. 

Previous studies of the architectural 
career of this important figure have concen
trated, for the most part, on the formal 
aspects of his work. The emphasis of this 
paper, on the other hand, is on Le Corbusier's 
little recognized contributions in the field of 
energy-efficient design 0 
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Starting in 1929, Le Corbusier's in
creasingly successful career as architect 
and author gave him the freedom to begin 
travelling widely. * His trips often took 
him into some of the world's pre-industrial 
or less developed regions. He usually made 
these voyages as a visiting lecturer, invited 
to spread the doctrine of the new architec
tural order. 

As Le Corbusier envisioned it in the 
1920s, that new order promised daylight
filled, thin-walled,machine-esthetic struc
tures with relatively large areas of clear 
glazing all of which was then to be rendered 
thermally habitable through the use of two 
technically sophisticated systems: the 
'neutralizing wall' and 'exact respiration'. 
As he explained in his lectures, the latter 
was an elementary form of air conditioning 
the former a hermetically sealed system of 
double glazing filled with fast-moving hot 
or cold air (depending on the season). Le 
Corbusier claimed that his systems could 
safeguard otherwise vulnerable glass walls 
against solar overheating.** This claim was 

*Le Oorbusier's voyages during these years include Spain (1928), 
Brazil, Argentina, and Algiers (1929), Spain and Algiers 
(1936), Spain, Morocco, Algeria (1931), Spain and Algeria 
(1932~, Greece and Algeria (1933), Spain and Algeria (1934), 
and Brazil (1936). 

**For the 'neutralizing wall' and 'exact respiration' see 
Le Oorbusier (1928, p. 128-132; 1930, p. 64-66, 164-165). 
For his claim that these two systems would safeguard glass
walled buildings against overheating see Boesiger, ed. 
(1935, p. 101). 

clearly based on a thorough misunderstanding 
of the physical principles involved. Neither 
doubling of the glass wall nor a flow of 
cooled air between two layers could have had 
any appreciable effect in reducing radiative 
transmission of solar heat into building 
interiors. 

Far from seeing any flaw in his propo
sitions, he announced in 1929 that the air
conditioned 'glass box' was universally 
applicable provided it was equipped with 
these two systems. The combination would, 
he said, provide the perfect modern age 
environment not only in Europe, but every
where: "Each nation", he wrote, "builds 
houses for its own climate. At this time 
of international interchange of scientific 
techniques, I propose: one single building 
for all nations and climates: the house 
with respiration exacte" (Le Corbusier, 1930, 
p.64). While the environmental feasibility 
of such sweeping concepts was open to serious 
doubt, the force of his personality and the 
sheer freshness of the ideas he expressed in 
his lectures continued to bring him archi
tectural commissions from clients in those 
distant places he had begun to visit in 
1929-1931. In addition to the results of such 
personal appearances, Le Corbusier's writings 
and projects of the International Style period 
exerted a powerful influence in promoting 
stylish but energy-wasteful curtain-wall 
construction throughout the industrialized 



world, an influence still very much in evid
ence today. 

Within a year or two after starting his 
crusading lecture tours, however, Le Cor
busier's writings began to reflect a sudden, 
almost obsessive interest in the vernacular 
building traditions of primitive cultures and 
of less developed regions, particularly in 
their approach to energy management both at 
architectural and urban scales. In 1935, he 
expressed his new attitude in these words: 

I am attracted to the natural order 
of things .•• in my flight from city 
living I end up in places where 
society is in the process of organ
ization. I look for primitive men, 
not for their barbarity but for 
their wisdom (Le Corbusier, 1935, p. 6). 

Le Corbusier's crusade had turned into a 
pilgrimage! 

The influence of his travels also appears 
to have been reflected almost immediately in 
his architecture. Beginning about 1930, 
Le Corbusier's smaller scale work mirrors a 
search for architectural alternatives to the 
smooth, slick industrial esthetic of his 
International Style buildings of the 1920s. 
While he never abandoned an insistence on the 
idea of a new architecture, the method now 
chosen to achieve it is radically modified. 
From a reliance on outdated nineteenth century 
structural technology, utopian mechanical 
systems and a rational 'machine esthetic' , 

Le Corbusier now seems to begin a shift toward 
a calmer acceptance of operating within the 
often limited means at hand, and toward a new 
willingness to recognize and respond to basic 
human needs: both characteristics of primitive 
architecture. 

None of the pre-industrial regions he 
visited during this period had a greater or 
more lasting impact on him, none were more' 
primitive, none were more challenging cul
turally or climatically than the subtropical 
coastal and arid regions of North Africa. 
Le Corbusier's long series of visits there 
began with a trip to Algiers in late 1929. 
According to friends who served as his guides 
(Author's interviews with Pierre-Andre Emery, 
1978; Rafi, 1968, p. 51), Le Corbusier was 
absolutely thunderstruck by the Casbah, the 
ancient Arab quarter or medina of Algiers. 
It was love at first sight (le coup de foudre). 
Wandering, sketchbook in hand, he discovered 
the old city, its narrow streets, its ancient, 
thick-walled white-washed houses and its 
inhabitants. He compared the 'civilized' 
European city ("harmful stratification ..• 
reverberating wells. Here is the problem 
backwards! Men have made streets, they have 
forgotten to make homes!") with the 'primitive' 
Casbah ("pure and efficient stratification .•• 
among the terraces which form the roof of the 
city, not an inch is wasted" (Le Corbusier, 
1935; 1967, p. 230). 

His next trips to North Africa came in 
February and August of 1931. During the 
second of these trips he motored extensively 
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Fig. 1: Sketch of Ghardaia made during Le Corbusier's cru
cial August 1931 trip to North Africa, showing 
arcaded courtyard of typical Ibadite house, fore
ground; in the distance, right, the neighboring 
Ibadite town of Me1ika (Le Corbusier, 1931, p. 103). 
(Courtesy Archives Fondation Le Corbusier. 
@ SPADEM, Paris). 
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Fig. 2: Another Le Corbusier drawing made during his 1931 
visit to North Africa (Ibid., p. 104), showing 
arcaded upper ('winter') courtyard of a typical 
vernacular house in Ghardaia's summer town ('oasis'). 
(Courtesy Archives Fondation Le Corbusier. 
@ SPADEM, Paris). 

through Morocco and Algeria with his cousin 
and partner, Pierre Jeanneret. In Morocco 
they visited a number of cities and towns, 
including Meknes, Rabat, and Marrakech. Under 
the summer sun, Le Corbusier saw and sketched 
local indigenous architecture and customs. 
Among the techniques he recorded was the use 
of multiple rows of flat bricks set on edge 
to form simple solar and glare control screens. 
In Algiers, he revisited the Casbah. Later 
the two architects journeyed by car south 
into the Sahara, stopping at the oasis commu
nity of Laghouat. They then continued further 
south to the M'zab valley with its five towns 
and their capital, Ghardaia, founded in the 
eleventh century by a sect of religious 
heretics driven into the Sahara from the north. 
With much industry and great wisdom, the 
Ibadites had survived in the valley's austere, 
inhospitable environment and succeeded with 
highly limited resources in constructing 
these five extraordinarily poetic hill towns, 
marvels of esthetic unity and energy effi
ciency, perfect expressions of harmony between 
man, environment and culture.* 

Each of the five settlements is divided 
into a 'summer town' built within a palm 
grove, and a 'winter town', built on the side 
of a hill. In an article published in 1931 
and illustrated with sketches made on the 

*For 1931 travels in Morocco and Algeria, see Petit, 1970, 
p. 74; Le Corbusier, 1931, p. 97-106. For history and 
planning of M'zab towns, see Les Guides B1eus (1977, p. 511-
518), Hureau (1977, p. 124-127), Donnadieu and Didi110n 
(1977, p. 9-10). 



spot (Figs. 1-2) Le Corbusier described 
Ghardaia's 'summer town': "Green shadow is 
everywhere in the oasis, and water, through 
evaporation, creates the miracle of coolness -
coolness in the desert ••• " and Ghardaia's 
'winter town': "The streets, six feet six 
inches wide, are entirely enclosed by walls 
six feet high. The houses are entirely 
closed toward the street ••• no opening to the 
outside: all walls are party walls. But 
within, a poem! ••• inside, facing into a 
luxuriance of fertile plants, it's a self 
contained instrument, perfect, efficient, 
eminently functional- Human scale. That's 
all: family, coolness, privacy, fruits, 
verdure, arabesques and architecture" (Le 
Corbusier, 1931, p. 104 [trans. by author]). 

The traditional M'zab townhouse in fact 
constitutes a simple but effective passive 
energy system, operating as a sort of solar 
valve. Each house has two superimposed 'court
yards' (Fig. 3). One, on the ground floor, 
is used most often in the hot season. Without 
windows, it is illuminated by a large hole, 
open to the sky, in the middle of the ceiling. 
The hole is covered during summer days to 
deflect the sun and opened during summer 
evenings to allow penetration of the cool 
night air. The second courtyard, directly 
above the lower one, is used mostly in winter. 
Located on the upper floor of the house it 
takes the form of an L-shaped arcade facing 
south and east. These orientations auto
matically provide useful shade in summer when 
the sun is high, but allow it to enter in 

--+)N· 

Fig. 3: Cross-sectional view of traditional M'zab townhouse 
at Ghardaia with typical two-level courtyard, center 
(Donnadieu and Didillon, 1977, p. 159). (Courtesy 
Architectures and Recherches, Pierre Mardaga, Editeurl. 

winter when its warmth is welcome (average 
daytime winter maximum for Ghardaia is 60.8°F) 
(Donnadieu and Didillon, 1977, p. 25, 75-77, 
83-84,109-110). 

In common with most other desert region 
vernaculars, the M'zab house is also built 
with thick masonry walls, often white-washed 
on the exterior, providing both high thermal 
insulation and thermal capacity. Window 
openings are kept small, often little more 
than slots, reducing or eliminating direct 
solar penetration and glare. Of particular 
interest is the use of arrays of closely
spaced small square openings in some walls, 
creating grilles or screens which allow higher 
interior light levels than single windows, 
yet still protect against sun and glare (Ibid., 
p. 91-92,94,97, 103, 109). 
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Toward the latter part of 1931, Le Cor
busier sta.rted designing what turned out to 
be the last unmitigated glass box he ever 
built, an eight-floor apartment building 
located at 24 rue Nungesser-et-Coli in Paris 
(Fig. 4), with the top two floors designed as 
Le Corbusier's own apartment (Boesiger, ed., 
1935, p. 144-153). This duplex unit had two 
all-glass sides, one facing east, the other 
west (the side of a building where maximum 
solar impact coincides with maximum daily 
air temperatures). He considered the use of 
then-current metal roll-up shutters for the 
outside of the glass, but rejected them 
because in use he felt they would produce 
a random pattern of closures across the 
facade, spoiling its "precise proportions 
and dignity" (Boesiger, ed., 1946, p. 104). 

In remembering the story more than a 
decade later, he insisted that he had known 
at the time he designed the building that an 
unprotected all-glass wall could lead to 
serious overheating. "We knew it would be 
hot during the dog-days. But enough of that! 
Parisians go on vacation at that time of the 
year" (Le Corbusier, 1946, p. 104 [translation 
by author]). Whether he really understood 

Fig. 4: Apartme nt block, 24 rue Nungesser-et-Coli, Paris, 
1931-1933: street facade. When this photo was used 
later in a publ ication (Le Corbusier, 1960, p . 107), 
the architect added the l egend shown in margin, upper 
left, opposite his own eighth-floor studio's unpro
tected east-facing all glass window wall: "In this 
studio the brise soleil was discovered ... and with 
good reason!" (Courtesy Frederick A. Praeger, Inc.). 



the thermal consequences of glass walls at 
the time, he certainly learned about them 
after moving in, confiding to Louis Miquel, 
one of his collaborators, that "my apartment 
is unlivable in the summertime" (author's 
interview with Louis Miquel, 1978). Actual 
occupancy of one of his own 'glass boxes' 
seemed in fact to have led him to his first 
real appreciation of their inherent problems. 

In the latter part of 1932, Le Corbusier 
received commissions for two housing schemes 
in Algeria and one for Barcelona. The designs 
he produced in response to these commissions 
form important miie~tones in contemporary 
development of energy-efficient architecture. 
Little hard evidence is available concerning 
the circumstances of these projects or the 
design process used in carrying them out; 
nevertheless certain known facts and attitudes 
surrounding those projects relevant to an 
understanding of their origin and significance 
can be summarized. 

First, Le Corbusier seems to have decided 
to persist with the use of all-glass walls, 
even in North Africa. The provision of large 
amounts of daylight and sunshine was more 
than ever at this time an article of faith 
for him and for most of his contemporaries 
in the Modern Movement. At the same time 
Le Corbusier seems to have finally realized 
that any workable general solution for the 
all-glass facade in hot climates must suc
cessfully deal with the problem of the sun. 
What appropriate concepts and images would 
have been 'on hand' for Le Corbusier to help 

resolve this dilemna in 1932-33? We know of 
four: 

1) 'neutralizing walls' 

2) traditional hinged or roll-up 
shutters or awnings 

3) the • parasol , roof and 'verandas' 
of the Villa Baizeau, a house he 
had designed for Tunisia in 1928 

4) traditional passive control concepts 
from the vernacular architecture of 
the North African deserts 

Le Corbusier's major architectural in
vention to date for insuring the livability 
of the glass box, the 'neutralizing wall', 
was now perceived to have been a failure. He 
had just received two very negative scientific 
appraisals of the idea from major engineering 
organizations (Still, 1930; Le Braz, 1932), 
and two successive rebuffs in attempting to 
persuade clients to overcome their distrust 
of using the system. 

Except as a last resort or when his clients 
insisted on them, Le Corbusier did not utilize 
traditional European protection devices such as 
canvas awnings or metal shutters. His preference 
was always for elements capable of forming 
an integral part of the architecture and in 
harmony with its essential nature. He was 
opposed to the use of expedient 'clip-on' 
accessories, inevitably subject to variations 
or adjustments by the occupants. 
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Fig. 5. The first design of the Villa Baizeau, 1928-1929, 

rejected by the client as climatically inadequate 
(Le Corbusier, 1960, p. 60; see also Boesiger and 
Stonorov, eds., 1929, p. 176-179; Le Corbusier, 1933~ 

p. 25 and Plates 4-7; Baizeau letter, 1928). 
(Courtesy Archives Fondation Le Corbusier. ~SPADEM, 
Paris. 

Fig. 6: Villa Baizeau, 1928-1929;' view from the north of 
executed scheme. Le Corbusier's first structure 
to come to terms with the sun. {Besset, 1968, 
p. 2080 (Courtesy Editions d'Art Albert Skira). 

Next, there had been the painful experience 
of designing a house for North Africa at a 
distance, mostly by correspondence. In 1928, 
more than a year before Le Corbusier had 
actually visited the region, Lucien Baizeau, 
a French colonial building materials supplier, 
commissioned a house design for a seaside 
site near Tunis. Le Corbusier submitted four 
successive International Style schemes. Each 
had large unprotected areas of glass, ribbon 
windows and a roof terrace. The architect's 
sole concession to the Tunisian sun was a 
'parasol' roof with which he proposed to 
shade the terrace (Fig. 5). 

The client rejected all four schemes as 
inappropriate for the climate. During this 
process, Baizeau discovered that Le Corbusier 
had no clear understanding of the needs of 
tropical architecture, including natural 
ventilation and solar control. To break the 
continuing deadlock Baizeau sent in his own 
design, indicating deep verandas on three 
sides of the multi-storied house and accompanied 
by a cogent, forceful letter explaining 
precisely what he wanted and why. Baizeau's 
plan was followed with surprising exactitude 
in Le Corbusier's final scheme (Fig. 6). 

The Villa Baizeau represents the first 
project in Le Corbusier's career which posed 
a clear conflict between International Style 
ideals and environmental realities. It seems 
to have provided him with his first intimation 
that the taut smoothness and simplicity of the 
exterior surfaces of his architectural approach 
to date needed to become richer, more compli-



cated, more 'layered' and thus in a way more 
traditional, if it was going to be able to 
adequately control environmental forces by 
architectural means. Despite the fact the 
client had called the environmental shots, 
the Villa Baizeau remains Le Corbusier's 
first structure to corne to terms architec
turally with the sun. 

Finally, Le Corbusier's visits to the 
North African deserts had revealed to him the 
existence of a world of poetic replies to 
the question of how to create livable environ
ments in the desert solely with architectural 
means without the use of 10stly mechanized 
systems. He had seen, fO;J: example, that 
thick walls, a limited amount of carefully
placed openings and fixed or movable screens 
could be arranged to provide a 'valve' capable 
of allowing the sun and its warmth to enter 
in winter, while providing priceless shade 
in s urnrner. 

It was with this limited background that 
Le Corbusier began work on the government 
housing project for Barcelona and two private
sector housing schemes for Algiers, all of 
which had been commissioned in 1932. These 
were the first projects for hot climates the 
architect carried out after his initial 
visits to North Africa. Preliminary studies 
for all three were completed by early 1933. 
These designs mark the first appearance in 
his work of the deep architectural sun-screen 
devices which Le Corbusier soon began to 
call brise-soleil, or 'sun-breakers'. Though 
all three remained unbuilt, these influential 

Fig. 7: Project for low cost rowhousing, Barcelona, 1933. 
Site plan of one typical 430 ft. by 650 ft. auto
free cluster (Courtesy Archives Fondation Le Cor
busier. @ SPADEM, Paris). 
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Fig. 8: Project for low-cost housing, Barcelona, 1933. Per
spective of contiguous 3-story rowhouses showing 
large-scale adjustable louvers for solar shading. 
(Courtesy Archives Fondation Le Corbusier. ~SPADEM, 
Paris). 

schemes represented a significant conceptual 
step in Le Corbusier's flight from the 'glass 
box'. Thirty years later, he recalled that 
it had been in his seventh floor apartment at 
24 rue Nungesser-et-Coli, well and truly over
heated by the sun entering through all-glass 
east and west walls, that the brise-soleil 
had been invented: " .•. and with good reason!" 
(Le Corbusier, 1960, p. 107) (Fig. 4). There 
is little doubt that this inspiration carne 
to him while he was working on the housing 
projects for Barcelona and for Algiers. 

The Barcelona migrant worker housing 
was designed as part of a large urban reno
vation scheme undertaken for the Spanish 
government in the spring of 1932. This low
rise housing scheme, with densities of up to 
60 units per acre, was arranged in tightly-

planned clusters of three-story rowhouses 
facing out onto narrow pedestrian walkways, 
all within an auto-free 'superblock' (Fig. 7). 
A tree was to be planted in front of each 
dwelling unit alongside the public walks. As 
usual, Le Corbusier did not discuss his sources 
for this pro~ect. In overall organization, 
however, the scheme is strongly reminiscent 
of a North African medina or one of the 'summer 
towns' of the M'zab valley, regularized to 
facilitate the use of an industrial mode of 
production. Three 'passive' environmental 
control devices were used in the design of the 
individual units: 

1) earth-covered roofs for insulation 

2) top-lit internal stairwells doubling 
as air shafts to insure cross
ventilation 

3) large-scale horizontal louvers 
for solar shading spanning between 
the side walls of each unit (Fig. 8) 

Like the linked slats of traditional window 
shutters used in Mediterranean countries, 
the angle of these big louvers could be 
adjusted from fully open to fully closed, 
or like the blades of a venetian blind, 
pulled up into a ceiling pocket and stored 
completely out of the way (Boesiger, ed., 
1935, p. 194-199; Le Corbusier, 1960, p. 110). 
Le Corbusier regarded the Barcelona louvers 
as the next step after the Villa Baizeau 
verandas in his development of an architectural 
solar shading device. To the Villa Baizeau's 



overhead canopies he had now, in effect, 
added vertical elements (the side walls) 
and a horizontal screen (the louvers) placed 
directly across window openings, in order to 
improve both flexibility and effectiveness. 
He soon came to believe, however, that the 
use of movable elements had been a mistake. 
His later designs invariably made use of 
fixed, not movable sunbreakers. "The real 
principle", as he explained in 1960, "is this. 
It is the sun which does the moving, never 
once occupying the same place in the sky for 
365 days (Le Corbusier, 1960, p. 111).* 

The Algiers projects of 1933 were com
missioned by French colonial clients, M. Durand, 
a businessman, and M. Ponsich, an architect. 
The Durand project, located southeast of 
Algiers at Oued Ouchaia, was designed with 
over half of its units in II-story blocks, 
each containing 300 families. Though the 
north and south facades of' these blocks were 
almost totally glazed, Le Corbusier protected 
their south sides by corbelling out successive 
levels (Fig 9). The resulting overhangs 
provided much the same shading as the Villa 
Baizeau verandas: adequate around noontime, 
but giving relatively little control when 
the sun was at lower altitudes in the south
east or southwest skies (Boesiger, 1935, 
p. 160-169; Le Corbusier, 1933, p. 48-56 and 
plates 41-42). The scheme's remaining 600 
units were planned as free-standing houses, 
and designed as either three or four bedroom 
types (Fig. 10). 

*For development of brise-soleil concept, see Boesiger, 
ed., 1946, p. 103-107. 

Fig. 9: Project for Durand housing development, Oued Ouchaia, 
Algeria, 1932-33. Perspective from the southwest of 
ll-story apartment block (Le Corbusier, 1933, p. 53). 
(Courtesy Editions Albert Morance) . 

Fig. 10: Project for bur and housing development, Oued Ouchaia, 
Algeria, 1932-33. Model view of 4-bedroom house type. 
This scheme marks the second appearance of brise
soleil in Le Corbusier's work. (Boesiger, ed., 1935, 
p. 169) (Courtesy Editions d'Architecture-Artemis 
Verlag). 
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The Ponsich project (Fig. 11) was devel
oped as a IS-story apartment building for a 
steep north-facing site overlooking Algiers. 
(For descriptions of Ponsich apartment building, 
identified as 'une maison locative a Alger,' 
see Boesiger, ed., 1935, p. 170-173: Le Cor
busier, 1933, p. 56 and Plate 43). Although 
both the Durand houses and the Ponsich building 
used large glazed areas, all glass facing 
west and south in each project was screened 
by small-scale alveolar or 'honeycomb' grilles. 
Made of thin concrete, each component of the 
honeycombs was mounted at a right angle to 
the facade, just beyond the exterior face of 
the glass. These two schemes mark the first 
appearance in developed form of Le Corbusier's 
major environmental invention. Intended to 
'break' the sun's rays, Le Corbusier at first 
called these honeycomb-like elements brise
soleil d'ete ('summer sun-breakers'). He 
soon simplified the name to brise-soleil or 
sun-breakers (Le Corbusier, 1933, p. 56). 

Some idea of the design methodology which 
led Le Corbusier to the brise-soleil ide a can 
be gathered from an article he wrote describing 
the Durand and Ponsich schemes and published 
in the same year, 1933. After describing his 

Fig . 11: project for Ponsich apartment block, Algiers, 1933. 
View of model from the southwest. The first appearance 
in developed form of Le Corbusier ' s 'sun-breaker' 
concept . (Le Corbusier 1960, p. 109) (Courtesy 
Frederick A. Praeger, Inc.). 



new inventions and their application in the 
project, he goes on to say: 

••• so out of simple deference 
to imperative local conditions, a 
"North African" architectural style 
appears. 

Imagine this architectural 
landscape with its large, bright 
window openings facing east and 
north, and its honeycombs facing 
south and west. 

Remember the Moroccan window 
openings equipped with claustras 
made of bricks, arranged like a 
pack of cards set up at right 
angles in the depth of the wall: 
the same sculptural and archi
tectural results can be achieved 
with modern techniques. Unity, 
regional style ••• (Ibid. [translation 
by author]). 

This statement provides us with a useful 
measure of the change which had taken place 
in Le Corbusier's attitude toward technology 
and design in only a short time. Rather than 
the "single building for all nations and 
climates", totally reliant on high-tech 
mechanical systems proposed four years earlier, 
he now invites us to compare his new work with 
features of North African vernacular archi
tecture, firmly advocates "deference to 
local conditions", and speaks kindly of a 
"regional style"! 

Throughout the balance of the 1930s, 
Le Corbusier spent considerable effort 
developing and applying his new architectural 
philosophy. Much of this development was 
directed toward improving the brise-soleil 
concept, and in particular correcting the 
tendency of the closely-spaced elements of 
the early 'honeycomb' sun-breakers to block 
views through otherwise unobstructed glass 
walls. 

By the time Le Corbusier was commissioned 
in 1934 to formulate an overall plan for the 
Algerian city of Nemours, he had become quite 
climate-conscious. For Nemours he proposed 
a series of apartment blocks with their long 
facades oriented north and south, "the most 
favorable orientation for North Africa" 
(Bill, ed., 1939, p. 29), he said. The fol
lowing year, he submitted a scheme for a 
special multi-purpose block containing housing, 
a hotel and offices, for the city's proposed 
new center (Fig. 12). Compared to the Algiers 
'honeycombs', the height and width of the 
elements of the brise-soleil used in this 
project were increased to the scale of 'loggias' 
or balconies whose size corresponded either 
to one interior space or to an entire duplex 
apartment unit. The increased height and 
width of the elements of the brise-soleil 
was accompanied by a necessary increase in their 
depth, in order to maintain an equivalent 
shading effect. Though views were potentially 
much improved by this scale-change, the problem 
of a west facade had not yet been confronted 
(Ibid., p. 100-101). 
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Fig. 12: Project for a mUlti-purpose block, Nemours, Algeria, 
1934. First appearance of large-scale sun-breakers 
('loggias'). (Courtesy Archives Fondation Le Cor
busier. @ SPADEM, Paris). 

Fig. 13: Salvation Army Shelter building, Paris, 1929-1932. 
Street facade showing the hermetically sealed 
south-facing glass curtain wall. (Courtesy Archives 
Fondation Le Corbusier). 

During the same period (1934-1935), 
serious environmental difficulties developed 
with one of the earlier International Style 
'glass boxes' Le Corbusier had designed, the 
Salvation Army Shelter Building in Paris 
(1929-1932). The ten-story Shelter was con
structed with a very large, hermetically
sealed single-glazed wall facing directly 
south (Fig. 13). The second glass skin (for 
Le Corbusier's 'neutralizing wall') and 
refrigerated cooling coils (for his respiration 
exacte) had not been installed; his clients' 
open distrust of such untried ideas is well
documented in their correspondence with the 
architect. Yet nothing else was modified to 
compensate for these omissions. As built, 
over 10,500 square feet of south-facing 
glazing contained only four small openable 
sections. The building appeared to be an 
environmental success at the time of its 
inauguration in late 1933, a particularly 
cold winter. But during the summer of 1934, 
the sealed south-facing glass wall turned 
the building into an unventilated inferno. 
After a long and bitter legal battle with 
the clients and the Paris building authorities, 
Le Corbusier was officially ordered in March 
1935 to incorporate 41 more openable sections 
into the south facade.* According to one 

*For description of Salvation Army building and its inaugu
ration, see Boesiger, ed., 1935, p. 97-109; for overheating 
problem and the legal dispute, see Le Corbusier, 1947/1964, 
p. 17-20; for official Police Order dated March 14, 1935, 
see Archives Fondation Le Corbusier, Paris; for quote con
cerning invention of brise-soleil, see Banharn, 1969, p. 158. 



writer, Le Corbusier "was driven, shortly after 
[the salvation Army episode] to invent the 
external sunshade or brise-soleil" (Banham, 
1969, p. 158). Despite the appeal that sort 
of chronology may have in explaining the 
invention of the sun-breaker, the actual 
sequence of events was just the other way 
around. Le Corbusier was driven to invent 
the brise-soleil in response to North African 
conditions and precedents, a full year or 
more prior to the discovery of overheating 
problems at the Salvation Army. Would Le 
Corbusier have used sun-breakers on the 
Salvation Army Building if their invention 
had come prior to his start on that project? 
The most likely answer: Probably not. Until 
1939, he seemed to regard brise-soleil as 
applicable exclusively to projects in arid or 
subtropical climates, and not to those in 
'temperate' locations. It does seem safe to 
assume, however, that the Salvation Army 
experience encouraged him in the new direction 
his arid region work had already taken. 

The brise-soleil appeared again in three 
projects designed just prior to the Second 
World War. In these projects Le Corbusier 
seemed to use the sun-breakers as much for 
expressive purposes as for actually controlling 
the sun. In Algiers Law Courts scheme of 
1938, Le Corbusier employed both small-scale 
'honeycomb' grilles and large-scale 'loggias', 
sometimes using both types of brise-soleil on 
the same facade (Boesiger, ed., 1935, p. 106, 
111). This mix was apparently motivated as 
much by plastic as by environmental consider
ations (Fig. 14). Le Corbusier's project for 
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Fig. 14: Project for Law Court building, Algiers, 1938. Per
spective rendering showing large-scale 'loggias' and 
smaller-scdle 'honeycomb' sun-breakers on different 
orientations. (Courtesy Archives Fondation Le Cor
busier. @ SPADEM, Paris). 
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Fig. 15: Project for Biological Station. Roscoff, Brittany, 
1939. Perspective view from the northeast. First 
use of brise-soleil on a temperate cljmate project. 
(Boesiger, ed., 1946, p. 23) (Courtesy Edition~ 
d'Architecture-Artemis Verlag). 
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the Roscoff Biological Station in Brittany 
was the first of his designs in which the 
vertical sun-breakers appear, though used 
inconsistently on north as well as east 
elevations (Boesiger, ed., 1946, p. 22-23) 
(Fig. 15). In addition, this project marks 
Le Corbusier's earliest use of brise-soleil 
on any building designed for a temperate zone 
site. At a time when the Salvation Army 
fiasco was still relatively fresh in his memory, 
it is clear that Le Corbusier had begun to 
realize that techniques originally developed 
for North Africa might also make sense in 
temperate climates. 

The last pre-war use of brise-soleil 
was on a skyscraper office tower project of 
1939 for the Quartier de la Marine in Algiers 
(Fig. 16). Fully air conditioned interiors 
were to be enclosed by an all glass (single) 
skin, which was, in turn, surrounded by an 
extensive concrete brise-soleil on all four 
sides. Once again, Le Corbusier used the 
sun-breakers with little justification from 
the purely environmental standpoint. The 
long sides of the building were to be equipped 

Fig. 16: Project for a sky-scraper office tower, Quartier 
de la Marine, Algiers, 1939. South facade 
(model photo). Utilizing the brise-soleil for 
expressive as well as environmental purposes, 
this scheme represents the culmination of Le CQr
busier's pre-war development of the sun-breaker 
(Courtesy Dokumentation Le Corbusier Stiftung 
Heidi Weber, Zurich). 



with identical sets of brise-soleil despite 
the fact that one side faced north and the 
other south. Two-fifths of the sun-breakers 
were of the loggia type, the balance con
sisting of enlarged variations on the same 
theme which,according to Le Corbusier, 
corresponded to larger administrative offices 
inside (Ibid., p. 48-58,60-65). However 
unresolved as solar protection devices, 
these inflections in the overall pattern 
would have given the vast elevations of 
this large structure a lively, sculptural 
quality while also helping to establish a 
strong visual relationship between the 
building and the duality of its waterfront 
site. In the presentation document prepared 
for the building, Le Corbusier stated that 
" ... the brise-soleil are to be designed in 
exact accordance with the geometry of the 
sun's path as related to the building's 
facades" (Le Corbusier, 1939 [translation 
by author]). No clear evidence has been 
found to show that the design of the sun
breakers on this or any other project of 
the 1930s was actually based on systematic 
techniques. The statement suggests, however, 
something of the architect's apparent need 
to give the brise-soleil greater environmental 
precision and exactitude, a goal which he 
was only to achieve during the post-war 
period. 

Le Corbusier was the first architect of 
the modern movement to systematically attempt 
to develop an energy-efficient approach in 
design. He appears to have been strongly 
influenced in this effort by what he learned 

about the vernacular architecture of North 
Africa. This effort did not always provide 
technically perfected solutions, but it did 
provide this century with the first clear 
architectural statement of those energy
related problems which had been created by 
the modern movement's wholesale rejection of 
the past, and which still confront us with 
increasing seriousness today. 

Le Corbusier's consistent effort to 
develop energy-efficient methods had started 
in 1932-1933 in response to the environmental 
deficiencies of his earlier 'glass boxes'. 
The major result of this effort was the sun
breaker. Along with other energy conservation 
methods he utilized during the same period, 
including more massive walls and earth-covered 
roofs, the sun-breaker had the effect of 
restoring to architecture some of the environ
mental qualities of traditional bearing wall 
construction which it had lost when International 
Style architects had opted for a minimal 
membrane between inside and out. 

The results of this development were not 
buried somewhere deep within a basement machine 
room, but visibly expressed in the architecture 
itself with powerful and poetic clarity. And 
the architectural expression of those teChniques 
became the first of a series of 'invented signs' 
of a second new architectural language, a 
language which found its first applications 
in the same arid region which also saw its birth. 
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Baizeau, L. (1928) [Letter to Le Corbusier 
and Pierre Jeanneret, May 2, 1928.] 
Archives Fondation Le Corbusier, Paris. 
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Fig. 2: Tucson's central business district, as seen from the 
nearby dry Santa Cruz River bed 

1 •• '-

-photo by E. Michael Stanley 



MICROCLIMATES IN DESERT HOUSING 

Introduction 

Microclimate is defined as the climate 
of a small area. Typical examples of micro
climatic conditions involve confined spaces 
such as caves or house interiors. Other 
typical microclimate subjects might involve 
plant communities, wooded areas, or urban 
communities. In all these definitions, con
finement and consistency are characteristic. 

Jeffrey Cook 

In this examination of the microclimates 
in desert housing, it is proposed to consider 
only those aspects of climate impinging on 
the exterior of the housing envelope of a 
typical single family dwelling. One problem 
is that there is no such thing as a typical 
single family desert dwelling, at least in 
the U. S. This situation is compounded in 
that the exterior environs affecting desert 
housing are even less confined or consistent 
than the housing. 

Modern Practice 

In contrast, modern scientific study 
has tended toward monoculture situations 
whether of single biotic species or stylized 
and prototypical physiology. Microclimates 
as prototypical situations have received 
considerable scientific examination in the 

20th century, particularly in economically 
obvious areas such as agriculture. For in
stance, there are researchers concerned with 
the temperature and moisture conditions o.f 
successive cell layers on the leaves of field
grown produce. Such intense studies determine 
the minute aspects of growing conditions in 
fields under cultivation. Information about 
temperature, moisture conditions, and air 
quality have a direct effect on agricultural 
productivity and are particularly important 
in desert farming. The ambient conditions 
for human culture in desert settlements, un
fortunately, is neither so well studied nor 
implemented. 

Arid Settlements 

Historically, successful communities, 
whether biotic or human, have always been 
intimately responsive to their natural environ
ment. This is especially observable in arid 
regions where natural conditions create a 
constant stress for habitability and where 
a change in those conditions often becomes 
the ultimate test of survival. Monocultural 
traits in desert communities can represent 
both the triumph of specialization and the 
thread of fatal single dependence. One human 
example in Arizona is the prehistoric emergence 
of the Hohokam culture two thousand years; ago. 
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Its common agricultural irrigation system of 
a network of canals in the Salt River Valley 
serviced most of the area now covered by metro
polttan Phoenix. Yet the Hohokam settlement 
pattern was dispersed as a series of small 
interrelated but separate villages. With 
a change of climate and the saturation of 
the soil, the Hohokam suddenly disappeared 
within a quarter century (1276-1299). 

Now, white men are attempting the same 
thing on the same spot, indeed, using much 
of the same canal system and again devoted 
to a decentralized settlement pattern. 

In spite of the stressful natural setting, 
the design of modern housing for deserts has 
followed the building design practices char
acteristic of other building types and for 
all climates. In general, the practice has 
been to conceive of the building as a minimum 
performance envelope based on minimum capital 
investment. Satisfactory interior conditions 
have been dependent on applied mechanical 
systems whose continuous intense energy and 
reSOUrce appetites are particularly obvious 
in the demanding conditions of arid climates. 
Thus, the characteristic response of modern 
housing in the desert is to install larger 
sized mechanical equipment for cooling on a 
conventional or even thermally frail house 
design. 

Arid Climates 

The climates of arid regions are by 
definition dry. Lack of moisture and low 

water vapor pressure are usually coupled with 
lack of rainfall. But a more precise defin
ition of aridity also includes a high evapor
ation rate. In particular, the ratio of 
evaporation to precipitation is a key to the 
degree of aridity. Thus, in Arizona with 
annual lake evaporation ranging from 90" 
(225 cm) at the Colorado River on the western 
edge of the.state, to 50" (125 cm) in the 
northwest corner of the state, and with average 
annual precipitation ranging from 4" (10 cm) 
on the desert floor to 20" (50 cm) at the high 
plateaus, there is a high ratio of aridity. 
While these ratios could be related to zones 
of human discomfort, they are also a measure 
by which evaporation could be the key natural 
means of providing more comfortable human 
environments. The thermal tempering abilities 
of landscape materials are generally admitted 
if not always practiced. The opportunities 
for mechanical cooling using evaporative 
techniques is already widely practiced in build
ing design in the southwest. 

Natural Cooling 

Residents of other climates believe that 
natural ventilation with daily thermal manage
ment of openings in building types such as 
housing, can provide natural cooling. Although 
these practices can be effective in producing 
comfortable conditions elsewhere, they are 
only useful during the seasonal transitions 
at the end of desert summers. For instance, 
the average first date in Phoenix of a tempera
ture of 1000F (38oc) or higher is May 16, the 
average last date is September 26. The summer 
between is intense. 



With daily average maximum temperatures 
in July of 105°F (41°C), the actual extreme 
readings run up to 116°F (47°C) in Phoenix. 
During record years, however, the mean maximum 
temperatures throughout June, July, and August 
have averaged about 107°F (42°C). All these 
numbers merely prove scientifically that the 
summer discomfort experienced by residents 
is real. The effect of moving air at these 
temperatures is debilitation and desiccation. 

One other climatic factor in arid regions 
contributes greatly to the issue of comfort. 
Desert areas are distinguished by the quantity 
of thermal radiation. Solar radiation is 
primarily direct; in addition, diffuse radia
tion is also substantial. But at night, re
radiation to outer space, especially with 
clear skies, can provide dramatic ambient 
temperature drops and thus thermal relief. 

Thus each of the components of arid region 
climates offers certain natural possibilities 
for tempering climatic extremes. Although 
environmental designers normally think about 
the interaction of these factors with archi
tectural form, there are many design options 
outside the building envelope. The design 
of the microclimates around desert housing 
is virtually an untouched field in the 
United States. 

Desert Microclimates 

Microclimatic variation can be caused 
by natural conditions such as variation in 
topography or vegetation. Man-made microclimates 

seldom involve topography, except for the 
choices of siting a building at a particular 
elevation, and discretion in the use of a 
bulldozer. Probably the most visible man
made microclimates on earth, however, are in 
desert locations, both in agricultural uses 
and in city building. The biotic transformation 
of dry arid plains to irrigated farmland· 
provides significant microclimatic transforma
tions through the production of useful vegetal 
matter and tempering thermal effects. Consis
tently, agriculture produces lower maximum 
temperatures and higher minimum temperatures. 
Within the Salt River Valley of Phoenix, such 
effects have been measurably documented over 
the past 100 years. 

The source of agricultural thermal effects 
are easily understood. The moist soil itself 
provides a continuous water wick surface which 
is constantly evaporating and thus losing 
latent heat. But the leaves of all vegetation, 
especially irrigated varieties, multiply evap
orative surfaces and add in the heat loss 
process by photosynthesis of cell and fiber 
conversions. During the frost-free growing 
seasons, the largest desert cities of Phoenix 
and Tucso~ have an annual evapotranspiration 
rate of over 40" of water. 

Alternatively, the creation of cities 
produces man-made microclimatic effects that 
differ from farming. The result of urbani
zation is a dust dome, a heat island: tem
peratures are consistently raised. Added heat 
is a product both of human activities and-of 
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Fig. 1; Normal and highest cooling degree days by months and 
year·of occurrence (base 6SOp), Phoenix, Arizona 

thermal interaction with built form. Thus, 
both daily minimum temperatures and maximum 
temperatures are higher than temperatures when 
the land was desert. Conventional desert de
velopment then produces exaggerated conditions. 

With regard to the changing climate of 
desert cities, the past decade has produced 
higher measured temperatures for Phoenix than 
earlier records. Whether this is part of a 
general warming trend, or is the result of 
rapid urbanization may not be important. Com
fort must still be provided. Figure 1, Normal 
and Highest Cooling Degree Days, shows that the 
need for building cooling is setting new records. 

Patchwork Cities 

An examination of typical modern U. S. 
desert cities such as Phoenix or Tucson, 
provides a variegated effect. Visually, one 
can identify a series of patterns each of 
which produces its own distinctive microclimate. 
The generally low density and skip land develop
ment of such desert cities tends to exaggerate 
these microclimatic characteristics. Indeed, 
a thermal transect run through such cities can 
produce a simultaneous temperature variation of 
up to 20"P based simply on the quality of the 
surrounding environment. If such measured 
microclimatic variation could be designed, it 
would have a major effect on the habitability 
of desert regions (Fig. 2, Frontispiece). 

Those totally built areas, distinguished 
by extensive masonry building materials and 
vast paved surfaces, provide the highest tem
peratures, while those irrigated agricultural 
areas provide the most tempered with offsetting 
extremes. In those former agricultural areas 
including irrigated orchards still under cul
tivation, such tempered agricultural micro
climates generally are retained, even when the 
area otherwise has been developed for low 
density uses. Former citrus and date orchards 
like those shown for the Arcadia district in 
Phoenix (Fig. 3) appear to represent the most 
worthwhile conversion of man-made land uses 
in the desert. But subdivision tracts built 
over desert areas with low density and with
out irrigation, such as in Tucson, tend 
toward some slight modification of the climatic 
conditions of the natural desert, even though, 
from an analytical point of view these areas 
are simultaneously the most interesting and the 



Fig. 3; From irrigated orchard to housing subdivision: the 
Arcadia district, Phoenix, Arizona. Note contrast of 
environment to the desert landscaped housing (right) 181 
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most confusing because of the variation in man
made development and thus in the uncertainty of 
microclimatic predictability. The fickle micro
climatic characteristics of such desert develop
ment have yet to be comprehensively surveyed. 
The variability of conditions and results thus 
out-matches the elusiveness of climate itself 
as a moving target of dynamic parameters . 

Trade-Offs 

The noticeable and measurable contrast of 
simultaneous temperatures between irrigated and 
non-irrigated housing subdivisions has led to 
the question of trade-offs between the value of 
the irrigation water vs. alternate resources 
that might be used to provide human comfort. 
Specifically, the price of water used to main
tain a lush, green landscape might be measured 
as a microclimatic advantage against the cost 
of electricity to run refrigerated air-condi
tioning equipment. Thus, adding water to the 
land has some equivalence in the depletion of 
non-renewable resources used to fire electrical 
generation. But in the desert, more often than 
not water is a non-renewable resource. 

A Housing Study 

A study of these parameters was funded 
by the National Science Foundation in 1976 as 
"Microclimate, Architecture, and Landscaping 
in an Arid Region: Phoenix, Arizona" at 
Arizona State University. A conceptualization 
of the problem as studied is outlined in Fig. 4, 
an attempt to quantify the micro-climatic 
variation caused by differences in landscape. 



Site Selection 

The selection of prototypical sites used 
for data collection involved establishment of 
criteria to systemize the study. 'Desert' 
landscaping around a sample, single-family 
house (Fig. 5) was contrasted with an 'irri
gated' landscaped house (Fig. 6). An attempt 
was made to standardize all other criteria to 
minimize variables related to building con
struction, family size and life-style, and 
house orientation. Following a field recon
naissance to identify possible candidates in 
the Tempe-Scottsdale area, the following 
criteria were adopted: 

A. Criteria similar to both sites: 
no swimming pool 
similar structure size, construction, color 
same air conditioning unit and size 
same type energy sources 
close proximity of sites 

B. Criteria for desert site: 
natural desert surface 
numerous low water-consuming plants 
little shade 

C. Criteria for irrigated site: 
grass-covered lawn 
high water-consuming plants 
shade trees 
vines and gardens desirable 

Comparative Data 

Simultaneous, 24-hour site readings at 
comparative locations on a series of typical 
summer days provided a data base. An analysis 
of the various conditions affecting houling 
microclimates and their complex interactions 

FACTORS RELATIVELY CONSTANT 
FOR THE STUDY 

General Climate 

Temporal Meteorological 

Solar Angle Sky Radiant Temperature 
Radius Vector of Sun Dust 

Air Mass Air Temperature 
Wind Flow 
Air Mass Humidity 
Cloud Cover 
Pressure 

Architectural 

Building Orientation 
Building Material Type 
Building Design 
Building Size 

FACTORS WHICH CREATE MICROCLL~TIC 
DIFFERENCES 

Microclimatic Landscape Factors 

Substrate Heat Capacity 
Substrate Diffusivity 
Surface Aerodynamic Roughness 
Albedo 
Soil Moisture Availability 
Shade and Exposure 
Specific Environment Setting 

(e.g •• topography. vegetation. types. etc.) 

Fig. 7: Factors in the initiation of microclimate 

resulted in identifying a series of .measurable 
factors. These were then isolated ei~her in 
the field measurement or in data analyse!:! to 
understand their relative importance. Those 
factors are identified in Figure 7.~ 
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Ground Temperatures 

As expected, the measured insolation 
at various sites was similar, but there were 
measurable if minor differences in solar 
radiation between nearby sites, although 
weather conditions seemed clear. 

On a typical day, sample simultaneous 
ground temperatures at the surface and at 
depths of 4" (10 cm) and 8" (20 cm) at the 
irrigated site, were 78°F (26°C), 60°F (16°C), 
and 75°F (24°C), and at the desert site were 
140°F (60°C), 95°F (35°C), and 95°F (35°C) 
at 11:30 hours. 

Predictably, the ground temperatures 
on the desert site were higher than those 
measured on the irrigated site (Fig. 8). The 
desert exposed surface temperature climaxed 
at 144°F (65°C) from 1400 to 1500 hours. But 
shaded desert surfaces at 108°F maximum 
temperature (42°C), were considerably cooler 
throughout the day. Both exposed and shaded 
surfaces cooled to nearly identical minimum 
temperatures of 67°F (19°C) at 0300 to 0500 
just before sunrise. 

At the irrigated site soil temperatures, 
although lower, were much more complex to 
understand because of the interaction of evap
oration, evapotranspiration, and 'the vari
ability of thermal conductivity due to soil 
moisture. On both sites, the thermal damping 
effects at 4" (10 cm) and 8" (20 cm) of soil 
depth were measured. Generally, shaded soil 
showed little variation over the aay with only 
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a SOp (3°C) di~~erence between maximum and 
minimum temperature even at the modest depths 
measured. Soil temperatures under exposed 
locations, however, showed both higher temper
atures and wider daily swings, ranging from 
highs at 4" (10 cm) depth of 113°P (4S0C) and 
lows of 7SoP (24°C) and at 8" (20 cm) depth 
~rom a high at 108°p (42.S0C) to a low of 
87°P (31°C). 

Obviously, the particulars of ground 
temperatures both at the surface and at various 
depths are an important aspect of microclimatic 
control. Ground temperatures present an im
mediate thermal surface for human comfort as 
well as the largest surface edge to any micro
climate. At various depths the ground repre
sents both a thermal sink for effects at the 
surface, as well as a thermal transfer medium 
for heat conduction to the foundation and below 
grade structures of adjacent buildings. 

Air Temperature 

The most obvious measure of any climate 
is ambient air temperature. It is also the 
most easily obtained information, particularly 
as it relates to the heat transfer character
istics of constructed envelopes. The perform
ance of buildings is dominated by the tempera
ture 6f the adjacent air in combination with 
radiation. 

During a sample clear day, maximum air 
temperatures of l06°P (4l0C) at the desert 
site tended to be as much as 7°P (4°C) higher 
than on the irrigated landscape site. The 

context of these observations was explored 
by using car-mounted thermisters to perform 
a neighborhood thermal transect. Although 
the test sites were approximately 1.5 km 
apart, the two neighborhoods were located 
in very similar temperature environments. 
Thus, any temperature differences were assumed 
to be a function of landscape differences 
rather than neighborhood influences. 

Night Air 

At night, the m~n~mum temperatures did 
not appear to be significantly different at 
the two housing landscapes, the thermal con
trast between sites occurring only during 
the daytime. Theoretically, one might expect 
that the irrigated landscape would not cool 
off as dramatically as the desert site. One 
explanation is that because the irrigated 
landscape did not have a closed vegetative 
canopy, it was relatively exposed to the 
night sky. In addition, the evaporative 
cooling of soil plus the transpiration of 
vegetation probably balanced the radiative 
shielding from landscape materials during 
night time re-radiation. 

Shade and Canopy Cover 

The dramatic effect of shade and canopy 
cover on air temperatures.was verified by a 
series of supplementary studies in the Testing 
Yard of the College of Architecture, Arizona 
State University. This site provided side
by-side conditions of heavily shaded tree 
canopies vs. completely open skylines. The 



shaded condition persistently produced cooler 
daytime and warmer night time temperatures 
than the exposed condition. Typically, in the 
early morning when both conditions received 
direct sun there was little temperature dif
ference. But as the sun rose higher and as 
the shade of the tree canopy took effect, the 
temperature difference widened. 

The net thermal effect of vegetative 
cover thus appears to be the complex result 
of geometry as well as the quality of the 
canopy. A series of sets of measurements on 
a variety of sites confirmed this general 
conclusion. It was repeatedly observed that 
tight vines against an exterior wall as well 
as thick shrubs and bushes against walls 
produced little solar radiation on the building 
surface which resulted in cooler walls in the 
daytime. At night, however, the reverse was 
recorded: landscape-protected walls retained 
their heat and tended not to cool off. In 
desert housing, then, it appears that the 
heavy use of vegetation against exterior walls 
can result in net thermal gains, since heat 
tends to build up diurnally behind landscape 
covers more than in exposed walls. 

Such a finding may not be at variance 
with the popular wisdom and practice in colder 
climates where foundation planting and exten
sive landscaping next to house walls is typical. 
There, it is recommended because of its warming 
potential on the building envelope. Applying 
such rules in desert climates does require 
some prudence. In particular, the density 
and air resistance of landscape materials is 

as important as shading in desert conditions. 
There are even possible selective vegetative 
screens, where ventilated daytime shading 
might be provided by large leaves that would 
fold at night, exposing the wall to sky re
radiation as well as convective cooling. 

Humidity 

On the two comparative house sites, . 
humidity patterns followed expected relation
ships with drier air over the desert land
scape and more moist air over the irrigated 
landscape, particularly during the daytime, 
although advected moisture from other nearby 
irrigated landscapes in many cases raised 
humidity levels over the desert landscape 
to levels equal to and, in a few cases, higher 
than those at the sampled irrigated landscape. 
Thus, 'neighborhood' advection effects appear 
to play an important role in the microclimate 
surrounding individual dwelling units. This 
aspect deserves considerable further study, 
particularly since the size of neighborhoods 
devoted to one landscape treatment could have 
an important effect on individual house per
formance influenced by microclimate. 

It was noted that the control data col
lected at Sky Harbor Airport showed vapor 
pressures considerably lower than the two 
residential sites at virtually all times during 
the day, due perhaps to the more urban and 
drier location of the airport in the valley. 
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on a desert landscaped site vs. an irrigated 
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Wind Flow 

In Phoenix, diurnal air flow has a fairly 
consistent pattern, calm mornings followed 
by increased winds in the afternoon that flow 
up-valley from the west. Then, calm evenings 
are relieved .by nightly down-valley air flow 
from the east. This predictable wind flow 
pattern appeared to exist on days when data 
were collected. 

Generally, the winds were higher on the 
desert landscaped site and more persistent in 
direction (Fig. 9). Even though the irrigated 
site had some nine hours more calm conditions 
than the desert site, winds were higher for a 
short period of time, a reflection perhaps of 
how landscape elements can funnel or baffle 
winds, thus providing higher velocities at 
certain times and calms at others. 

The higher winds at the desert site may 
have caused significant daytime advective 
cooling over the desert landscape from other 
irrigated landscapes nearby. In fact, the 
7°F (4°C) air temperature differences noted 
earlier between desert and irrigated landscapes 
were smaller than expected from the point of 
view of the magnitude of evaporative cooling 
over the irrigated landscape. The key factor 
in local wind speed and direction variations 
is probably landscaping configuration: canopy 
density, bush and tree positions on the land
scape, and height of landscape elements. 
Again, the consistency and size of a neigh
borhood of one landscape type also appears to 
be significant. 



Energy Balance Simulation 

Another aspect of this microclimate study 
was to determine the transfers of available 
energy received by the sites during a diurnal 
period. Is the energy being consumed in 
heating the soil? Is it being lost through 
evaporation of soil moisture? While types 
of questions were impossible to answer through 
data collection because of instrumentation 
limitations, etc., insights into the energy 
budget of the residences were made through 
the use of a Surface Climate Simulator com
puter model (Myrup, 1969; Outcalt, 1972). 

Because the energy budget simulation 
model has the ability to estimate the energy 
budget terms and the surface temperature for 
the entire landscape itself, values are in
tegrated to show the balance between the 
entire dwelling unit and its surrounding 
microclimate. 

The simulation model generated tables of 
data on shortwave radiation, the energy budget, 
and soil temperatures at different depths as 
an expression of energy fluxes. Since this 
model has been verified elsewhere, the gen
erated values were assumed to be relatively 
accurate. Many of the inputs such as latitude, 
solar declination, and pressure were identical 
for the two sites because of the proximity 
of the sites to each other. 

Because these necessary elements were 
identical, there was no difference shown for 
the shortwave radiation incident to the sites, 
but the amount of radiation absorbed by the 

sites were very different because of different 
shadow ratios used in the calculations. It 
was noted that the irrigated site had 51 lang
leys per day less solar radiation absorbed 
because of landscape configuration. 

There were striking differences in the 
radiation budget between the two sites, ones 
which might be expected in a desert regicn. 
The net radiation at the desert site was .much 
smaller for the day than the irrigated site 
(258 langleys compared to 589 langleys). The 
radiation values fluctuated widely during 
the day for the desert site, ranging from 
0.799 langleys/min. to -0.201 langleys/min., 
while the values at the irrigated site fluc
tuated less and were always positive. This 
was due to the higher mean surface temperature 
which generated greater surface re-radiation 
(longwave) and the lack of canopy cover at the 
shadow ratio. 

Another striking difference between the 
energy budgets of the two sites was the amounts 
of energy involved in the convective heat trans
fer and latent heat transfer processes. As 
expected at the desert site, the amount of 
convective heat energy was greater due to the 
higher surface temperature. At the irrigated 
site, the energy lost through latent heat 
transfer (evaporation) was 608 lys/day as 
compared to 21 lys/day for the desert. Again, 
this was to be expected since the amount of 
soil moisture (soil wet fraction) was much 
greater at the irrigated site: 0.90 compared 
to 0.01. Although the results were not sur
prising, the numbers indicate actual magn~tudes 
involved. 
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Simulation Correlation 

The simulation model projected a land
scape temperature difference on the average 
of 11.90 C. This correlated with observed 
differences in general. Recalling that the 
simulation model estimated the interface 
surface temperature, it was not surprising 
that the air temperature differences which 
were observed to be 70 F (4oc) , were smaller 
than the simulated temperature differences. 
The model simulated the temperature differ
encein the direction expected and actually 
observed. With this in mind, the energy 
fluxes which were calculated were assumed 
to be relatively accurate. One important 
energy flux that relates significantly to 
landscape differences is the latent heat 
flux. Over the irrigated site on a clear 
day, 1.04 cms of evaporation was predicted. 
Observed pan evaporation for June was about 
11.5 inches, or 0.97 cms/day, were close to 
the simulated quantity. 

Observations 

Among the measured microclimatic phenomena 
that were at first unexpected was the perform
ance of west walls as related to carports. 
One o'f the few local builder traditions is 
the placement of the carports on the west 
side of houses. Presumably, they could shade 
the house wall during the hottest time of the 
day, late afternoon. Surprisingly, the meas
ured temperatures on the west wall of the 
irrigated house were significantly higher 
than expected. In fact, their magnitude made 

a considerable contribution to the heat load 
of the house. This anomaly was confirmed by 
comparison with the other house which had an 
east side carport. It was quickly realized 
that this particular carport was largely 
enclosed but was not insulated. Thus, the 
carport became a kind of unventilated heat 
trap. In this particular case, the house would 
have had a smaller net summer heat gain without 
a carport on the west. The general observation 
is that carports and other architectural can
opies such as shades attached to the sides of 
desert housing need to be open and self-ven
tilating. 

Comparative Heat Stress 

A study based on a few samples only can 
hardly produce definitive conclusions. Yet 
it can indicate the sensitivity of parameters, 
a workable methodology and subjects worthy of 
further study. In this case, the synthetic 
calculations of heat gain indicated that the 
house on the irrigated site would have a'24 
percent smaller mechanical cooling load than 
the desert house. More than half of this 
benefit can be attributed to lower radiant 
wall temperatures, primarily an impact of the 
irrigated landscape microclimate. All walls 
of the irrigated house except for the carport 
wall anomaly were cooler than the desert house 
walls regardless of exposure. 

Electrical Consumption and Water Use 

Part of the intent of this study was to 
examine the trade-offs between the cost of 



electricity as a product of a non-renewable 
resource and water, a precious commodity in 
the desert. For the period studied, the 
desert landscaped house consumed 33 percent 
more energy than the irrigated house (1152 
kwh vs 768 kwh). This comes surprisingly 
close to the calculated difference. In econ
omic terms, the cost of the water (at 1976 
rates) would partially close the gap between 
the two houses to a difference of approxi
mately 5 percent summer month. As the cost 
or scarcity of water increases, the apparent 
advantage of irrigated house sites may be 
totally lost. 

Conclusion 

Although there is a direct and measurable 
correlation between thermal stress and energy 
cost, the comparative prices that societies 
place on water vs. electricity can easily 
establish the preferable priorities. The 
conceptual issue of irrigated vs. desert 
landscapes thus is a revelation of the value 
system of the community. Although the trans
formation of agricultural land to residential 
uses is the only clear source of microclimate 
design in the southwest, it represents a con
cept of demonstrable impact. Changing the 
context from single isolated, one-family houses 
to a more compact housing form would dramat
ically alter this energy context by reducing 
thermal stress architecturally, and the micro
climatic advantages of adjacent landscaping 
could thereby have proportionally a larger 
impact. 

Housing microclimates in arid regions 
are ready for studies to develop a series of 
applicable principles. The potential strategy 
of lush vegetation within contained spaces 
would undoubtedly hold some of its microcli
matic advantage close to buildings and keep 
naturally conditioned air from drifting away. 
More difficult is the provision of shading 
and shielding to minimize insolation. Simul
taneously nocturnal reradiation needs to be 
maximized by avoiding canopies and encouraging 
convective ventilation. These seemingly con
flicting approaches need scientific quanti
fication that is statistically useful. But 
they also require the realization of gifted 
artistic concepts before they will become 
convincing practice in the design of housing 
for the arid southwest. 
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ARIDITY AND STRUCTURE: ADAPTATIONS OF INDIGENOUS HOUSING IN CENTRAL IRAN 

Michael E. Bonine 

Introduction 

Shared indigenous technologies would 
appear to be a promising opportunity for 
Third World countries to create a framework 
within which solutions to problems held in 
common could be reviewed, adapted, imple
mented. Vernacular housing represents an 
intricate interrelationship with" the environ
ment and indigenous building technologies 
offer such a framework (Afshar, et al., 
1977-78). Particularly in the arid world 
the more harsh"the environment often the 
more imaginative the adaptations. In some 
areas of the Middle East housing and settle
ment systems have evolved over thousands of 
years, and the buildings are extremely well 
adapted to the specific climatic conditions 
of local areas. The use of regional mate
rials and the specialized skills of local 
craftsmen passed from generation to generation 
provide us with examples of successful adap
tations which could become the basis for 
technology transfer of the most significant 
nature. 

But environmental conditions and avail
ability of local materials are not the only 
factors influencing the design and form of 
vernacular housing. Settlement patterns 
and housing also are a reflection of the 

cultural values of a society. Traditional 
building structures denoting the lifesty~e 
and preferences of a people express value,s 
which, until recently, have changed only 
slowly through the centuries (Rapoport, 1969). 

This essay provides an examination of 
vernacular housing in an extremely arid 
environment in an area of traditional Iranian 
culture. The focus is on central Iran where 
settlement and human survival are difficult, 
made possible in the past only by intricate 
irrigation systems of underground conduits, 
qanats, which tunnel horizontally into an 
alluvial fan to tap the groundwater (English, 
1968; Wulff, 1968; Beaumont, 1971). Within 
the cultural framework the indigenous housing 
shows ingenious adaptations that permit the 
inhabitants to achieve comfort in this harsh 
environmen t. 

Courtyard Houses 

The basic plan of the central Iranian 
house is an open, orthogonal courtyard (heyyat 
or rukhane) with rooms around two or more of 
the sides (Fig. 1). Some type of open court
yard house is found throughout most of the 
Middle East and the Mediterranean region, 
except in colder mountainous areas or in 
wetter climates such as along the Caspiarl and 
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Fig. 1: An open courtyard house in Yazd 

Fig. 2: Using the roof of a courtyard house 
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Black Sea -~ and the basic plan has been in 
the region for many millennia (Badawy, 1966). 
In central Iran major rooms focus onto the 
courtyard and entry to them is from that open 
space. Some groups of adjoining rooms do have 
access to one another, although the courtyard 
must be crossed to go from one part of the 
house to another. On the side of the court
yard is a large, open archway or iwan (tallar). 
Smaller houses often have rooms on the side 
opposite the iwan and on one additional side, 
while larger houses have rooms all around the 
courtyard. within the courtyard of larger 
homes is found a pool (houz), often with a 
fountain. Numerous trees, shrubs and flowers 
surround the pool and comprise a small 'garden' 
(baghcheh or godal). This not only provides 
a beautiful setting within the courtyard but 
also furnishes some shade and increases the 
relative humidity of the courtyard space 
(Sackville-West, 1953; Wilber, 1962; Pope and 
Ackerman, 1967). 

Even without modern, mechanical heating 
and cooling systems, the courtyard house 
provides a comfortable living environment 
through seasonal usage of sections of the 
structure, a practice well recognized: areas 
where the sun predominates are called aftabru, 
those which remain permanently in the shade 
are referred to as the neser. Because the 
open iwan, used in summer, is located on the 
side with maximum shade, it is on the side 
which faces toward the north within the court
yard. In winter, rooms of the side(s) which 
face south within the courtyard are used 
because of the greater exposure to sunshine. 



Generally, the greater the height of a house 
the larger the courtyard, with two-story 
houses having the largest courtyards to en
sure that the winter sunshine will reach the 
appropriate rooms. 

The roof, too, is an integral part of 
the seasonal usage of this traditional house 
with its inhabitants sleeping on the roof 
during the warm nights of summer (Fig. 2). 
In addition to taking advantage of the 
slightly cooler breezes there" they are 
farther away from the walls of the house 
which continue to irradiate heat from the 
day's exposure. Besides using the roof for 
sleeping, Iranians turn the- roof space to 
good account as a place for socializing in 
the late evenings when the days are not too 
hot, an important cultural practice found in 
many areas of the Middle East (e.g., Fernea, 
1975). A small parapet wall, slightly higher 
than standing eye-level, surrounds the edge 
of the roof, not only to insure privacy but 
also for protecting the area from excessive 
dust and wind. 

During the hottest part of the summer, 
the shaded iwan is used only until early 
afternoon, when the inhabitants retreat to a 
cool subterranean basement room (zirzamin), 
usually located beneath the iwan.Because 
the floor of the iwan is built approximately 
a meter above the level of the courtyard, a 
clerestory is created for the lower room, 
called the zirzamin-e tallar, with the result 
that it is naturally lit and ventilated. 
Large houses of the wealthy often have sub-

terranean rooms on all sides of the courtyard 
as well, although many of these rooms are used 
for storage (and called zirzamin-e ambarok) . 
The basement below the iwan still is the main 
area where the inhabitants spend the hottest 
part of summer days. 

The courtyard design with its internal 
orientation also contributes to acoustical 
privacy by keeping out much of the street 
noise. This attribute is facilitated by the 
very thick mud brick walls, averaging almost 
a meter in thickness. Such walls have good 
thermal characteristics as well, keeping out 
the heat until later in the day, a property 
that offers daytime protection from the heat 
in summer and, because of the slow heat re
lease at night, comfort in winter as well. 
The daily and seasonal use of the house and 
its roof thus enables its occupants to take 
advantage of the thermal properties. 

Characteristics of mud bricks are well 
documented (Clough, 1950; Boudreau, 1971; 
O'Connor, 1973), and these sundried or adobe 
bricks have been used in the Middle East since 
at least the fourth millennium B.C. (Wulff, 
1966, p. 103). Present-day adobe bricks in 
Iran measure about 8 x 8 x 1 inches: made 
from loam to which water has been added, after 
which it is treaded with a handful of straw, 
and made into a brick in a wooden mold (Fig. 3). 
The strength of adobe lies in its ability to 
withstand compressive stresses in contrast to 
tensile stresses or bending. Using the 
structural properties of adobe, certain a!chi
tectural features such as the dome have been 
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Fig. 3: Adobe bricks being made in central Iran 

i 

Fig. 4: An alternative to the common courtyard house in Yazd 
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developed to an exact art (Smith, 1950), 
even for vernacular houses. Mud brick does 
deteriorate rapidly, however, and must be 
kept in constant repair. Not only are more 
important buildings, such as mosques, shrines, 
palaces, bazaars, and caravanserais usually 
built of the more durable fired brick, but 
even traditional houses of the wealthy are 
sometimes made partly of the fired brick and 
often surfaced with such material. 

In central Iran an alternative to the 
open iwan and underground rooms, albeit a less 
common house plan, can be found. The ground 
floor is only a semi-courtyard in the center 
of which is an open space for a lower level of 
rooms and a courtyard beneath the ground floor 
(Fig. 4). This space may be covered with 
lattices and vines at the ground level, devices 
which add to the cooling and comfort of the 
bottom level. A regular courtyard is found at 
this lower level as well, with a pond and 
trees to make the area and the rooms around it 
useful for summer occupancy. In the winter the 
lower level rooms are too cold for occupancy 
and so the upper level is used. 

Windows are eliminated altogether from 
the outside walls of houses in central Iran, 
with high barren walls defining the public 
space of the alleyways. Lack of windows to 
the outside lessens the amount of dust and 
dirt entering the living space, an important 
consideration in arid regions prone to dust 
storms and wind. This explanation for window
less outside walls may not be entirely environ
mental, however, since the importance of privacy 



for the Muslim family, particularly the 
concept of the sheltered Islamic woman in 
this culture, is also a strong factor. 

It should be pointed out, on the other 
hand, that windows in outer walls of houses 
are actually found in some areas of the Middle 
East, even though they are usually small, 
barred, or at extreme heights. The wooden 
latticed mashrabiyah of Cairo are some of the 
best examples of elaborate windows (Briggs, 
1974, p. 145-164, 203-219). Windowless, 
walled houses are found in pre-Islamic periods, 
nevertheless, and so the thesis that sheltering 
women as an Islamic ideal leads to such struc
tures, probably is not entirely correct (Wirth, 
1975, p. 77). The windowless walls and the 
courtyard structure itself appear to be a 
rational Middle Eastern architectural ideal 
in this arid environment. 

Compact Settlements and Housing Orientation 

Settlements in central Iran, similar to 
the rest of the Middle East, are comprised 
of compact clusters of contiguous houses, 
presenting the appearance of a dense mass of 
cells and passageways (Fig. 5). The compact
ness creates a high population density, organ
ized around travel by foot. The density also 
means that houses have numerous common walls, 
an arrangement which reduces the total exposed 
surface area and hence the total solar energy 
received by each house. In this region of 
intensive sunshine, reducing the perimeter 
exposed to the sun is critical. 

Fig. 5: The compact mass of courtyard houses in a section of 
the old city of Yazd. The dark shadows are the alley
ways and open courtyards. 
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Fig. 6: Narrow lanes shaded by the walls of houses 

An elaborate and intricate network of 
alleyways connects such contiguous houses; 
types of lanes include cul-de-sacs, winding 
paths, underground passages, and tunnels 
which may pass beneath part of a house. The 
lanes are narrow, and are shaded by the high 
walls of the houses on either side (Fig. 6). 

This arrangement is perhaps cold in the,winter, 
but provides comfort during the longer and 
more extreme summer season. The restricted 
width also furnishes greater protection from 
wind and dust than broader streets. The normal 
pattern is that one side of the house faces 
onto an alleyway and that three sides are 
joined to oth~r houses. Since some houses are 
surrounded on all four sides, however, the 
structures are obviously being reached by 
tunnels or by private internal passageways 
branching from a foyer or corridor common to 
several houses. 

Such compact housing is conducive to 
social interaction and family relations, and 
occupants of adjacent and nearby homes often 
were relatives in pre-modern Iranian society. 
Wealthier families often built passageways 
between houses of relatives. Sometimes a 
small courtyard house was built next to the 
main house for a daughter or son and spouse. 
A common pattern was to assign the main 
courtyard to the women (the anderuni or 
had-e bozorg) , and another smaller courtyard 
to the males and their guests (the biruni 
or had-e kochek). While there were separate 
entrances to the two areas, rooms between 
were accessible to both courtyards, thus 
affording protection to these Muslim women 
from the eyes of strangers and other male 
visitors, as well as giving them an area of 
their own. In houses with more than one 
entrance, the 'back' entrance often was used 
by women and servants. Most houses had only 
one entrance, and a guest room (otaq-e meh
mankhane) off the entranceway or foyer served 



to separate physically and psychologically 
the area used by visitors and strangers 
from the private space of the family. 

Since the central Iranian house is 
always rectangular or square in plan, the 
open iwan used in the summer is located on 
the side closest to the south (facing toward 
the north in the courtyard). In some cities 
the housing does tend to conform to cardinal 
directions, but the orientation of houses in 
Iranian settlements is not due principally 
to climatic factors. The exact direction 
of the courtyards is based on an orthogonal 
network of lanes and water channels that 
have been laid out in the direction of 
greatest slope to irrigate cultivated fields 
and orchards. Passageways, including cul
de-sacs, exist beside the irrigation channels 
to divert water as well as to provide access 
to walled fields and orchards. A settlement 
typically grows by houses expanding into and 
filling in the existing system of lanes and 
fields, although a few new cul-de-sacs might 
be created to reach the resulting compact 
assemblage of houses (Bonine, 1979). 

Hence, slope characteristics and the 
resultant field and street patterns determine 
the arrangement of the courtyard houses in 
those cities where they are positioned in 
cardinal directions. Tehran's traditional 
housing, for instance, is oriented north 
and south, not because of the desire to take 
advantage of breezes from the north (Planhol, 
1968), but because the irrigation channels 
flow south from the Alborz Mountains to the 
city, and the streets and field patterns 
follow the same axis. 

Passive Cooling Systems 

The open courtyard and the seasonal 
usage of the house are most effective in 
the arid climate of central Iran. Specific 
structures, however, also have been developed 
to make habitation more comfortable. These 
aids to 'passive' cooling systems include 
domes, vaults, air vents, and windtowers • 
(Bahadori, 1978). 

In areas outside the arid central plateau 
roofs of Iranian houses often are entirely 
flat, made of boards or braided reed mats 
covered with a mixture of mud, straw and lime 
(Wulff, 1966, p. 114). On the other hand, 
within the central plateau vaulting usually 
is used for part of the roof; in fact, this 
structural innovation may have developed first 
in Iran (Ibid., p. 105). Curved roofs may 
have developed, partly, due to a shortage of 
timber, but there are a number of advantages 
of a curved roof over a flat one. Structurally, 
it is stronger than a flat roof and can be 
made entirely of adobe bricks. But, more 
importantly for the hot climate of the arid 
plateau, curved roofs transfer heat more 
efficiently and hence are more easily cooled. 
Hot air rises within the domes or vaults and 
heat transfer from the roof/ceiling to the room 
is minimized because the hot air is kept near 
the roof. Although a curved roof absorbs 
about the same amount of the sun's energy as 
a flat roof there is a greater convectional 
heat loss in the former due to the movement 
of air across the roof (Bahadori, 1978, p. 150). 

Domes are used over square rooms and 
found in areas where the wind comes from 
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Fig. 7: Domes in a section of the Yazd bazaar 

Fig. 8 : Air vents and cap in the Yazd bazaar 
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several directions (Fig. 7). In some regions 
as in eastern Iran and western Afghanistan, 
the wind blows in a rather constant direction 
for much of the year. In these areas the 
most common roof structure is the barrel 
vault, cylindrical roofs spanning a rectan
gular room. These are oriented at right 
angles to the main wind direction, and so 
heat loss by convection across the roof is 
maximized. 

Air vents are used in conjunction with 
the curved roofs for an even more efficient 
cooling system. The vents are made in a 
small cap at the top of the dome or vaults 
(Fig. 8). As explained by Bahadori (Ibid., 
p. 150), air which flows over a curved roof 
increases in velocity and therefore the 
pressure decreases at the top where the cap 
and air vents are located. The decrease in 
pressure causes the air inside to flow up 
to the vents, drawing air out of the dome. 
In areas which have the barrel vault, the 
vents also are oriented toward the constant 
wind direction. In the winter the vents may 
be closed up to preserve any warm air and 
prevent cold downdrafts, although the seasonal 
usage of the house includes moving in winter 
into rooms which do not have these vents. 

The most unusual passive cooling struc
ture is perhaps the windtower (badgir) (Fig. 9). 
This is simply a tall chimney which has vents 
to take in the air and transport it down into 
one or more rooms of the house. It is found 
on houses especially in central and eastern 
Iran, although it does occur in Afghanistan, 
Iraq, and in some of the Arab Shiekhdoms of 
the Persian Gulf area. In Dubai, for instance, 



in the old Bastakia quarter, numerous wind
towers still exist, built by Persians who 
emigrated from Iran within the last several 
hundred years (Coles and Jackson, 1975). In 
Yazd, located in the center of the Iranian 
central plateau, at least 4,000 of these 
towers were in the city (Ms. Susan Ross, 
Personal Communication), although many have 
been torn down recently as modern houses 
replace the traditional structures. 

There are two basic variations of the 
windtower, depending on the consistency of 
the wind direction. If the wind is variable, 
the windtowers are open on all sides. If 
there is a predominant wind, as in the Iran
Afghanistan border region, the windtowers are 
open only to the one direction. In Iraq the 
towers are oriented toward the prevailing 
northwest wind, while in Yazd, on the other 
hand, the winds are more variable and the 
windtowers are open on all four sides. 

A.ir is b:r;ought from the tower into the 
open iwan or into a separate 'windtower room' 
(otag-e badgir) near the iwan. The air seldom 
is funneled into the underground room because 
that area stays so cool that the air from 
the windtower would be adding warmer air. 
Shutters may be used where the air enters the 
room (at the zir-e badgir) to close off the 
flow temporarily, while in the wihter the 
vents in the tower are closed up. Some towers 
have screens over the vents to keep out the 
birds and insects, and even dust is minimized 
by providing small ledges within sections of 
the tower for the dust to settle as the air 
velocity reduces. Fig. 9: A large windtower of a wealthy house in Yazd. This 

unusual windtower has two levels to catch breezes. 
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Bahadori (1978, p. 144-150), once again, 
offe~s a technical explanation for the opera
tion of a windtower. Although it can function 
in several ways depending upon the specific 
construction, basically the tower works by 
(a) catching prevailing breezes, and (b) tem
perature differentials. In the first instance, 
wind blowing into the vents is forced down the 
tower, and the air is slightly cooled by being 
in contact with the walls of the structure 
(resulting from the cooling of the tower at 
night). Even if there is no wind, air descends 
down the windtower in the early part of the day 
as the warmer air comes in contact with the 
tower, becomes cooler and denser, and flows 
down the tower. This process works only until 
the tower warms up to or becomes greater than 
the temperature of the surrounding air; if 
there is no wind, a reverse or upward flow is 
then created. In summer such a flow continues 
from the afternoon until the early evening, 
until the tower's heat has been dissipated. 

An added feature of some wind towers is an 
energy-less evaporative cooling system. The 
air is channeled from the tower over an under
ground pool or, as in Iraq, over water jugs 
placed where the air flows into the room 
(Al-Azzawi, 1969, p. 94). In these systems 
water. evaporates into the air, increasing the 
humidity of the extremely arid air, and cools 
at the same time. The principle is similar 
to modern evaporative coolers in use in the 
American Southwest. 

Extensions of the Traditional Iranian House 

The traditional Iranian house did not 
have many of the amenities which are taken 
for granted in modern Western houses. 
Wealthier houses did have their own draw 
wells which ~ither tapped the water table or 
one of the subterranean qanats which flowed 
beneath the settlement. Such houses often 
had a small room and pond five to ten meters 
below the level of the house, a space which 
was cool even in the summer and used as a 
refrigerator to store fruits and other perish
able foods. 

Poorer households, on the other hand, 
had to obtain their water from public wells 
or cisterns. Wate~was obtained from community 
wells or, in villages, from the open irrigation 
channel which runs through the settlement to 
the cultivated fields downslope from the village. 
The onerous task of fetching water from outside 
the house actually provided an excuse and oppor
tunity for women to leave their houses, the 
community water source becoming an arena for 
social contact between these Iranian women. 

Within the towns and cities of the central 
plateau, common houses did not have access to 
the irrigation channels; rather, a cistern 
(abambar) had to be used. These facilities 
for water storage are reservoirs 10-20 meters 
deep which hold up to several thousand cubic 
meters of water. Steps lead down to a faucet 



at the bottom level, and collected water has 
to be carried back up the flight of stairs. 
In the Yazd region the abambar has a domed 
roof with two or four windtowers (Fig. 10). 
The water is kept cool in the summer not only 
by the insulating properties of the ground 
but also because the draft set up by the 
windtowers facilitates the evaporation of 
surface water -- which prevents the deeper 
water from being warmed (Beazley, 1977, 
p. 97-99; Bahadori, 1978, p. 150-152). The 
cisterns are filled in the winter when the 
qanat water is extremely cold and when 
water is not critical for irrigating crops 
and orchards. 

The lack of refrigeration in the tradi
tional home was partly compensated for by daily 
trips to the marketplace (bazaar). Small 
neighborhood markets (bazaarcheh) provided 
most of the daily necessities, while the main 
bazaar was used both for these items and for 
the less frequent and more expensive purchases. 
The local bazaarcheh usually contained shops 
such as a butcher, vegetable seller, small 
dry-goods grocer, baker (for unleavened bread) , 
and less commonly, for other services and trades 
ranging from a barber to small repair shops. 
Even though households in villages usually 
bake their own bread, in the cities bread is 
obtained from bakeries and so these shops can 
be found even as separate establishments located 
back in the alleyways of a neighborhood. The 
Iranian woman spends much of the day preparing 
meals and the lack of refrigeration in the 
house, as in other developing societies, 
means that daily trips have to be made to 

Fig . 10: A water c i stern in Yazd 

Fig. 11: An ice house in central Iran 
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purchase many of the foods (although refrig
erators now are common among the middle and 
upper classes). 

Despite the lack of refrigeration in the 
past, ice was available almost year round to 
the Iranian city dweller because of an ingen
ious traditional icemaking system. This pro
cess consisted of an ice house (yakhchal), 
a large domed storage pit 10-15 meters deep 
(Fig. 11), and an adobe wall several hundred 
meters long which ran in an east-west direction. 
A shallow pond was on the shadow (north) side 
of the 6- or 7-meter high wall. Water was 
put into the pond before freezing or near
freezing nights and the next day the ice 
which formed was cut out, put into the pit, 
and covered with straw. On cloudless nights 
the heat loss by radiation often was suf
ficient to freeze the water even when the 
air temperature had not quite reached freezing 
(Beazley, 1977, p. 90-93; Bahadori, 1978, 
p. 152-154). This traditional icemaking 
system was efficient enough to provide ice 
through the spring and much of the summer, 
emphasizing the sophistication of the indige
nous building technology in this arid environ
ment. 

Qther important functions not found in 
houses included the mosque (mas jed) and public 
bath (hammam). Most Iranians are quite 
religious and so local neighborhood mosques, 
as well as the larger mosques which serve the 
entire city, are visited frequently. Although 
the Muslim inhabitants frequently do recite 
their required prayers within their houses, 

there usually are no specific religious struc
tures within the homes as can be found in 
some other cultures. On the other hand, some 
of the largest Iranian houses, such as the 
Qavam house in Shiraz, did have a separate 
prayer room (William R. Royce, Personal 
Communication) . 

The complexity of the Iranian public 
bath with the need for heating large pools 
of water (Pope, 1967, vol. 3, p. 1218-1219) 
meant that, before modern piped water, it was 
not feasible for even most wealthy homes to 
have their own baths. Houses of local notables 
in some rare instances even had a secret 
underground passageway from the house to the 
women's public bath. The desire to shelter 
the women of the elite, in combination with 
the Islamic prescription for ablutions follow
ing coition, were responsible for such an 
elaborate system. 

A Traditional Wealthy Yazdi House 

An examination of a typical, but wealthy, 
traditional house from the city of Yazd 
provides an illustration of the adaptations 
and structures previously discussed. His
torically Yazd was one of the important 
cities of Iran and had, for instance, an 
estimated population .of 70-80 thousand inhab
itants at the end of the 19th Century (Curzon, 
1966, vol. 2, p. 240). During the early 19th 
Century the most prestigious neighborhood was 
the Gazorgah quarter, an area south of the 
older part of the city and where many of the 
merchants, traders, and other wealthy persons 



lived. Within this quarter the Gazorgah house 
was built in the early 19th Century by a 
famous Yazdi architect and builder, Hajji 
Sayyid Hassan. * 

This impressive Yazdi house originally 
was composed of two courtyards. The larger 
courtyard was the 'inner' courtyard or the 
anderuni (Figs. 12 and 13), while a smaller 
'outer' courtyard was the biruni. The anderuni 
is 18 meters wide and 22 meters long, and was 
the main focus for the women and family. The 
smaller biruni was reserved for male guests. 
Between the two courtyards is a large room 
called the ataq-e daru (double-faced room) 
accessible to both courtyards. Although this 
room provides a means to move easily between 
the anderuni and biruni, visually and psycho
logically the two courtyards are separated. 

The walls of the Gazorgah house average 
about 84 centimeters in thickness, providing 
plenty of protection against noise as well as 
furnishing important insulating and thermal 
characteristics. Fired brick is used for the 
surface of the roof and the courtyard, as well 
as for steps and the meter-high wainscot around 
the courtyard. The adobe walls throughout the 
inside of the house are plastered, although 
much of this is now showing signs of deteri-

*The house is called only the Gazorgah house in this article 
to protect the identity of the present occupants. The 
house is in somewhat disrepair, making an exact reconstruc
tion of some rooms and their use difficult. A man in his 
eighties and his elderly woman servant are the only permanent 
occupants today and they use very little of the house. The 
house was surveyed in the summer of 1977. 

Fig. 12: The anderuni courtyard of the Gazorgah house 

oration. There are three levels to the house: 
the main courtyard level (which is actually a 
meter above the courtyard floor, at the level 
of the top of the wainscot); an upstairs or 
second-story level (balakhane, 'upper house' ) ; 
and an underground or lower level (zirzamin). 
Many of the larger rooms at the courtyard ~ 

level are two-story spaces with high vaulted 
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Fig. 13: Plan and Section 
of the Gazorgah house 
(only the house of the 
anderuni courtyard shown 
in detail). See opposite 
for code. 
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Fig. 14: The windtower room of the Gazorgah house. Note the 
twelve openings from the windtower. 

Fig. 15: The main underground room beneath the iwan of the 
Gazorgah house. Light is coming from the clere
stories on the upper left 

ceilings. These special rooms are located 
in the center of each side of the courtyard. 
The upper floors on each of the sides are not 
connected and must be reached by stairs from 
each particular side. 

The long axis of the courtyards in this 
section of the city are oriented in a north
east-southwest direction, which means the 
open iwans are located on the short axis of 
the southwest side, facing northeast within 
the courtyard. The iwan of the Gazorgah 
house is about 6.5 meters high, 5.5 meters 
wide at the courtyard, and is almost 10 meters 
from front to back. This side of the house 
also has a high windtower, standing about 10 
meters above the level of the roof (Fig. 9). 
This windtower is most unusual, for it has an 
upper and a lower level for catching breezes. 
Air is directed not to the iwan, but to an 
adjoining windtower room (otaq-e badgir) . 
Twelve openings bring air from the windtower 
into this room (Fig. 14). 

Directly across the courtyard from the 
iwan is the sunroom (aftabru). It is a winter 
roomj it faces the southwest and has a fire
place. Since the house is not oriented in a 
cardinal direction, in actuality, two sides 
are receiving considerable shade in summer 
and the two other sides getting most of the 
sunshine in winter. Hence, the otaq-e daru 
also was used as a summer room (for the 
anderuni courtyard), while on the opposite 
side of the large courtyard is another winter 
room with a fireplace. 



Beneath the iwan and the windtower room 
is the main zirzamin, which is about three 
meters below the level of the courtyard and 
hence four meters below the floor level of the 
iwan. Open clerestories in the zirzamin allow 
for natural light and ventilation (Fig. 15). 
Similar underground rooms also occur beneath 
the rest of the house, although some of these 
rooms are not as deep as the main basement, 
and many are used for storage. 

The large Gazorgah house had its own well 
in a separate room which was called the well 
house (chahkhane). Water was drawn up by a 
large windlass which had a built-in seat for 
the boy who operated the structure. The well 
house is located in the second-story next to 
the otaq-e doru, although the windlass has not 
been used for several decades and the present 
inhabitants have piped water from the munici
pality. 

On the same side of the house as the well 
is located an underground room and pool which 
is used for refrigeration of perishable foods. 
Steps lead down a narrow tunnel to the room 
itself, 6.5 meters below the level of the 
courtyard (Fig. 16). Water for this pool is 
somehow connected with the same source as the 
well, but the exact mechanism for filling the 
pool could not be determined. 

Both the anderuni and biruni courtyards 
of the Gazorgah house have separate entrances 
from the alleyways. In addition, there is a 
back door to the main courtyard which comes 
into the upstairs level because that alleyway 

Fig. 16: The underground pool and refrigeration room of the 
Gazorgah house 

is at a much higher elevation. The main 
entrance to the house is into an eight-sided 
foyer (hashti or doll un) . Direct view into 
the house is blocked because the corridor is 
offset, and even when one rounds the first 
corner only a blank wall can be seen. Also 
leading from the foyer are steps to the upstairs 
room next to the iwan (Fig. 17) .• In former days 
a servant occupied this room, and he was readily 
available to answer the door and act as a 
watchman for the household. 
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Fig. 17: The foyer of the Gazorgah house. Left entrance goes 
to another house (E), center entrance to the main 
house, and the stairs to the upstairs room over the 
iwan 

N 

I 
Fig. 18: Plan of courtyards and main inteico~nections with 

the Gazorgah house (see text for house identifica
tions. 

An additional passageway from the foyer 
leads to ,an adjoining house. There is, in 
fact, a complex network of passageways and 
doors between all the houses surrounding the 
Gazorgah house (Fig. 18). The anderuni (A) 
and biruni (B) of the house also were connec
ted by a passage leading through the large 
kitchen. Courtyard C is a small house built 
at a later date than the main house for a 
close relative of the owner. This house is 
at a higher level and so the passageway goes 
from the second floor of house A to the court
yard level of house C. There is an outside 
entrance for house C on the lane to the north
east. Also, house D originally was occupied 
by a sister of the owner, and there is a 
connection between houses A and D. There is 
even an air vent to an underground room of 
house D in one of the rooms of house A. As 
previously mentioned, house E shares the same 
foyer with the main house (A), but there 
also is a direct connection between them. 
Also, a passageway exists between houses E 
and F and between houses A and F at an upper 
level. Both houses E and F were once occupied 
by relatives of the Gazorgah house owners. 
Furthermore, courtyard G was occupied by an 
uncle (amo) of the owner of house A, and this 
large house also had an anderuni (G) and a 
biruni (H). 

Relatives may have been in some of the 
other nearby houses and there might have 
been more connections between the various 
homes, but this could not be determined. In 
fact, presently, except for the passageway 
between houses A and C, all the doors between 
houses are sealed. Mutual relatives no longer 



occupy these houses and so free access no 
longer exists between them. This even includes 
the biruni of the Gazorgah house. 

In addition, a most interesting practice 
is that part of a house may be 'captured' 
(tasarof kardan) by an adjoining house. The 
captured rooms are sealed off from the original 
house and access is available only to the 
adjoining home. Usufructuary possession is 
an accepted tradition in this Islamic society 
and so if the household is too weak to prevent 
such a capture, it certainly may occur. Within 
the Gazorgah house, for instance, the upstairs 
room above the windtower room (the room reached 
by stairs from the foyer) has been taken by 
house F. The otaq-e doru between houses A and 
B has been taken by house B, and now house A 
has no access to that room. 

The Gazorgah house is not far from the 
daily necessities and services which are (or 
were) not available in this large, wealthy 
h?me. The Bazaar-e Mirchaqmaq provides most 
of the vegetables, meat, and bread which are 
needed for meals, and it is located only 
several hundred meters from the house. A 
large mosque, Masjed-e Mirchaqmaq, is only 
another fifty meters beyond this bazaar. The 
inhabitants of the Gazorgah house, however, 
can attend a smaller mosque on the alleyway 
where the adjacent houses C and 0 face. The 
nearest public bath and water storage are 
located on nearby lanes, several hundred 
meters from the house, although the occupants 
of the Gazorgah house did not need to patron
ize the public water facility because they 
had their own well. 

Zoroastrian Houses: A CUltural Alternative 

Even though the design of indigenous 
housing can be ingeniously adapted to specific 
environmental conditions, cultural factors 
can be very important as well. This is well 
illustrated by the traditional houses of the 
Zoroastrians in the Yazd region (Boyce, 1971). 
This religious minority has had to survive 
centuries of Muslim persecutions and restric
tions until the 20th Century. Some of the 
older houses still remain from the 19th Century 
and their structure reflects the repressive 
social milieu. 

Zoroastrian houses were built specifically 
for defensibility and so a large courtyard 
was not present (Figs. 19 and 20). Most houses 
did have a small open space with a type of iwan 
(pesgam-e mas) used for religious purposes, 
although this never faced toward the north as 
the Muslim iwan because that is the direction 
of hell for the Zoroastrians. There is a 
summer shadow cast over a second, less important 
iwan (pesgam), but the courtyard space is too 
small for the winter sun to warm any of the 
interior of the house. 

The walls of the house and the roof were 
restricted in height, no second stories were 
allowed, and no windtowers could be built on 
Zoroastrian houses. The lack of a windtower 
and usable courtyard could not easily be com
pensated for, but more air vents and an elab
orate lattice of small air holes helped to 
circulate the air within the house. In some 
instances the restrictions on height were ~ 

circumvented by having the main level of the 
house dug considerably below the ground level. 
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Fig. 19: Plan of a Zoroastrian house near Yazd: 1) courtyard, 
2) iwan (pesgam-e mas), 3) iwan (pesgam). -Adapted 
from Boyce (1971) 
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Fig. 20: Roof of a Zoroastrian-style house near Yazd 

For added security in some Zoroastrian 
houses even the small open space was covered 
by a dome. Such houses were cool in the 
summer, but were very cold and uncomfortable 
in the winter. The roofs were used like the 
Muslim housesj although an altar sometimes 
was on the roof as well. Generally, however, 
due to the Muslim restrictions the Zoroastrian 
houses could not be used effectively seasonally 
and were hotter in summer due to the lack of 
adequate air currents and colder in winter 
due to the absence of open spaces for sunshine 
(Ibid., p. 132). 

CONCLUSION 

Iranian Houses and Indigenous 
Building Technologies 

In a pre-industrial economy, before the 
advent of electricity, appliances, and auto
mobiles, the traditional Iranian house repre
sented a most comfortable and rational design 
for a hot arid climate. The open courtyard 
and such features as thick adobe walls, iwans, 
underground rooms, windtowers, domes, and 
air vents all indicate an intimate knowledge 
of the environment as well as a sophisticated 
indigenous building technology. Seasonal usage 
of rooms, a focus on a courtyard pool and vege
tation, and the extensive utilization of the 
roof are fantastically simple solutions to the 
extremes of a hot (and cold) arid climate. 



Equally as important, the vernacular 
architecture fits the needs of the inhabitants; 
traditional Iranian housing reflects a blend 
of cultural preferences as well as an adap
tation to local climatic conditions. The 
high, windowless walls that face the streets 
and alleyways, the protected entrances into 
the courtyards, the separateness of the guest 
room, and the division into a biruni and 
anderuni courtyard in wealthier homes all 
represent the society's values and needs. 
The traditional Zoroastrian house also indi
cates how cultural factors can be most 
influential for the design; in this case, 
the structure which had been forced by Muslim 
restrictions and the need for security is 
incompatible with the climate of the region. 
Yet, even in these houses attempts were made 
to mollify the harsh climate within the 
cultural framework. 

One factor which should be stressed about 
traditional Iranian houses is that their design 
and construction relies heavily on natural 
sources of energy. Maximizing sunshine in 
winter and shade in summer (within the cultural 
restrictions of an orthogonal house and an 
orientation often dictated by irrigation 
systems, land use patterns, and topography) 
the courtyard house effectively utilizes 
cheap natural energy. The thick adobe walls, 
usage of the insulating properties of the 
ground, and the passive cooling systems of 
domes, windtowers, and air vents contrast 
sharply with the modern Iranian house whose 

electrical air conditioner cannot compensate 
for the thin walls, large glass windows, and 
a design based upon Western architectural 
manuals. And the unreliable electrical supply 
can lead to rather horrendous conditions 
in these modern houses, because little provi
sion has been made for natural ventilation when 
the air conditioning is not functioning .• In 
an era of rising energy costs the effective 
use of natural systems takes on added importance. 

Vernacular buildings also are inexpensive 
because they use mainly local materials. Mud 
is cheap! And even the traditional fired 
brick if made and used correctly provides 
many of the same properties as adobe but with 
more permanence. Concrete blocks, poorly 
fired pale yellow bricks, and steel are expensive 
substitutes for the indigenous materials, 
especially considering the ill-designed 
structures in which such materials are used. 

Local building materials, however, can 
be effectively used only if there are crafts
men who know how to properly make and utilize 
them. It is, in fact, the indigenous building 
techniques which are most vulnerable to tech
nological change and modernization. Many of 
the traditional structures are the end-product 
of millennia of experimentation with and 
adapting to local environmental conditions. 
A sophisticated skill and knowledge has been 
handed down for many generations; but this 
valuable tradition is in the process of being 
lost forever. 
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Fig. 21: Traditional and roodern technology in Yazd 
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There are many lessons to be learned from 
indigenous building technology, as demonstrated 
by the houses of central Iran. Designed in 
light of the values and needs of a people as 
well as being adapted to the environment, these 
structures are culturally and physically effi
cient. Certainly this does not mean that society 
should revert- to a pre-industrial technology. 
It does mean, however, that vernacular housing 
should be studied carefully so that those aspects 
which can be adopted and blended into a modern
izing society will make that transition easier 
and more livable. 

This study was made possible in part by a 
grant for research in Iran in 1977 from the 
Joint Committee on the Near and Middle East of 
the American Council of Learned Societies and 
the Social Science Research Council. I thank 
this organization for its support. I am grate
ful for the comments of William R. Royce and 
the editors, Kenneth N. Clark and Patricia 
Paylore; for the architectural drawings by 
Peter Niederman; and for the valuable help of 
my field assistant in Iran, Mehdi Abedi. All 
photographs were taken by the author, except 
for Fig. 5 which is from the National Carto
graphic Center of Iran. 
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View of Shay Gap dwelling, showing part of natural amphi
theater of the total site formed by surrounding cliffs 



SHAY GAP, AUSTRALIA: DESIGN AND EVALUATION OF A DESERT MINING TOWN 

Robert B. Bechtel 

Introduction 

Shay Gap, located about 100 miles south 
of Port Hedland in Western Australia on the 
edge of the Great Sandy Desert, is a planned 
mining town built as a portable community 
to be move~ from place to place as ores are 
exhausted. Designed by the Australian 
architect, Lawrence Howroyd, with plans to 
move in 1980, it was built in 1973 by the 
Goldworthy Mining Company, Ltd. near a large 
iron ore body in the Pilbara district. When 
it was evaluated in 1977, it had been occupied 
for over three years. 

What makes Shay Gap a unique example 
among mining communities is the careful 
consideration by the architect of human 
needs in a hostile environment. Because 
the Company knew that it would take more 
than high salaries to hold men in the Pilbara, 
it wanted to create an attractive community, 
not an easy task in an environment with winds 
up to 140 mph, temperatures as high as 120·F 
and rainfall of 5 inches per year. 

To find a solution to this problem, 
Howroyd researched communities in the Middle 
East where adaptation to a similarly stressful 
climate had been worked out over hundreds of 
years. He learned that one major response 

to the desert environment had been to put a 
wall around the community, a device that had 
both physical and symbolic utilityo It. 
provided shade and a figurative separation 
of the community from an inhospitable environ
ment. A second adaptation, to crowd houses 
together so that they could shade one another, 
resulted in narrow streets where people were 
forced into close social contact. 

But because the medieval communities of 
the Middle East did not have to contend with 
the automobile in those narrow streets, this 
'tiger' of the asphalt jungle loomed in Howroyd's 

mind as a major interference with these solu
tions, one that he decided to eliminate. Thus 
Shay Gap was designed to be a walled community 
with closely-built housing and a pedestrian 
circulation system, concepts that received 
worldwide publicity in 1975. 

This notoriety attracted researchers to 
study Shay Gap, for these principles are similar 
to recommendations for cold regions communities 
(Zrudlo, 1972; Australian National Commission 
for UNESCO, 1973). In late May and early 
June 1977, therefore, researchers from the 
Cold Regions Research and Engineering Labora
tories (CRREL) visited Shay Gap to conduct a 
Post Occupancy Evaluation of Howroyd's design. 

223 



224 

Fig. 1: Schematic plan of Shay Gap 

Schematic Plan 

Shay Gap has a general plan quite similar 
to that of Nanisivik, N.W.T. in Canada 
(Bechtel, 1979, p. 4). The family housing 
area and single men's quarters border on the 
centraL facility, while work site is remote 
(Figo 1). Since the organization diagram is 
grossly simplified it does not show that some 
single people are housed in the family area 
near the central facility, and some families 
are now located in buildings known as 'the 
flats,' north of the central facility. 

The site of Shay Gap, selected for 
aesthetic and social but also very practical 
reasons, lies in a natural amphitheater formed 
by the surrounding cliffs and mesas which 
conceal the vast horizons, provide dramatic 
close vistas, and create later sunrises and 
earlier sunsets (Frontispiece). The 105 trees 
on the site before construction were preserved 
and supplemented so that today the site has 
the feeling of a wooded suburbia, with the 
dramatic red cliffs forming a backdrop for the 
community. The town is surrounded by a service 
road that skirts the base of the cliffs and 
prbvides access to parking areas (Fig. 2). 
To increase social contact, houses are clustered 
in groups of twelve units, each with its own 
mini-environment of pathways, trees, and 
screening walls that provide privacy from 
cluster to cluster (Fig. 3). Eleven clusters 
were built around a wide common space, all 
interconnected by the gravel walkways, the 
intention being to enable residents within the 
clusters to develop a neighborhood feeling. 
It is possible and convenient to walk to the 
shops, the club, the administrative offices, 
the outdoor movie theater, or to any building 
on the site without using the car. By forcing 
people into the narrow pathways and common 
spaces, it was hoped that greetings would 
lead to conversation and friendship. 

To offset feelings of invasion of privacy 
that might have otherwise developed in the 
close arrangements of the houses, each house 
was oriented away from its neighbor (Fig. 4). 
Patios and fences were arranged so as to 
prevent views into the neighboring house. 
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Windows do not look out on any adjoining 
house; instead, all windows and doors open 
to a screened porch or patio (Fig. 5). Thus, 
even though houses are very close, measured 
corner-to-corner, there is an illusion of 
space and privacy. 

The strongest impression on the visitor, 
perhaps, is the freedom of movement for 
children. They are everywhere, playing, 
watching, and obviously being tolerated by 
residents. Recreation areas for adults and 
children are scattered among the clusters, 
each with a field appropriate for soccer or 
football. Children's play areas are shaded, 
and children can easily walk home for lunch 
along the pathways. At night the pathways 
are lit by marine running lights whose amber 
glow dots the way among the houses. In con
trast to most urban areas, residents of Shay 
Gap feel safe walking the pathways at night, 
and visiting between residents is frequent. 

The houses themselves are pre-formed 
units that may be lifted into place or dis
mantled and moved when mining activity moves 
on to another part of the desert (Fig. 6). 
Built of pre-stressed concrete, all units 
are organized with the use of a 4'x4' grid 
(Figs. 7 and 8). These pre-stressed units, 
placed to gain maximum interior-exterior 
interaction by sliding the modules, create 
useful courtyards in the resultant open 
spaces. Normally, two modules are used to 
create a family dwelling; in the case of the 
two-story unit, three modules are used. 

Fig. 4: Houses are oriented away from each other 

Fig. 5: Windows and doors open onto a screened porch or 
patio 
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Exterior walls are shaded by the use of a 
generous overhang and patio covers (Fig. 5), 
with openings kept to a minimum to insure 
privacy between units and to keep out the 
hot desert sun. Open space devoted to each 
unit has been divided into an entry court 
which provides public access to the living 
area from the pedestrian pathways, and a 
rear service court on the opposite side of 
the unit. The centrally air conditioned 
interior spaces, with all windows inoperable, 
were designed to provide a background charac
ter into which the residents could make their 
own environment. 
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Fig. 7: Floor plan of single-story three-bedroom house 
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The Post Occupancy Evaluation 

The Post Occupancy Evaluation of Shay Gap 
was conducted in three phases: 

1) to visit with the architect and com
pany officials to obtain design 
hypotheses, essentially a list of 
the design decisions made by the 
architect that related design ele
ments to human behavior 

2) to construct a questionnaire that 
would directly test the design hy
potheses from the responses of 
residents living in Shay Gap 

3) to conduct a behavior setting survey 
of the community to further test the 
design hypotheses and provide quan
titative data what would permit com
parison of Shay Gap and other commu
nitiep similarly studied (Bechtel 
and Ledbetter, 1976; Bechtel, 1977). 
[This will not be discussed in this 
paper.] 

Design Hypotheses 

1he design hypotheses were derived from a 
visit with Lawrence Howroyd at his offices in 
Perth, Western Australia, and with officials 
of the Goldsworthy Mining Company in the same 
city, a task that was relatively easy because 
Howroyd had given considerable thought to each 
of his design decisions, the range stretching 
far beyond the three principles outlined above. 

Design Questionnaire 

A questionnaire was constructed that would 
attempt to answer these hypotheses from a com
parative point of view wherein residents were 
asked to relate some environmental variable at 
Shay Gap to other communities where they had 
lived recently -- wind, for instance, was it: 

least in volume and annoyance? 
less than most? 
the same? 
more than most? 
the most of any place? 

Each answer was assigned a numerical value by 
which the least in volume and annoyance was rated 
five, the most rated one. By adding these an
swers, a low score was least favorable to the 
environment of Shay Gap, a high score most favor
able. 

The Design Questionnaire was divided into 
questions covering site, community, social and 
daily living, children, and the house itself. 
The questionnaire was administered to a random 
sample of mining employees living in the resi
dential sections of Shay Gap. The total number 
of interviews completed was 73, 60 percent from 
subjects living in the family residential area, 
40 percent from residents living in single men's 
quarters. 

1. Design Hypotheses about Site: 

Howroyd spent a great deal of time selecting 
the site for Shay Gap, claiming to have considered 



Fig. 9: View of Shay Gap showing relation of site to 
surrounding hills 
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more than 16 locations before choosing the 
prot~ctive hills that became the 'walls' of 
the medieval Middle Eastern village proto
type. Results indicate strongly that most 
residents prefer the hills over a level 
horizon. Nevertheless, they also made clear 
that they do not feel significantly protected 
from wind and dust, nor particularly more 
shaded than in other places where they had 
lived recently. The psychological effect of 
the site in relation to the hills seems to 
have been the most important aspect brought 
out by this particular question (Fig. 9), 
with comments such as: "I think the hills 
are beautiful, and I love to look at them" 
being illustrative of this response. Others 
spoke of the pleasure of climbing them during 
weekends, a recreational use confirmed by our 
own observations. 

Residents do feel that the townsite is 
small, even though there is no more sense of 
isolation than in others of their most recent 
residencies. Perhaps the knowledge that Shay 
Gap will be moved eventually contributes to 
the feeling that, despite efforts to make it 
more than an encampment, it is by its nature 
temporary. 

2. Community Design Hypotheses: 

Of the community design hypotheses 
tested in this section of the questionnaire 
the one most confirmed seems to be the per
ception that houses are very close together. 
Howroyd deliberately clustered them so that 
shading could occur but attempted to dis-

guise the closeness by the positioning of 
windows and the houses themselves. While 
this was not successful in increasing per
ceived shade, it did succeed in minimizing 
noise as an interference and providing pri
vacy by proper fenestration. 

Although some dissatisfaction was ex
pressed with the selection of goods avail
able in the shopping area, there is an almost 
contradictory feeling that one does not have 
to go 'outside' to buy items lacking here. 
It seems clear that the shopping area was an 
unexpected dividend, for not only does it 
conserve energy by placing all commercial 
enterprises under one roof, it also Serves 
as the social focal point of the town (Fig. 10). 
One can go there to find out what is going on, 
meet one's friends and take care of shopping 
all in one trip, a social benefit that could 
not as easily be derived from having the 
amenities in a standard shopping mall, or 
scattered throughout the town. Certainly it 
appears to be the most-used building, with 
the club a close second. 

Outdoor space for gardens, pets, and 
storage is a noticeable shortcoming, one 
commented on with some frequency. 

In sum, many aspects of community design 
tend to overlap with succeeding sections. 

3. Social and Daily Living: 

Despite attempts at integrating single 
men and families, there is a kind of de facto 
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Fig. 11: Kitchen as example of interior space 

segregation, reflected in residents' answers 
to the question about relations between 
single men and families. Children are not 
generally allowed near single quarters by 
parents, and most single people said they 
felt-uncomfortable if they had to walk in 
family quarters unless visiting a friendo 
Others felt visits with families were some
what awkward. Some residents claimed that 
the main reason for a lack of integration 
was that there were too many single men at 
Shay Gap. 

While residents did feel they spent 
more time indoors at Shay Gap, they claim, 
almost contradictorily, to have become 
acquainted with more people at Shay Gap 
than elsewhere o Apparently, the design 
effort to get people out of the house, to 
walk more, and to encourage them to engage 
in a more ac"tive social mode seems to be 
a qualified success not entirely due to the 
design, necessarily, but because the manage
ment of social affairs may account for this 
in some respectsa 

4. Design Hypotheses about the House: 

Among questions on the house itself, one 
most agreed upon was the noisy plumbing, with 
74 percent feeling it was the noisiest they 
had ever experiencedo Most residents agreed 
that because interiors were not bland, there 
was some tendency to feel they were also 
easy to decorate (Fig. 11) 0 

Residents were divided about the privacy 
and use of the courtyards, ranking private 
areas as a fairly clear continuum from the 
most private inside the house to the play and 
cornmon areas and public buildings which were 
seen as the least private, thus tending to 
confirm the design hypotheses about terri
torialityo 

5. Design Hypotheses about Physical Features: 

Windows, plumbing, and air conditioning 
are three physical features that stood out in 



the evaluation of Shay Gap. Because of the 
central air conditioning system, it was decided 
to make the windows inoperable, a generally ac
cepted practice in central air conditioning 
systems. Several residents complained that the 
windows should be operable, yet most recognized 
the necessity for controlling the windows, par
ticularly since this added to the acoustical 
privacy even though it also enabled the houses 
to be closer together o 

There certainly seemed to be no question 
that there was sufficient air conditioning, 
though the researchers observed that many of 
the houses at Shay Gap were icy cold. In what 
might be considered as somewhat of an anomaly, 
Company officials stated that of all the design 
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Desert Housing in Baja California 

Ricardo Legorreta 

Ricardo Legorreta studied at the Univer
sidad Nacional Aut6noma de M~xico between 
1948 and 1953, where he received his architec
tural diploma. For several years, he worked 
for and in partnership with, other architects 
in Mexico City, and founded Legorreta Arquitectos 
in 1963. Between 1959 and 1962 he was a design 
professor, and between 1962 and 1964 chief of 
the experimental group, at the School of 
Architecture of the Universidad Nacional. He 
is a Distinguished Member of the Colegio de 
Arquitectos Mexicanos and is generally regarded 
as one of the foremost contemporary architects 
in Mexico today, having designed numerous 
important buildings. His philosophy is to 
create Mexican architecture using contemporary 
materials and methodologies. 

237 



238 

Burrowed into the dunes, the two rows of condominium units allow 
unimpeded views of the Pacific and the cliffs 

-photo by Richard Gross 



DESERT HOUSING IN BAJA CALIFORNIA 

Ricardo Legorreta 

Designing buildings for the arid zone 
is often looked upon as an undesirable task. 
Perhaps we even talk about "arid zones" 
when we mean "deserts," but decline to use 
"desert" because it connotes a hostile 
environment. I should like to comment about 
designing for the desert in a positive way, 
illustrating my points with projects in 
Egypt and Mexico. 

When we speak about extremes in climates, 
deserts and tropics seem to be opposites. Of 
these two extremes, desert imparts much more 
feeling in terms of tranquillity, isolation, 
even spiritual inspiration in stronger ways 
than tropics. Such feelings are often re
flected in architecture, the best adapted 
architecture of the past found in desert re
gions. NOW, at long last, we look to those 
structures for inspiration and understanding 
for contemporary design. This look backward 
to the more simple passive solutions of the 
past is not just by happenstance. We are now 
becoming involved in a very serious energy 
crisis, but one which may be transmuted into 
a fortunate occurrence for those of us who 
feel that climate should be very influential 
on architectural design. Too often in the 
recent past, we have created architecture in 
disregard of the climate, relying rather on 
sophisticated mechanical systems to make our 
buildings livable. Beyond the technology, 

moreover, such disregard has resulted in less 
imaginative design and the use of the buildings 
themselves. 

Of the various approaches to designing 
for the desert, the first is the natural way 
in which there is an effort to adapt the archi
tectural solution to the environment. By adapt
ing we mean that one tries to use shapes and 
forms already present in the desert, and to 
harmonize those new shapes with the colors of 
the area. A second way of relating a structure 
to the desert is to bury it altogether, put it 
out of sight, make it disappear from view. 
And a third method is to make a very strong 
contrast with the desert environment. Each of 
these approaches is valid, and, depending on 
the talents of the architect, each can be 
successful. 

There are two approaches to the use of 
technology: one fully emphasizes technology 
and engineering to solve the interior climate 
problem. It is aided by insulating wall and 
roof surfaces from exterior elements, a solu
tion only in the framework of unlimited energy 
sources. But second, the passive approach to 
design and the use of technology is also very 
important, one that focuses on methods of re
ducing or modifying the exterior conditions 
to which a building is exposed. For example, 
the roof can be used to protect the walls;, 
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Fig. 1: Egyptian pyramid (-photo by Michael E. Bonine) 

Fig. 2: Wall tomb, Nile River (-photo by William G. Dever) 
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exterior overhangs can be designed for the ap
propriate orientations, the axis of the house 
or building can be shifted in the best possible 
direction to lessen the stress on the struc
ture. It is important, too, to work with cross 
ventilation and the induction of drafts to cool 
the building .naturally. Not to be overlooked 
is vegetation used to shade the building and 
thus achieve cooling effects. 

Designing for Arid Zones 

To know the microclimate of the site is a 
critical factor in design, one too often over
looked or ignored by architects who design 'in 
absentia.' An acquaintance with the site --
if not a deep one that derives from actual hab
itation, at least one that accrues from an in
depth visit -- is necessary to understand fully 
the parameters of successful design. Only from 
on-site mayan architect receive the full impact 
of his design on the way of life for that site, 
and, more importantly even, vice-versa. 

The Egyptian Example 

In Egypt there exist examples of various 
approaches to the problem of building in that 
particular arid climate. The most obvious is 
that of the pyramid that presents a contrast
ing form against the desert landscape (Fig. 1). 
Another approach is that of the wall tomb 
which tries to hide itself in the canyon walls 
of the Nile (Fig. 2). A third approach may al
so be found there, that of an architecture that 
attempts to adapt itself to the desert. The 
best-known proponent of this idea in Egypt is 



Hassan Fathy, an architect who has turned to 
some of the older traditional forms for in
spiration and learning. Even more than merely 
using such old forms, Fathy believes that we 
should go back to the traditional ways of 
building, i.e. let the people build their own 
houses, with little help from the architect. 
Resulting solutions would be more than just 
designed, they would be very much integrated 
with human living. 

Fathy's ideas culminated in the design 
of a small town called New Gourna in Egypt in 
the late 1930s (Fig. 3). The basic idea was 
to build an entire town using traditional 
forms and traditional construction techniques 
by those who were going to live there (Fig. 4). 
From an esthetic point of view, it is quite 
successful, particularly from the shapes and 
proportions of the buildings and spaces (Fig. 5). 
Even the mosque, built in a very conventional 
way, exploits natural light to emphasize the 
idea of the central space, with very pleasing 
results (Fig. 6). But as a social organism 
the town has never worked well. Despite claims 
by some that the failure was caused by lack of 
government support, it is generally believed 
that the major reason for its failure is that 
it was not a contemporary solution. 

We are of a contemporary perio.d, and we 
should do contemporary architecture. Return
ing to the past is a risk if done too literal
ly, for people will react to forms that will 
be wrong for our time. Using only shapes and 
details from the past may be out of focus, for 
we should be able to recognize a building from 
its time. 
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*Fig. 3: Street view, Gourna 

*Figures 3, 4, 5, and 6 are from Fathy's Gourna, A Tale of 
Two Villages (1969), reproduced here courtesy of the Min~stry 
of Culture, Cairo. . 
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Fig. 4: Egyptian workers using traditional construction 
techniques (upper left) 

Fig. 5: Courtyard of a house in New Gourna (above) 

Fig. 6: The mosque in 1948 (lower left) 



The Cabo San Lucas Example 

Turning to a closer more contemporary 
example, I should like to discuss in personal 
terms an architectural project which I designed 
for and built in the arid climate of Baja 
California. 

Cabo San Lucas (22.50N 109.52W) is at the 
very tip of the peninsula of Baja California, 
some 50 kilometers below the Tropic of Cancer, 
situated on a bay with a very long rather 
steeply sloping beach (Fig. 7). My first re
action to the site was that it is a very aggres
sive place because of the severe topography and 
the desert vegetation. The mountains, carved 
in a series of very hard lines, march right 
into the sea. Nevertheless, at the same time, 
there is a feeling of peace and isolation that 
is also very profound. The area is associated 
with a series of disasters, both in Colonial 
times and more recently, which only adds to 
the mystery of the place. 

Native building traditions in the area 
are rather limiting, with everything needed 
for construction having to be brought in from 
elsewhere. The only native trade is in 
masonry construction. In short, the environ
ment of Cabo San Lucas has an almost Surreal
istic aspect about it, almost like being on 
the moon. 

Because of this impressive landscape, 
I wish to respect it, while at the same 

Fig. 7: View of sloping beach from the site (-photo by 
Joseph E. Fennie, Jr.) 
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Fig. 8: View showing units built into the slope of the 
beach (-photo by Richard Gross) 

*Fig. 9: Site plan showing units arranged in parallel rows, 
one lower than the other 

10-

10-
------

Fig. 10: Unit plan (upper), Section through living room 
(lower) 

*Figures 9 and 10 are reproduced from the September 1976 
issue of Progressive Architecture, copyright 1976, 
Reinhold Publishing, by permission. 



time offering a good solution for guests 
coming to the hotel for brief stays. Basic 
design concerns were: 

view 
ventilation 
integration with the beach 

Views of the beach are spectacular, the slope 
of the beach gives opportunity to have the 
view, and ventilation from natural sea breezes 
can be employed. To achieve all these basic 
design concerns, it was necessary to orient 
each unit properlyo 

The client's program called for each 
unit to have a living area with a kitchenette 
and two bedrooms which could eventually be 
sold as condominiums. There was also some 
concern about the great extremes in tempera
tures because of the climate. But the lack 
of rain and low subsurface water table were 
seen as climatic advantageso 

By combining all these factors, we were 
led to the idea of building the new units 
into the slope of the beach, a solution that 
seemed to maximize the view, take advantage 
of the natural ventilation off the water, 
and integrate with the dune form (Fig o 8) 0 

The living units themselves are arranged 
in two parallel rows, one lower than the other, 
facing the sea (Fig. 9). By integrating 
them into the dune in this manner, each unit 
has a sea view and at the same time the upper 
units use the roofs of the lower units as . 

Fig. 11: View showing access to lowered entry patio 
(-photo by Richard Gross) 

Fig. 12: Example of use of indigenous vegetation for 
landscaping 
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Fig. 13: Walkway along roof, with view into a patio below 
and the sloping dune to the beach 



terraces (Fig. 10). This also has the advan
tage of providing insulation for the lower 
rooms. Access to the units is by way of a 
lowered central patio which opens to the living 
room and bedrooms, and is used to enhance the 
natural ventilation off the sea. The building 
shades the entrances to help cool the court
yard spaces. 

Each unit was developed to have three 
elements, with direct access to the lowered 
entry patio (Fig. 11). Bathrooms and the 
kitchenette were located in the back ~art of 
the structure, away from the view, and pro
vided with ventilating skylights to induce 
ventilation and give light to those rooms. 
The living room and bedrooms all have the 
sea view as well as access to the sunken 
patio. 

On the exterior, the concept of hiding 
the new units was continued, with natural 
sand heaped over the roofs of the units and 
the site replanted with vegetation indigenous 
to the area (Fig. 12). The only really good 
view of the units is from the sea; from the 
other sides, the buildings are hidden; appear
ing only as holes are the patio entrances. 
From the top of the beach, the view is pre
served. The first coat of paint, a moisture 
barrier to seal the concrete walls, was white 
in color, making the tops of the walls highly 
visible. When the final coat was applied, 
however, it matched the sand in color so that 
the buildings blend into the landscape. On 
top of the units, walkways are arranged 
casually on the sand, providing a walking 

surface without being too harsh or well
defined (Fig. 13). The pool is shaded by 
using the same fencing material as the walk
ways in order to blend with the landscape. 

A double wall construction system was 
used for the submerged units. Foot-thick 
concrete masonry walls were used as retaining 
walls against the dune, with a four-centimeter 
(1-3/4 inches) air space separating the 
retaining wall from an interior non-bearing 
brick wall. The brick wall was then stuccoed 
to achieve the final interior finish. Along 
the base of the air space are drains that 
collect any moisture which might penetrate 
the concrete retaining wall. The roof system 
is a 12" reinforced concrete slab, covered 
by a moisture barrier over a layer of tamped 
cinders, and a final surface of flat tiles 
mortared in place, the conventional roofing 
system used in Mexico. Two feet of sand was 
then pushed directly on top of the roofing 
system. with this type construction, there 
have been no reported leaks or moisture pene
tration into the units. 

The detailing of the units was kept very 
simple. Narrow entrances and ventilating 
windows were used to contrast with the enormous 
scale of the surrounding desert. On the 
interior, the plastered wall treatment is 
continued to enhance the interior/exterior 
relationship. In addition, the walls are 
sculpted with lighted niches to break up the 
feeling of interior walls without windows. 
Flooring material used was clay tiles, usable 
either inside or outside (Fig. 14). Furni~h-
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Fig. 14: Furnishings are kept simple intentionally with 
many pieces designed specifically by Legorreta 
Arquitectos. 

ings are kept simple intentionally, with many 
pieces designed specifically by our office. 

The project was successful in terms of 
meeting the initial design idea -- to make the 
units disappear into the sand beach while 
providing an interesting and luxurious place 
from which to enjoy the Cabo San Lucas. Even 
the ventilation worked very well -- ·window 
air conditioners provided as backup only and 
never used to cool the rooms. 

One negative aspect of the units, however, 
is the image they present to visitors: One occu
pant commented that they reminded him of his 
days in a World War II bunker, making them 
psychologically uncomfortable for him. Other 
comments have also taken aim at the image of 
underground living. 

However valid these comments to those 
who made them, this solution still seems the 
correct one for the site and for the problem. 
Moreover, the units have attracted worldwide 
attention because of their fresh approach to 
living in a desert environment. 

By using underground elements, the 
landscape blends with the architecture, giving 
it strength and personality at the same time 
the architecture forms part of the landscape 
by its lines and volumes. It tries to give man 
the desired peace and rest that have been lost 
in most of our cities (Fig. 15). 



Fig. 15: Burrowed into the dunes, the two rows of condominium 
uni ts allow unimpeded views of ·the Pacific and the 
cliffs (-photo by Richard Gross) 
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Earth Sheltered Housing 

Frank L. Moreland 

Frank Moreland received the B.A. in 
Mathematics (1959) from Texas Christian 
University, the B.A. in Architecture (1963) 
from the University of Texas, Austin, the M.S. 
in Architecture (1967) from the University of 
California, Berkeley. He was Assistant 
Professor at Pennsylvania State University 
from 1970-1973, when he joined the University 
of Texas School of Architecture and Environmental 
Design, Arlington, where he is now Associate 
Professor. 

Moreland is the author of many publications, 
including Opportunities in Urban Alternatives: 
The Use of Urban Hill Villages, and has edited 
Alternatives in Energy Conservation: The Use 
of Earth Covered Buildings (1976) for the Na
tional Science Foundation's Research Applications 
Directorate. He is on the board of directors 
of the American Underground Space Association 
and on the editorial board of Underground 
Space. He has been a consultant to the U~ S. 
Department of Energy, the U. S. Army Corps of 
Engineers, and the National Science Foundation. 
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EARTH SHELTERED HOUSING 

Frank Moreland 

Earth covered buildings are a classic example of an existing or formerly used technology which is 
presently underutilized. 

-Seth Tuttle, National Science Foundation 

In no way can improved insulation on an above ground building begin to compete with subsurface 
structures from the viewpoint of energy conservation. 

-Thomas P. Bligh, University of Minnesota, Underground Space Center 

The most serious research need the 
country faces has to do with the way we orga
nize and build our cities. Those two activi
ties lie at the base of many of our major 
problems. For instance, at present we are 
consuming energy at an alarming rate: 25% 
for transportation, 18-26% for heating and 
cooling, and around 20% for the manufacture 
of building and transportation components. 

decay and social alienation occur at alarming 
rates both in the urban ghettos as well as in 
suburbia. Also, our cities present an excessive 
demand for material resources. In sum, we are 
misdirecting much of our huge investments in 
cities. The product is unwholesome, dangerous, 
and expensive. 

One reason for the situation is that we 
have not examined the performance of our man
made habitats. The construction industry is 
the nation's largest and three times bigger . 

At the same time, we are suffering pollution 
from many city related sources, e.g., trans
portation, energy production for heating and 
cooling with electricity, heating by fossil 
fuels, and pollution from storm water. We 
are paying high taxes for maintenance and 
operation of streets, transportation, police 
and fire protection, as well as capital, 
maintenance and operation costs for utilities. 
Health costs are increasing due to pollution, 
noise, crowding, and auto hazards. Urban 

than the second, transportation. Yet performance 
research into the products of the construction 
industry is miniscule. We know little in 
detail about how well our cities function, 
except for the intuitive 'feeling' that they 
do not function very well. However, we now 
know that our national continuance depends on 
the performance of our cities. That much ~ is 
clear. 
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While I believe that the use of earth 
sheltered buildings and dwellings would move 
our cities in the directions we know to be 
right, the fact remains that we know too 
little. Current estimates are that the 
United States will build in the next 25 
years as much physical plant as now exists 
in the country. There is strong evidence 
that what we build in the future should be 
a sharp departure from what we have built in 
the past. We need to take a closer look at 
redesigning cities, as a Rockefeller Foundation 
study suggests. Our cities must become more 
efficient in the allocation of resources and 
they must also improve the life quality of 
the people who live in them. A great deal 
of research and exploration needs to be done; 
perhaps a special organization will be re
quired to coordinate and plan the research 
needed. 

We are building a physical plant that 
our children will not be able to afford or 
replace. A major research effort that ex
plores our real alternatives in a coordinated 
way is required for a wise and efficient 
restructuring of our cities. In broad terms, 
our cities do not compare to the great contri
butions of our society. It seems that they 
now must. 

Earth Sheltered Housing 

Earth sheltered housing has had a long 
and continuing history of use throughout the 
world. The intrinsic safety, comfort and 
total economy of earth sheltered housing have 

long been recognized. Many think the country 
will soon see a dramatic renewed interest in 
earth sheltered housing. Earth sheltered 
housing promises very low energy consumption 
for heating and cooling (perhaps non required 
in emergencies), long life (hundreds of years), 
low maintenance and operation costs, safety 
(from fire, storms, theft, radiation), minimal 
long-term environmental impact, major" increases 
in green open spaces and privacy, potentially 
lower capital costs, and the lowest life cycle 
costs of any building type known. 

Energy consumption by earth covered 
dwellings can be very small. For example, 
the north Texas population typically uses one
third of all home energy consumption for heating 
water and operating lights and appliances, with 
the remaining two-thirds consumed for space 
heating and cooling (for all-electric dwellings). 
Thus, a 75% reduction in heating and cooling 
usage would result in a reduction of 50% in 
total usage, given a constant level of energy 
used in the home. A brief analysis suggests 
that reductions of 75% in heating and cooling 
loads for earth covered dwellings are easily 
possible in many locations. 

One may use soil as a heat source, a heat 
sink, and as insulation. As an example, let us 
consider an earth covered building for Fort 
Worth, Texas. Figure 1 shows an estimate of 
annual daily average temperatures for ambient 
air and soil conditions at a 9-foot depth for 
a vegetated site. Based on the information 
contained in Figure 1, one may suggest the 
following conditions for an earth covered 



building in Fort Worth with 9 feet of earth 
cover: 

1. The daily range of earth temperature 
is much smaller than the daily range 
for air temperature. The earth's 
temperature range is so small that 
it is difficult to measure, while 
ambient air range for the same 
locality may vary from 30-50 
degrees Farenheit. 

2. The earth reaches a low temperature 
of 63°F in April-May and a high of 
69°F in October-November, with the 
annual average of 66°F occuring in 
February and Augusto 

3. Therefore, the soil surrounding an 
earth covered building serves to 
radically reduce external climatic 
heating and cooling demands for the 
building. Moreover, untreated 
surface air may be introduced during 
much of the year to temper inside 
temperatures 0 

40 Heat load from appliances and people 
would likely .add sufficient heating 
to an earth covered building to 
warrant the .use of some air cooling a 

However, calculations for a residence 
indicate that the total amount of 
energy used for heating, cooling, 
and ventilation may well be only 

25% of that required for a comparable 
non-earth covered dwelling. However, 
the calculations do not allow for 
partial contact between the dwelling 
and outside air, particularly in the 
case of sunken gardens or skylights, 
nor do they account for energy con
sumed for dehumidification. 

Thus, one might not actually observe· a 
75% reduction in energy consumed for heating 
and cooling for an acceptable earth covered 
building. However, dramatic reductions are 
easily attainable. 

Figure 1 is based on ground temperature 
studies done by B. J. Fluker at College Station, 
Texas (1951-55) at a depth of 10 feet. Site 
conditions assume that the surface has signif
icant ground cover, with the expected effect 
that the resulting shade would modulate the 
annual profile by 5°F at the extremes. In 
addition, major tree root networks may lower 
soil temperature averages for this region 
significantly, as they transpirate quantities 
of water drawn from the cooler, lower levels. 
The rate of water movement vertically would 
influence the effect markedly, enough to account 
for a 3°F reduction in the maximum annual 
temperature. Finally, Fort Worth has an average 
annual temperature of 64.5°F compared to College 
Station's average of 68.2°F. It is assumed the 
effect of this difference is to modulate the 
College Station temperature profile by 4°F. 
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Soil temperatures for many earth covered 
buildings may be expected to differ significantly 
from those measured in undisturbed soil, or as 
calculated by the Fluker equation. Some earth 
covered building configurations can be expected 
to have soil temperatures which vary greatly 
from such numbers. There are two major causes 
for this: 1) In uninsulated earth covered 
buildings the structure would constantly present 
either heat load or heat absorbing etfects on 
the earth. Indeed, very efficient earth covered 
buildings depend on this effect. Thus, the soil 
temperature profile immediately around an earth 
covered building might be expected to be modu
lated by this effect. 2) Structural elements 
which are exposed to the air may be expected to 
conduct heat more quickly than soil, reducing 
the time lag effect and increasing the minimum 
and maximum soil temperature for a given level 
of ground cover and soil moisture. 

Structural loading presented by a deep 
earth cover can be large. For example, 10 feet 
of earth cover with major vegetation can create 
loads which approach 10 psi or 1440 lbs/sq. ft. 
Conventional flat beams and slabs are grossly 
inefficient ways of supporting such loads. 
However, curved shells are very efficient with 
regard to heavy loads. Ignoring soil arching, 
a uniform 10 psi load could require less than 
3 inches of unrein forced 2000 psi concrete 
for a 30 foot span when designed as a barrel 
vault. 

Air quality can be a problem in relatively 
warm and humid climates~ The reason lies in 
the fact that earth covered buildings in those 



~egions will usually act as natural humid
ifiers. In warm humid regions this condition 
could occur to the point of discomfort for 
the occupants. There will often be a need 
to dehumidify the ambient air introduced 
into such earth covered buildings. Refrig
erated air cooling with a subsequent reheating 
system is often offered as a solution to the 
problem, but a passive means of moisture 
removal is much preferable. The use of 
succulent plants and desiccant beds are 
examples of passive air moisture control 
methods 0 

The outstanding performance of earth 
sheltered housing can be even greater if 
used at medium densities in existing urban 
areas. There is an imperative need to 
build housing at densities about three times 
greater than current suburban developments. 
A greater density of housing units could 
provide for economical and convenient public 
transit, resulting in major energy savings 
and more transit opportunitieso Also, most 
services would be economically viable within 
walking distances of residences (shops, 
schools, etc.). Moreover, the increased 
density could reduce heating and cooling 
requirements, because .housing at medium 
densities usually shares walls, thus reducing 
wall exposure to the climate. Therefore, 
medium density housing could reduce our 
energy requirements to levels much lower than 
we presently haveo 

However, many people do not want to live 
at medium densities for several reasons o For 
instance, they often cite the loss of openness 

and green space, the loss of acoustic and 
visual privacy, and reduced private open space 
as reasons for their dislike of medium densities. 
In other words, they would feel crowded. 
However, if housing developments were built 
of earth sheltered houses instead of detached 
suburban units, we could achieve not only the 
required densities, but also major increases 
in green space (as much as 50% more) as well 
as increases in acoustic and visual privacy. 
I know of no alternative housing pattern that 
better meets the social demands for increased 
housing density and the personal demands for 
quiet, privacy, openness, and abundant green 
surroundings. 

Studies in Housing Alternatives 

There is considerable evidence that our 
cities need to change into new forms, partic
ularly ones with reduced auto dependency. One 
suggestion that such a metamorphosis could be 
of great benefit comes from The Cost of Sprawl, 
a study done in 1974 by the Real Estate 
Research Corporation for HUD, EPA, and FEA. 
If one interprets the data presented in the 
study, we arrive at the curves shown in Figure 2. 
This graph relates the costs of hypothetical 
city sectors built at various housing densities, 
all above ground. The curves suggest that 
housing at 2.2 Dwelling Units per Gross Acre 
(a normal suburban density) has a social cost 
of at least two times that of housing at 6 DU/GA. 

Another bit of evidence comes from a 
study by the Regional Plan Association entitled 
Public Transportation and Land Use Policy,
Indiana University, done in 1977. Interpreting 
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the data from the study summary, Fig. 3 is 
suggested. This graph relates the cost of 
bus transportation at various frequencies 
to housing densities and estimates the range 
of "break even" performance. 

These studies suggest that housing 
densities two or three times that of typical 
suburban densities may hold major benefits 
for our society. Moreover, if one were to 
build at medium densities, of say 6 DU/GA, 
with earth covered buildings, one might 
expect significant reductions in pollution 
and increases in safety as well as efficiency. 

In studies done at the University of 
Texas at Arlington, the idea of earth covered 
housing at urban densities was explored. The 
results came to be called "Urban Hill Villages" 
because of their hilly and village-like 
characteristics. Two of the Hill Village 
layouts are shown in Figs. 4 and 5, which 
depict both sub-grade unit layout as well as 
an overall site plan after the units have 
been covered with earth. The actual sites 
are in Fort Worth and were selected with 
the assistance of the Fort Worth Planning 
Department. Each site was developed as 
earth covered housing at 6 DU/GA. In both 
cases a community setting was emphasized, 
including convenient pathways between dwell
ings and community centers, which ·contained 
facilities from both the public and private 
sectors. Community pathways are largely 
free of vehicular traffic, although the car 
has been accommodated on site. 
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Each Hill Village layout addressed the 
following design goals: 

1. Provision for on-site alternative 
generation of energy equivalent to 
200 s.f. of concentrating collectors 
per dwelling unit. 

2. Provision for on-site sewerage treat
ment using a deep shaft system with 
methane gas and fertilizer plant. 

3. Potential for district utilities 
including hot and cold water, cable 
radio and television communications, 
local telephone and energy service, 
etc. 

4. Open space for agricultural as well 
as other public and private useso 

5. On-site retention of storm water with 
irrigation as the major use, linked 
gray water irrigation systems for 
dwellings. 

6. Exploration of solar ponds. 

7. Parking at 2 spaces per dwelling unito 

8. Neighborhood and village centers 
containing a mix of residential, 
recreational, retail, educational, 
and related uses. 

Although the projects emphasize a commu
nity setting by having internal pathways 
mainly for pedestrian use, the automobile 

remains a major concern. The schemes offer 
a range of alternatives with regard to auto/ 
dwelling proximity. The range includes garages 
adjacent to 50% of units, and garages adjacent 
to some of the units. 

One might best visualize a hill village 
as a series of long low hills, intertwining 
with small open valleys (Fig. 6). .Some valleys 
are for vehicles and some for pedes~rian open 
space. The hills would contain two levels of 
dwellings, all with terraces facing the valleys. 
The hills would be honeycombed with houses, but 
they would appear as wooded hills with walkways 
and terraces. From inside a typical unit, one 
would have abundant views of the hills and 
trees and almost no view of dwellings. 

The setting alone would be an aid to the 
development of a sense of community, so missing 
now in this country. In hill villages people 
would frequently see each other on the walkways 
of the valleys. It is likely that people would 
often take the short walk (4-6 minutes) to the 
shops, bus stops, or schools. By such an 
arrangement of functions, people would have a 
better chance to make contact than they do now, 
and frequency of contact is requisite for per
sonal bonding in a community. Settings that 
encourage a sense of community may well lower 
the incidence of crime and mental health 
problems. While the arguments for hill villages 
do not depend on the goal of community building, 
I believe that the physical layout of housing 
and services can aid in the development of 
real communities. That could be their greatest 
payoff u 



In more objective terms, hill villages 
promise to do the following: 

1. Reduce home heating cooling demands 
by two-thirds. 

2. Require little or no energy for 
habitation in relative comfort. 

3. Provide housing densities compatible 
with economical and convenient pub
lic transit, and with only short 
walks to shops, schools, and ser
vices. 

4. Reduce maintenance and repair costs. 

5. Reduce life cycle costs by 50% 
within 25 years and possibly 300% 
over 100 years. 

f. Enhance security and minimize risk 
of hail, wind, fire, floor and 
radiation hazards; minimize the 
opportunity for break-ins; minimize 
community costs for civil defense. 

7. Reduce long-term environmental impact 
to nearly zero. Major reductions 
would be made in the need for storm 
sewer system, ground water problems 
and pollution, especially 'pollution 
resulting from automobiles and energy 
production. 

8. Increase acoustic and visual privacy. 
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Fig. 6: An urban hill village 
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Fig_ 8: Sec~ion through air and light shaft, earth covered 
residence . 

9. Increase green space to the point of 
providing agriculture within the 
city limits. 

10. Extend useful life of housing units 
indefinitely. 

11. Be compatible with economical use of 
solar energy. 

12. Be compatible with decentralized 
utility plants. 

13. Reduce taxes for streets, street 
maintenance and operation, police, 
fire, mail, utilities, and defense. 

The list of benefits could be made longer, 
but the basic benefits are clear. Almost 
everyone has a favorite story about the comfort 
and safety of a root cellar or basement they 
have known. When one realizes that today we 
can safely keep the moisture and insects out, 
while providing views of the outside, earth 
covered housing becomes more attractive than 
ever before. The use of hill villages is an 
alternative that merits full-scale 'evaluation. 

An Example of an Earth Covered House 

Several earth covered houses, designed 
by the author, have been constructed near 
Fort Worth, Texas. One house was constructed 
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Fig. 10: courtyard entry, with earth covered overhang 
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on a flat site slightly below grade level and 
subsequently covered with a 3 to 7 foot earth 
mound. The house is buried on all sides except 
one, which has a wall of windows facing the 
entry courtyard 0 All major rooms have access 
to this open wall for view, natural light, and 
natural ventilation (Fig. 7). Smaller, servant 
functions such as bathrooms, laundry, and 
kitchen, occur in the rear portion of the 
house, away from the window wall. Additional 
light and ventilation are provided to these 
interior spaces by an air and light shaft 
strategically located in the center of the 
dwelling (Fig. 8). In order to further 
enhance the spacious interior, the ceiling 
slopes up to a central ridge line where the 
air and light shaft is located (Fig. 9). 
The fireplace which appears in Fig. 8 was 
added during construction of the house. Sun 
protection is provided by a generous earth 
covered overhang which protects the glass 
window wall (Fig. 10). 

A poured-in-place reinforced concrete 
structural system was used because of the 
great amount of earth covering. Insulation 
was used only where the outside of the con
crete would be in contact with the air, and 
concrete slabs were moisture proofed in the 
exterior before the earth covering was in
stalled. The light slope of the roof, which 
provides beneficial interior results, also 
tends to divert soil moisture around the 
structure. Exterior views have been controlled 
by careful placement of the site elements o 
The carport/garage has been located to enclose 
the entry courtyard and provide visual and 



Fig. 9: Interior of earth covered residence ~ooK1ng coward 
living room. Note light f 'rom Solar Chimney @ to 
right of fireplace. -Moreland Associates 

' 267 



268 

acoustic privacy to the houseo In addition, 
mounds of earth and large trees have been 
located to block out the public street without 
the use of high wallso Thus, a family space 
is defined and a view created (Figo 11)0 It 
is expected that the house will maintain an 
average interior temperature of 70°F with a 
variation of ± 8°F for seasonal variationso 

Capsule 

Earth covered dwellings, taken on a single 
house basis, offer dwellings which will last 
indefinitely with minor maintenance and oper
ation requirements. Moreover, earth covered 
dwellings taken in concert, as cities or 
sectors of cities, suggest major benefits 
for a societyo In comparison with current 
cities, earth covered settlements could perform 

exceptionally well in several important cate
gories: energy efficiency, pollution reduction, 
material conservation, safety, green space, 
noise reduction, convenience and useful life. 

Earth covered settlements have great 
potential to increase the quality of our 
lives 0 Because the opportunity is so great 
and because such settlements could be used 
for a long time, particular care in planning 
and design is warranted. Indeed, researchers 
are telling us that the way we arrange our 
cities influences our lives in basic ways. 
It may be that careful design of earth covered 
settlements could increase the performance of 
our cities not only in the categories listed 
but also as settings for communities. I 
believe that this could be their greatest 
benefit. 
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Test Data from Two Passive Solar Houses 

Robert Stromberg 

Robert Stromberg received the B.S. (1949) 
and the M.S. in physics (1950) from the Univer
sity of Minnesota. Since that time he has 
been affiliated with the Sandia Laboratories, 
Albuquerque, New Mexico. 

From 1972 to 1973, Mr. Stromberg originated 
the Solar Total Energy Project with National 
Science Foundation and Atomic Energy Commission 
sponsorship. Between 1973 and 1975, he conducted 
studies on solar energy systems, and in 1975 
became involved with 5-MW solar thermal test 
facility planning, and with solar photovoltaic 
program planning. In 1976, he was responsible 
for solar total energy project management, and 
since 1977 has been with the Solar Technical 
Liaison Division of the Sandia Laboratories. 
He is the author of numerous publications and 
reports, and has made a specialty of technical 
presentations on solar energy. 
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TEST DATA FROM TWO PASSIVE SOLAR HOUSES 

Robert Stromberg 

As the result of efforts of many private 
citizens and persons in government, the so-called 
'passive solar building' is beginning to be 

understood and is proving to be an attractive, 
practical, and cost-effective method for lowering 
the energy needs of buildings. Passive tech
niques can offer near-term energy savings as soon 
as the principles are understood and the tech
niques are used by those designing buildings in 
this country. 

Although many general descriptions of 
passive buildings are being published, actual 
instrumented test data are generally unavailable. 
In this paper, test data from two successful 
buildings are presented in an effort to encourage 
the construction of passive system buildings. 

As an indication of recent successes 
of passive buildings, consider the following: 

been 100% heated and cooled since 1973 
with a reported initial incremental 
cost of less than $3200. 

Although work is moving too rapidly for 
a paper such as this to be completely self
consistent, information from several recently 
published documents has been included with the 
hope that all such information will be useful 
in working with this newly rediscovered art. 

Passive vs. Conventional Design Techniques 

A common method for determining the 
heating or air conditioning needs of a building 
has been to establish the heating or cooling 
needs of the building on severe winter or 
summer 'design days.' These design days 
would consist of a cold, sunless day for 
winter and a clear, sunny day for summer. 
The method also assumes that the outside 
temperature is consistent over the entire 24 
hours of the day and proceeds to determine 

1. A 2300 ft 2 home near Santa Fe, NM, 
which utilizes a solar greenhouse 
for heat collection has been heated 
through its first winter with 
electric heating bills consistently 
running less than $20 per month. 

the 'steady-state' losses through the insulation. 

2. A passive solar home in Atascadero, 
California, which employs a roof 
pond with movable insulation, has 

If all winter days were sunless and of 
relatively constant temperature, this method 
would be correct for measuring the total 
energy needs as well as for sizing a furnace . 
However, in many parts of the U. S., not only 
is it frequently sunny on winter days, bu~ 
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the temperature varies considerably throughout 
the day. Since walls and ceilings (especially 
those of heavy masonry construction) store 
relatively large amounts of heat, a consider
able error in cumulative energy consumption 
will result from using the steady-state 
methods. More importantly, the advantages 
offered by such construction features in 
storing heat during the day which is released 
to the air spaces at night will be overlooked 
in steady-state calculations. Organizations 
such as ASHRAE (American Society of Heating, 
Refrigerating, and Air-Conditioning Engineers) 
are now studying methods of including these 
variable or 'transient' effects in the standard 
methods of calculation. 

The method by which a thick masonry 
wall stores the heat from the sun and 
stabilizes the temperature in a room is well 
known. Assuming that the outer surface of a 
12-inch masonry wall reaches its peak tem
perature at noon, a wave of thermal energy 
then moves through the wall, and the peak 
temperature on the inner surface of the 
wall occurs between 6 and 8 p.m. Such a 
natural delay in heating (requiring no con
trols) can minimize the need for an auxiliary 
system to supply heat during the cold of the 
night when thermal losses are at their maximum. 

Passive Solar Building Examples 

The various generic approaches to passive 
solar energy utilization may be categorized 
into five basic groups. 

The first and simplest type of passive 
system is the direct gain approach in which 
one simply has an expanse of glass (usually 
double glass) facing south. The building 
should have considerable thermal mass, either 
a poured concrete floor or a massive masonry 
construction with insulation on the outside. 
The characteristic sun angles result in a 
favorable situation, since the south face is 
exposed to a maximum amount of solar energy 
in the cold winter months when the sun angles 
are low. Both of the houses included in this 
paper rely on direct solar gain to various 
degrees. 

The second type of system is the thermal 
storage wall in which ther thermal storage is 
in a wall which absorbs the solar energy 
after it comes through the glazing and which 
stores the heat energy. The wall is usually 
painted black to enhance absorption qualities 
and may consist either of water in containers 
or a heavy masonry (Trombe) wall. Unit 1, 
First Village employs a modfied form of the 
thermal storage wall. 

A third type of passive system is a 
solar greenhouse, which combines the features 
of direct gain and thermal storage wall tech
niques. For this type of system, one builds a 
greenhouse onto the south side of the building 
with some kind of thermal storage wall between 
the greenhouse and the house. The temperature 
in the greenhouse does not require very good 
control (as long as the plants do not freeze), 
and solar energy normally provides all of the 



heat required for the greenhouse as well as 
providing a substantial amount of energy for 
heating the house. Unit 1, First Village, 
also illustrates the use of the solar green
house technique. 

The fourth type of design is the roof 
pond in which the thermal storage is in the 
ceiling of the building. In this case, 
movable insulation is needed because sun 
angles cause large solar inputs in the summer 
and small inputs in the winter. The system 
provides good natural cooling since the 
movable insulation allows one to take advan
tage of nighttime radiation. The Atascadero 
house has been selected as an example of a 
building utilizing the roof pond technique. 

The fifth type of passive system is a 
natural convective loop. The classic 
thermosiphon water heater fits into this 
category. Although natural convective loops 
which use air as the heat transport fluid 
have also been built and work well, no example 
of this type of system has been included 
in this report because no instrumented test 
data were available for any building utilizing 
a natural convective loop. 

Although there are many other successful 
passive solar buildings which work as well or 
better than those described in this report, 
the following case studies have been selected 
primarily on the basis of availability of 
instrumented test data to demonstrate how well 
the various passive systems have performed. 
These test data are presented along with a 
maximum of pertinent construction information 
for each of the buildings described. 

UNIT 1 FIRST VILLAGE 

Introduction 

First Village is a small planned environ
mental community located 6 miles south of Santa 
Fe, NM. All homes in the community are solar
heated, and all employ water-saving technology 
as well. 

Unit 1 (Fig. 1*) is a 2300 ft 2 , two-story 
house which employs passive gain principles 
along with ,active solar-heating. All rooms 
face onto a large, triangular-shaped, 20-foot
high greenhouse located on the south side of 
the building. The south wall of the greenhouse 
is constructed entirely of glass, and the other 
two walls are constructed of adobe, providing 
thermal mass for the solar storage and separating 
the heat-collection area of the greenhouse 
from the living spaces behind. 

Heated air from the top of the greenhouse 
is circulated by fans through two rock beds 
situated beneath the house and then back into 
the greenhouse. The heat stored in the rock 
beds radiates through the floor, supplementing 
the heat from the greenhouse at night and on 
sunless days. Backup heating is provided by 
baseboard electric heaters regulated by indi
vidual thermostats in each roam. In addition, 
a separate flat-plate collector array is 
located near the house for domestic hot-water 
heating. 

*All illustrations in this section, Fiqs. 1-11, are taken from 
Stromberq and Woodall (1977) Passive solar buildings: A 
compilation of data and results. Sandia Laboratories, A~bu
querque, New Mexico. 
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Fig. 3: unit 1, First Village, view of greenhouse interior 
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Design of House and Solar Heating System 

The overall design of the house was done 
by the architect, William Lumpkins (Sun Mountain 
Design), and the builders, Wayne and Susan 
Nichols (Communico). The solar design, utilizing 
a south-facing greenhouse, mass walls, and fan
powered radiant rock beds, was patterned after 
an early application of these principles by Hal 
Miguel in his Tesuque, NM residence. 

Figure 2 illustrates the floor plan for 
the first and second floors of this house. 
The L-shaped house features three bedrooms 
and two baths on the second floor, and all of 
the bedrooms open onto a balcony which over
looks the greenhouse (Fig. 3). On the first 
floor, a breakfast nook is located at the 
southeast corner to catch the early morning 
warmth, and the living room is conveniently 
located at the southwest corner to accept the 
late afternoon sun. 

The south-facing greenhouse is provided 
with approximately 400 ft 2 of thermopane 
mounted at a 600 angle. The triangular
shaped floor area has a central circular 
staircase located in the north corner with 
a vent window at the top. This staircase 
provides access to the second floor and also 
acts as a chimney to cool the space in summer. 

The south wall of the greenhouse is 
entirely glass; the other two walls are 
adobe (mud bricks 4 inches thick, 10 inches 
wide, and 14 inches long, set with mud mortar) . 
The wall is 14 inches thick at ground level 



and 10 inches at the upper level. The adobe 
walls provide the thermal mass for solar 
storage and separate the heat-collection area 
of the greenhouse from the living spaces. 

One distinguishing feature of this 
house is that the heat-collection area is 
not used as a day-round living space. Although 
the temperature in the greenhouse may drop to 
4S to 480F on a cold (S to ISOF) winter night, 
experience has shown that most plants have 
no trouble with this environment. 

The north-facing side of the house is 
sunk 4.S feet below ground level, and the 
below-grade walls are constructed of 8-inch 
concrete block with all of the cells grouted 
with cement. These walls are waterproofed 
with plastic roofing cement and have 2 inches 
of rigid polystyrene applied to the tar. The 
above-grade walls are constructed of 2- by 
8-inch stud frame on 16-inch centers and are 
insulated with a layer of I.S-inch fiberglass 
batt along with a layer of 6-inch fiberglass 
batt applied with the vapor barrier on the 
interior of the wall. In addition, the 
rear wall is rounded to provide less resis
tance to harsh winter winds. 

Figure 4 illustrates a simplified heating 
diagram for the house. The solar heating 
system has two major components . . The prin
cipal system uses passive gain through the 
south-facing glass to provide direct gain 
to the greenhouse space during the day and 
also to heat the two-story adobe mass wall 
that separates the greenhouse from each of 

Fig. 4: Unit 1, First Village, simplified solar heating 
diagram 

the living spaces. The heat absorbed into this 
mass wall during the day eventually works its way 
through the wall into the living spaces at night. 

One advantage of the mass wall is that 
it acts to average the fluctuations between 
the surface temperature on the darkened adobe 
mass wall during the day and the temperature 
in the unshuttered greenhouse at night. 
These temperatures range from a Il00F surface 
temperature during a sunny day down to about 
4SoF on a very cold (OOF) winter night, with 
an average wall temperature of about 730F. 
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The second component of the solar heating 
system consists of two horizontal rock beds 
located under the living room and dining 
room. These beds are 2 feet deep and 10 feet 
wide, and one is 19 feet long while the other 
is 15 feet long. The rock beds contain 
24 yards of 4- to 6-inch round, riverbed 
rock and are capable of storing enough heat 
to carry the house through several sunless 
days. 

Air is pulled out of the top of the 
greenhouse by two 1/3-hp fans (one for each 
rock bed), blown through the rocks, and 
circulated back into the greenhouse. The 
controls are simple--a differential thermostat 
and two b~ckdraft dampers. 

The heat trapped in the rock bed conducts 
up into the room through a 6-inch concrete 
slab cap and a quarry tile floor. The tem
perature of the floor along with that of 
the rock beds ranges between 850 F during 
the day to about 780 F after a cold night or 
700 F after a sunless day. 

Backup heating is provided by base-board 
electric heaters with individual thermostats 
provided in each room. A two-panel, flat
plate collector array is located near the 
house for domestic hot-water heating. 

Summer cooling is adjusted by high and 
low vents in the greenhouse which may be 
opened to exhaust heat and to draw cooling 
air through the house. In addition, the set
back living spaces are shaded in the summer, 

thus avoiding direct heat gain~ The principal 
contribution to summer comfort is the large 
mass of the building, especially the internal 
adobe mass wall. The average summer temperature 
in Santa Fe is comfortable -- about 700 F ~- but 
day-night fluctuation is large. The building 
mass levels out the fluctuation resulting in 
a comfortable environment. Although the green
house temperatures vary greatly (65 to 950 F), 
the mass wall protects the living spaces from 
these extremes. 

Construction and Cost 

Construction of the house began in January 
1976 and was completed in August 1976 at a 
total cost of approximately $104,000. Part 
of the cost was offset by an $8,000 grant 
(representing about two-thirds of the cost of 
the solar portion of the house) awarded directly 
to the builders by HUD during the first cycle 
of the 1974 Solar Demonstration Act. To the 
best of the builder's knowledge, this house was 
the only primarily passive house funded during 
that cycle and was also the first house in the 
program to be sold. 

Performance 

Test data obtained from 14 different 
points around the home on a Honeywell 16-point 
temperature recorder have shown that the house 
is apparently performing according to design 
requirements. Figure 5 shows a plot of data 
gathered during the period from January 3 to 
January 7, 1977. These data are generally 
representative of the lowest outside temper-



...:... 
v -
:; 
;.... 
;J 

........ ,... 
r.... 
w 
Q . 
,-,.... 
li 
E-

100 . 

gO 

60 

40 

20 

o 

I )ining Hoorn 
Back \\']. 11 

/ 
'\ " , I , ,- , 

I \ 
I ~\ , 

"""""~ "-to' ", , 

"- I " /"-, I A , 
West Corner '" "I \ 
Grec,nhOllS C , " \ 
AmlJlent I 

~, ' I _rAl 

1100 (1/3/77) 

Fig_ 5: Unit 1, First Village, representative temperature 
data, January 3-7, 1977 

First \ ' illage ill 

1/3/77-1/7/77 

\ 

,-
I \ 

I , 

I ' 
I \ 

I , 
I \ 
I~ \ 

\ ~ I "-
'-. I I \ 

" I ~, 

'--, " \ '., 

\ , 
\ 

'-, 
\... , , 

',- I "'""-to 

j GO 

300 

200 

N 
+ 

100 

'
I 

~ 
F--

«I M'===,= 110 

1315 (1/5/77) 

281 



282 

atures normally experienced in the Santa Fe 
area, illustrating the thermal stability of 
the house. During most of the winter, internal 
temperatures both upstairs and downstairs 
normally held in the upper 60s, and the rock 
storage beds (which supply heat through the 
floors) normally maintained a temperature of 
70 to 740p on sunny days. 

Apprehensions of summer overheating due 
to the sloping greenhouse have not been borne 
out. Greenhouse temperatures sometimes 

o reach temperatures of 90 to 95 F near the 
top. However, this sets up a strong convection 
through the large window at the top of the 
stairway preventing any higher temperatures. 
The living spaces are effectively protected 
from the greenhouse by the adobe mass wall. 
The peak temperature observed in the lower 
level of the house during the 1977 summer 
was 750 F despite peak outside temperatures 
of 950 F. Peak afternoon temperatures of 
800p have been recorded in the upstairs 
bedrooms but they quickly drop after sunset 
to 700p or less. 

Operational Cost 

The house has been maintained at com
fortable temperature levels for almost a 
year with minimal cost. Utility bills have 
consistently amounted to less than $10 per 
month even under the most adverse conditions, 
and usually the amounts were minimum service 
charges. 

Observations 

The owners have been very pleased with 
the performance of the house and have exper
ienced only a few minor inconveniences. The 
solar hot-water system has not functioned 
satisfactorily, but this has been attributed 
to a controller malfunction, a condition that 
is being corrected. 

Early concern was expressed that the 
house might overheat at times, but the problem 
has not materialized. 

The builder, Wayne Nichols, has expressed 
some ideas concerning marketing concepts which 
he feels are important to builders and pro
spective buyers. He recommends a systems approach 
to promoting and marketing passive solar homes and 
stresses that new technology must be intro-
duced in the proper context. He believes that 
public acceptance of solar energy concepts will 
come only after they are first presented in 
custom houses and then filter down to tract-
type houses. 

Conclusion 

The solar greenhouse concept employed 
in Unit 1, First Village has worked very 
well. The solar heating system in this 
house is actually a hybrid passive/active one. 
The passive portion of the system heats the 
home and the thermal storage wall on sunny 
days and allows the fans to remove extra heat 



into storage. The active portion of the 
system (the fans) makes it possible to store 
the heat in rock beds to increase the carry
through time of the solar heating. 

THE ATASCADERO HOUSE 

Introduction 

A three-bedroom, two-bath house located 
in Atascadero, California (Fig. 6), was 
designed and built by Harold R. Hay utilizing 
a system which he invented and patented that 
makes use of roof ponds and .movable .insulation 
for solar heating and cooling. The system 
(known as Skytherm) provides 100 percent 
heating and cooling in an area where tem
perature extremes have varied from 100F in 
the winter to 1100F in the summer. 

Fundamentally, the Skytherm system 
uses a metal roof which also serves as the 
ceiling of the room below. The thermal 
resistance of the roof deck is negligible 
(since it is made of relatively light-gauge 
steel), and the water ponds supported by the 
deck are encased in thin plastic bags which 
also have no measurable thermal resistance. 
During the winter, sliding insulating panels 
expose the bags to sunlight during the day 
and cover them at night, controlling heat 
loss.. The bags in turn radiate their heat 
directly to the space below through the 
metal roof. During the summer, the panels 
protect the roof ponds from the sun during 
the day but expose them to the sky at night, 
when the ponds radiate their heat outward 
and thereby cool the house below. 

The Atascadero house is the third proto~ 
type of a natural air~conditioning system 
and has been extensively evaluated by a team 
from California Polytechnic State University, 
San Luis Obispo under a $43,000 grant from the 
U. S. Department of Housing and Urban Develop~ 
ment (HUD). The house has demonstrated 
its ability to stay warm in winter and cool 
in summer without the use of any electric1ty 
other than that used in food preparation, . 
hot-water heating, lighting, and the daily 
movement of the insulating panels. 

Design of House and Solar Heating System 

The initial full~scale test of the 
Skytherm system was conducted in Phoenix, 
Arizona, in 1967~68. The Phoenix test con
firmed the capability of the design to main~ 
tain inside temperatures between 68 and 820 r 
with no supplementary heating or cooling in 
a climate with outdoor temperatures ranging 
from freezing to 11SoF. The Atascadero proj
ect was conceived to confirm the Phoenix test 
results in a regular dwelling occupied by an 
average family and to evaluate design improve
ments and automation. 

On March 23, 1973, a contract was signed 
between California State Polytechnic University 
and HUD to carry out this project. The sub
contract signed with the inventor of the Sky
therm system, Harold Hay, called for him to 
build, at his own expense, a test dwelling 
unit to be occupied by a family throughout 
the year-long evaluation period. The inventor 
retained Architects John Edmisten and Ken 
Haggard to design a dwelling adequate for 
assessment of the system. 
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Figure 7 illustrates the floor plan for 
this 1200 ft2 house. Below the roof line, it 
is very similar to a typical American custom
designed house in both plan and construction 
techniques. 

The foundation is reinforced concrete 
with a slight increase in the size of footings 
over conventional designs to accommodate the 
loads transmitted from the roof pond. The 
floor is a reinforced concrete slab, and 
polystyrene insulation has been applied around 
the exterior perimeter of the footing walls 
and the slab edges. The interior walls run
ning east and west through the house are 
concrete block filled with sand and grouted 
where required by code in this zone III earth
quake area. The exterior walls consist of 
standard wood frame with R-ll insulation. 

The roof is a pre-manufactured, ribbed, 
sheet-steel deck spanning the concrete block 
walls and lintels at 12 ft. intervals. The 
deck (which is water proofed with asphalt 
emulsion coating and a fiberglass mat) acts 
as structure, heat exchanger, and finished 
ceiling. 

PVC bags 20-mils-thick are placed directly 
on the deck and filled with water to serve 
as collector, storage, and heat dissipator. 
An additional top layer of transparent PVC 
was added and the space between this layer 
and the PVC bags is inflated to provide a 
greenhouse effect cover. Movable insulation 
panels (custom-made by the local plumbing 
company) are fixed to metal beams and serve 
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Fig- 8: Solar operation, s~r, Atascadero House 

Fig- 9: Solar oper~tion, winter, Atascadero House 
286 

as the thermal valve for the system. The 
panels, in 8- by l2-ft modules, stack over 
the garage/utility room/lakeview terrace area 
when not covering the roof pond. Operation 
of the panels has been automated by a differ
ential thermostat-thermal model control sys
tem. The total collector area is 1100 ft 2 
and the roof pond has an average depth of 8.5 
i nches (total capacity of approximately 6000 
gallons) . 

The south wall contains no windows (ex- · 
cept in the bathroom), and all windows in the 
house (comprising 21 percent of the total wall 
area) along with the exterior glass doors are 
double pane. 

Thermal losses through the deck, the ceil
ing, and the exposed roof of the carport were 
reduced by insulating the underside of the 
desk in the garage and carport with I-in. thick 
polyurethane metal building insulation. The 
top of the deck was also insulated with 2-in. 
thick polyurethane metal building insulation 
for a distance of 4 feet out from the roof pond. 
In addition, the ceiling of the full bath was 
insulated to prevent condensation during sum
mer months. 

Solar Heating System 

Figures 8 and 9 illustrate the basic 
concept by which the Skytherm system provides 
summer cooling and winter heating. In winter, 
the insulating panels are open by day and 
closed by night in order to collect and retain 
the maximum solar energy. The collected heat 



is radiated uniformly downward from the 
ceiling to heat the spaces below. Heat from 
the ceiling is transferred to the rooms 
primarily by radiation to the floor and 
walls; convection from the ceiling to the 
room air plays a relatively small role in 
the heat-transfer process. 

In summer, panel positions are reversed 
in order to reject solar heat while the water 
beds absorb heat (through the ceiling) which 
infiltrates or is generated in the living 
area. The stacked panels expose the water 
beds at night and allow the water to be 
cooled by convection and radiation to the 
cool night sky. When necessary, the water 
bags may also be flooded with more water to 
add the cooling effect of evaporation. 

Construction and Cost 

The total building costs of the house 
(excluding land, landscaping, and financin~) 
were $39,500. The house contains 1,192 ft 
of interior space and 384 ft 2 of covered 
exterior space (carport and lakeside patio). 
Counting covered exterior square footage at 
one-half the cost for this prototype, the 
house cost is $27.80 per square foot. Custom 
house construction with 'unique' character
istics generally were about $22.50 (1973 
prices) in this area. 

If the Atascadero test house were to be 
redesigned. and rebuilt on the basis of knowl
edge and experience gained, the following 
estimated cost reductions might be expected: 

1. Roof and Air conditioning 
system modification 

2. Tilted modification in 
relation to a flat roof 

3. More intensive bidding 
on the basis of a non
prototype house 

Total cost reduction 

$3,400.00 

600.00 

4,000.00 

$8,0'00.00 

These projected savings might result in a 
house cost (excluding land and financing) of 
approximately $31,500 or about $22.75 per 
square foot at 1973 prices. The differential 
premium over a relatively minimum speculation 
house on this basis would be about $4.00 per 
square foot or $4,800 for a 1,200 ft 2 house. 
Even more substantial savings would occur 
in an area where block construction is a 
most acceptable building medium such as the 
southwestern United States. 

Performance 

Pacific Gas and Electric Company estimates 
that electric utility costs (based on 1973 
data) for a 1,200 square foot house in Atas
cadero were: 

Heating $190.00 

Cooling 90.00 

Total $280.00 (or $23.30 monthly) 
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Southern Calitornia Gas Company est~mates 
that natural gas heat~ng costs for a 1,200 
square foot house would be; 

Heating $85.00 

Cooling 90.00 

Total $175.00 (or $14.50 monthly) 

From May 1, 1974 through September 23, 
1974, the Skytherm nocturnal system maintained 
a medium indoor temperature of approximately 
720 F, while the outdoor daytime daily maximum 
average temperature approached 880 F (Figs. 10 
and 11). No electricity was used for any 
type of supplemental cooling. Thus, over the 
winter and summer test period, Skytherm has 
operated without the use of any energy tor 
supplemental heating or cooling. Therefore, 
Skytherm has a direct dual impact on the 
national energy picture: 

1) A reduction in monthly utility 
bills ranging from about $23.00, 
and 

2) A resultant savings in fossil fuel 
required to generate the electricity 
and/or a direct reduction in the 
consumption of natural gas. 

Operational Cost 

Studies indicate that the breakeven 
points lie between $1.50 and $2.50 per square 
foot in premium cost and between $16.50 and 
$23.00 in monthly utility savings. 



An approximate average would provide a 
breakeven point at $2.00 per square foot 
premium and $24.00 per month in heating and 
cooling costs saved. This means that if 
Skytherm costs $2.00 per square foot more to 
build than a conventional house, and if con
ventional utilities for heating and cooling 
are $24.00 per month, the final investment in 
each house is the same. * 

OWner Observations 

After one year's occupancy of the Skytherm 
house, the family moved back into a convention
ally heated and cooled house. This afforded 
an opportunity for them to recall their ex
perience in a fresher context regarding con
ventional systems: 

1) The house was 'more natural, more 
comfortable, and less dry then 
conventional houses, and felt 
healthier. ' 

2) The Skytherm house was far superior 
in thermal comfort to any housing 
of their experience, and the parents 
would strongly desire to live perma
nently in such a house. 

*For a complete analysis of this study see "Research Evalua
tion of a System of National Air Conditioning," California 
Polytechnic State University, January 1975, HUD Contract No. 
H2026R, p. 168-178. 

3) They recalled not having constantly 
to adjust temperature or clothing to 
maintain a good quality comfort range. 

4) Without concern for utility bills in 
the Skytherm house, they could go 
away on vacation and leave the tem
perature as they wished the house to 
be upon their return. 

5) The parents did feel concern about 
not being able to open windows and 
doors and thought this might become 
a psychological constraint after 
some time. 

6) With many people in the house (i.e., 
a party situation), it was thought 
the air might get stale. A second 
ventilation fan might have given 
greater assurance. 

7) The parents would have liked carpets 
(floor tile 'looks cold') and also a 
fireplace. This could have been 
provided at more cost and with design 
modifications. 

Conclusion 

The elevation of a system of natural air 
conditioning employing roof ponds and movable 
insulation referred to by the trade name 
Skytherm-Southwest has been accomplished using 
a full scale, occupied test house located in 

Atascadero, California, especially designed for 

289 



290 

the system. The work which involved design, 
product development, as well as evaluation 
was performed by an interdisciplinary team 
which utilized private funds of the inventor 
to construct the house, Federal funds for its 
evaluation, and State funds, through the use 
of university facilities for project support. 

The goal of economic 100 percent solar 
heating and night sky cooling of houses 
integrally designed with the Skytherm~South
west system is definitely possible for this 
area having a more severe climate from the 
heating standpoint than Phoenix, Arizona 
where the preceding one-room tests were made. 
It is also of significance that the system 
provided better comfort conditions than those 
generally obtained with standard gas heating 
and conventional home air conditioning. 

Architecturally, the system adapted well 
to a house typical of the majority of single 
family detached houses in the United States. 
The utilization of this system had no negative 
effect on interior space and the building's 
esthetics. No difficulties were encountered 
in getting a building permit, with inspections 
or from mortgage and insurance companies in 
regard to construction of the test house. 
The prototype house roof construction costs 
ran about $5.15 per square foot compared to 
$3.50 per square foot for a typical house in 
the area with a tile or shake roof including 
the cost of heating and air conditioning 
system. Modifications are proposed which 
have the potential of dropping the Skytherm 
cost to approximately that of the conventional 

house. Because the Skytherm system is integral 
with the building structure, it is most suitable 
for new buildings designed with the system in 
mind. 

From a construction viewpoint, the loads 
of the roof ponds created no major problems 
even on a site with expansive soil and in a 
zone 3 earthquake area. Early problem~ with 
roof leaks have been identified and corrected. 
Several additional water-tight roof designs 
have been investigated. The insulation panel 
system and the movement means which cause it 
to act as a 'thermal valve' have proved 
successful at a moderate cost. Their thermal 
efficiency could be increased as a result of 
this evaluation by simple modifications in 
future designs. 

An integrated automation system developed 
as part of this study has functioned well after 
some preliminary problems that are now correc
ted. It has proved to be reliable, efficient, 
and of low cost. 

The thermal performance of the house was 
very positive. The movable insulation system 
supplied 100 percent of the heating and cooling 
requirements of the building during the test 
months. During this time, the system was able 
to keep the indoor temperature between the 
extremes of 660 F and 740 F except during special 
test periods or times of prototype breakdown. 
Even during these exceptional periods the 
temperature never got higher than 790 F or 
lower than 62oF. The indoor temperature at 
the 5-foot level cycled less than 40 F ~aily. 



The vertical temperature stratification in the 
living space was usually less than 50F in the 
winter, and less than lOF in the summer. 

The highest ambient temperature experi
enced during the test period was 1000F in 
July. The 24-hour average daily temperature 
during this month was 730F with a daily 
range between maximum and minimum of about 
32o F. The lowest temperature recorded was 
260F in February 1974. For this month, the 
average daily ambient temperature was 47oF. 

Although the months of November, Decem
ber, and January 1973-74 are not covered in 
the test data reported herein, computer model 
analysis showed that the system would probably 
have been able to keep the indoor temperature 
above the 660F minimum reported above. 

The system was operated with both an 
unglazed and a single-glazed configuration by 
means of an inflatable plastic coyer. Inflation 
w,as necessary in the winter months in order to 
keep the indoor temperature up to the reported 
levels. Without inflation it was estimated 
that the indoor temperature would have dropped 
to near 600 F in the early morning hours. In 
the summer, it was necessary to deflate the 
cover in order to keep the living space 
temperature from approaching 800 F and pulling 
the comfort conditions into the 'siightly 
warm' region of the comfort standards. How
ever, better ventilation and correction of 
panel seals would probably have allowed the 
system to have operated all year in the in
flated configuration. 

The larges"t monthly average heating load 
handled by this application of the system 
was about 124,000 BTU/day in February. The 
largest monthly average cooling load handled 
was about 168,000 BTU/day during July. It 
was estimated that if the test house had had 
a conventional roof, it would have required 
the equivalent of about 12 barrels of oil 
for its yearly heating by gas, and an addi~ 
tional three barrels of oil for electrical -air 
conditioning. 

The experimental house had an overall 
heat transfer coefficient of about 9,500 BTU/ 
degree-day (excluding roof) and an equilibrium 
temperature (ambient temperature for which no 
heating or cooling is required) of about 62o F. 
The collector area was 1110 ft 2 , about the same 
as the floor area. The roof pond average water 
depth was about 8-1/2 inches, corresponding 
to about 6,000 gallons of water. 

The family of five which occupied the 
Atascadero house throughout a year found 
winter heating to be 'distinctly superior' 
to their former gas heating, and cooling to be 
'far superior' to conventional air condition
ing. Lack of blowing air and noise, and the 
constancy, evenness, and 'natural' quality of 
the temperature and humidity were the basis of 
this opinion. The family expressed full satis
faction with the capabilities of the test house 
to meet their comfort range requirements 
and after moving to another city, confirmed 
prior observations, and expressed the desire 
to live permanently in a house of similar thermal 
characteristics. 
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A cost estimate of a Skytherm-Southwest 
house re-designed and built singly on the 
basis of experience gained in this evaluation 
is about $22.75/sq. ft. The Skytherm cost is 
subject to reduction as a result of volume 
purchase of materials, captive production of 
components, and highly organized prefabrica
tion and installation. 

Assuming that the system can be built 
with no premium, a 1,500 sq. ft. house costing 
$30,000 on a $6,000 lot carrying an 8 percent 
mortgage of $28,000, on which $20/month of 
utility cost saved is applied as additional 
payment, would have its loan period reduced 
from 25 to 19.7 years with an interest saving 
of about $13,600. If a $30/month utility 
reinvestment is made possible, the interest 
saving is about $17,500. The apparent break
even point for the system lies at about 
$2/sq. ft. in premium cost and $24 monthly 
utility saving compared with conventional 
houses. 
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RULES OF THUMB FOR PASSIVE SOLAR HEATING* 

Rule of Thumb #1 

"Two to three ft. of south-facing double 
glazing should be used for each BTU/oF-hr of 
additional thermal load (i.e., exclusive of 
the glazing). This will give 70 percent to 
80 percent solar heating in northern New Mexico 
(Los Alamos) for a building kept within the 
range of 65°F to 750 F." 

An example may clarify the use of this 
rule. The first and most essential step is 
to calculate the heat load. This serves not 
only to provide a necessary number, but also 
to emphasize the important components. 

Suppose we have a building having the 
following characteristics: 

*The following "Rules of Thumb for Passive Solar Heating in 
Northern New Mexico," by J. Douglas BalcOlllb of Los Alamos 
Scientific Laboratories, were published in the New Mexico 
Solar Energy Association Bulletin, vol. 2, nos. 5, 6, and 
7 (1977). 



Floor Area 

Walls 

Roof 

Windows 

Foundation 

1320 ft2 (22 ft north-south 
by 60 ft. east-west) 

2- by 6-inch frame, 8-ft. 
high, R-19 batts celotex 
siding 

Shed roof over attic, 8-in. 
loose-fill insulation 

Double panes (east, west, 
and north walls), 5 percent 
of wall area 

Slab on grade, 2-ft-thick 
perimeter insulation (R-IO). 

Suppose further that, after assuming a series 
of R-values, we find the following: 

Walls R 22.0 (U 0.045) 

Ceiling R = 31.0 (U 0.032 

We then determine the overall products of 
the area times the , U value: 

Opaque walls 790 ft2 x 0 0045 36 

t:eiling 1320 ft2 x 0 0032 42 

Windows 42 ft2 x 0.55 23 

Perimeter 164 ft2 x 0017 = 28 

Total Conductance (BTU/h-OF) 129 

Notice that this calculation does not include 
the south (60-ft) wall which is to be the 
collector. 

Now we must add in infiltration. With 
ample caulk as well as proper attention to 
weather-stripping, vestibules, and dampers 
on fireplaces and vents, the throughflow 
might be reduced in cold weather to one-half 
of the air exchange per hour. Since air has 
a specific heat of about 0.014 BTU/ft 3_OF at 
our altitude, the additional heat required 
to warm this throughflow of air is 0.014 x 
10148 ft 3 x 005/h = 71 BTU/h-oF. 

Now we can use Rule of Thumb #1. For 70 
percent solar heating, we estimate that 2 ft2 

of south double-glazing is needed for each 
BTU/h-oF of heat load, which leads to 2 x 200 
400 ft2 of glazing. Fortunately, this is less 
than the 480 ft2 of available south wall area. 
The remaining 80 ft 2 will probably be needed 
for glazing supports, end walls, doors, etc. 

This house will never freeze if sufficient 
thermal storage is usedo It will be about 
70 percent solar heated if auxiliary heat is 
used to keep the interior above 65°F, but it 
can be 100 percent solar heated with some 
tolerance and the use of sweaters. A better 
solution might be a small wood stove to add 
cheer and warmth on those winter evenings. 

It should be pointed out that there is 
a large difference between single and double 
glazing, primarily due to the huge heat loss 
at night through single-glazed windows o 
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Movable insulation can be used to reduce 
heat losses at night and still let solar energy 
in through the glazing during the day. With 
the use of movable insulation, single glazing 
now becomes viable whereas it was not very 
interesting without. 

Rule of Thumb #2 

"A thermal storage capacity of at least 
30 lbs. of water, or 150 lbs. of masonry or 
rock should be used for each square foot of 
south glass. This storage should be located 
in the direct sun. If it is not located in 
the sun, four times more storage is neeced." 

Thermal storage prevents the building 
from overheating during sunny days. The sun's 
heat raises the large mass of material a few 
degrees in temperature rather than raising a 
small mass of building air and fabric to a 
high temperature. This has two benefits: 
1) it greatly increases comfort, and 2) it 
provides a means of saving heat until night. 

, Thermal storage also works in the summer to 
provide a means of saving nighttime coolness 
into the day. More precisely, the excess 
heat accumulated in the daytime is absorbed 
in the building mass and then surrendered 
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to the environment at night. This 'flywheel' 
effect is responsible for the legendary 
ability of adobe buildings to remain cool in 
the summer. In effect, such buildings average 
the temperature over the entire 24 hours of 
the summer day. 

In order to be most effective for winter 
solar heating, thermal storage mass must be 
absorbed directly by the mass for storage, as 
in the case of a water wall or Trombe wall. 
In such a case, the temperature variation of 
the storage mass may be approximately twice 
the temperature variation of the building air. 
If, instead, the storage mass is indirectly 
heated (by building air which has firs~ been 
heated by the sun), then the temperature vari
ations are usually about one-half those of the 
building air. Consequently, direct thermal 
storage will hold roughly four times as much 
heat as indirect storage for the same air
temperature variation. The preceding example 
can be used to illustrate how these principles 
might be applied. 

The building has the following character
istics: 

Floor Area 

Walls 

Roof 

Windows 

South Wall 

1320 ft 2 (22 ft north-south 
by 60 ft east-west) 

R-22 

Shed over attic, R-3l 

Double-glazed (east, west, 
and north) 5 percent of 
wall area 

400 ft2 of double glazing, 
80 ft2 opaque (R-22) 



The thermal load can now be determined: 

Opaque walls 790 ft2 x 0 0045 = 36 

Ceiling 1320 ft2 x 0 0032 42 

Windows (E, W, N) 42 ft2 x 0.550 = 23 

Perimeter 164 ft2 x 0 0 170 28 

Infiltration 10148 ft 2 x 0.014 x 0.5= 71 

Subtotal (BTU/hOF) 200 

South Glazing 400 ft2 x 0055 = 220 

South Opaque Wall 80 ft2 x 0 0 045 4 

Total (BTU/hOF) 424 

The Rule of Thumb indicates that we should 
use either 30 x 400 = 12,000 pounds (1440 
gallons) of water or 150 x 400 = 60,000 pounds 
of rock or masonry for direct thermal storageo 

What happens on a clear winter day? 
The solar radiation transmitted through the 
south wall is roughly 1400 BTU/ft2 over an 
8-hour period for a total of 400 x 1400 = 
560,000 BTU_ If the average ambient temper
ature is 30°F and the average room tempera
ture is 75°F, then the losses ove+ this 
period total only (75-30) x 424 x 8 = 
152,000 BTUo The excess heat to be stored 
is then 560,000-152,000 = 408,000 BTUo 

Where should the thermal storage mass 
be located? This is largely a matter of 
architectural design and personal preference. 
Returning to the example, suppose that the 
designer specifies 15, dark brown, vertical, 
14- by 24-in. adobe columns evenly spaced 
along the south side just behind the glazing; 
a 6 ino concrete slab floor, and 35 ft. of 
8-in.-thick interior adobe mass walls which 
are 8-ft.-high. For an interior air tempera
ture rise of 15°F, we might expect the following 
situation: 

MA •• Teillperature H.at 
Storall· ~ lb) Ri •• (-F) Ca~ac1tl! 

Column. 33,600 • 30 • 0.2 

Floor (S) 36,000 • 15 x 0.2 

Floor (N) 63,000 • x 0.2 

Wall. 22,000 • x 0.2 

Total 154,600 

night. If the average outside temperature is 
5°F during the remaining 16 hours of the day 
and average inside temperature is 65°F, then 

Stored 
Heat 

202,000 

108,000 

63,000 

35,000 

408,000 

the heat loss is (65-5) x 424 x 16 = 407,000 BTU. 

Rule of Thumb #3 

"Shading of south windows should be used 
to reduce summer and fall overheating. One 
effective geometry is a roof overhang which 
will just shade the top of the window at a 
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noon sun elevation of 45° and will fully 
shade the window at a noon sun elevation of 
78°0" 

Rule of Thumb #4 

"The best thickness of a Trombe wall is 
from 12 to 16 inches. The masonry should 
have a high density--at least 100 Ib/ft30 
Thermo-circulation vents can be used to increase 
daytime heating but will not increase night
time minimums. Vents should have lightweight 
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Two Natural Solar Houses 

Oavid A. Wright 

David Wright earned an Associate of 
Architecture degree (1960) from Sierra College, 
Auburn, California, and a B.S. in Architectural 
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San Luis Obispo. He has had wide experience 
with the Peace Corps in Tunisia where he de
signed and completed eight major projects, 
1964-1965, and in Guinea, where he designed 
and began construction of its National Agri
cultural College, 1965-1966. 

Since the early 1970s, Wright's focus has 
been and remains directed toward reshaping 
contemporary architecture to suit future energy 
needs and changing lifestyles. His most recent 
book, Natural Solar Architecture, is a compre
hensive handbook on the principles of passive 
design. Recipient of Sunset Magazine's 
Western AIA horne award, 1977, Wright has designed 
over 75 passive solar projects, lectures widely, 
and has participated in a number of documentary 
films on solar energy. He is presently with the 
SEA Group (Solar Environmental Architecture), 
SEA Ranch, California. 
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TWO NATURAL SOLAR HOUSES 

To create natural solar architecture is 
to approach the design process in a natural 
way. The passive solar concept allows nature 
to operate our space conditioning systems 
with a minimum of mechanical interferenceo 

David Wright 

The idea is to optimize the use of the natural 
elements in a given climate to achieve human 
comfort. We know that the potential exists 
for heating, cooling, and powering our 
dwellings, factories, and office buildings 
by non-mechanical means. The goal of natural 
solar architecture is to minimize the impor
tation of fossil fuels from nation to nation 
or region to region. Our ability, as designers, 
to allow this to happen is limited only by our 
imagination. 

It is far easier to move a heavy object 
by gravity than by brute strength. We must 
exert much effort to push or pull a load up 
a hill. Corning down the other 'side is simply 
a matter of controlled descento Nature 
provides the push and pull in many cases, as 
with the hydrological cycle, winds, tides, 
gravity, and the earth's rotation. A sailboat 
makes the best of wind and current potentials; 
all that is required is control. -By the 
applied knowledge and manipulation to keep 
the craft trimmed, great distances can be 
traveled with minimal effort and energy 
expense. Physical principles may similarly 
be used to heat and cool buildingso 

In most climates, the natural energies 
to heat, cool, ventilate, humidify, and de
humidify structures are available throughout 
the year. The trick is to distribute these 
energies to the times they are needed for
comfort. Since the weather does not adapt to 
our exact needs, our structures must do the 
adapting. Buildings can be designed to accept 
or reject natural energy and to store or 
release it at appropriate times. While the 
earth's seasons are not symmetrical with arch
itectural heating and cooling demands, patterns 
of weather and comfort needs are relatively 
constant from year to year. In the spring a 
building must react differently than it would 
in the fall. Once the architectural designer 
is familiar with these patterns and demands, 
it is not difficult to create buildings that 
interact well with their environrnento 

If we maximize the passive potential for 
each building in each climate zone, our need 
for off~site energy will be greatly reduced. 
In many places it is possible to design and 
build totally self-sufficient structures. In 
others, a great percentage of the needed energy 
support is available. The idea is to do the 
best with what is available, and then augment 
with active solar power, renewable resource 
fuels, or conventional fuels--in that order. 
The end result of conscientious climate design 
is true regional architecture. With the devel
opment of energy-conserving architecture will 
corne the emergence of a logical regionalism. 

301 



302 

Applied engineering, physics, and archi
tecture are constantly refining the parameters 
of what can realistically be accomplished 
passively. The development of appropriate 
materials, design tools, and climate data 
information will greatly increase professional 
knowledge of this design approach. But for 
now we should be aware that passive space 
conditioning applications are potentially 
the most cost effective, most efficient, 
and possibly the most comfortable approach 
to worldwide solar energy use. 

The following example houses have been 
selected to illustrate some approaches to 
natural solar architecture. Both houses are 
located in northern New Mexico, which has 
a semi-arid climate and high elevation, 
making heating in winter the critical design 
criterion, while maintaining a careful balance 
so as to avoid overheating in the summer and 
fall. In both examples a strong attempt has 
been made to use native materials as much as 
possible, and to retain the character and 
detail of the Rio Grande pueblo style archi
tecture prevalent in the area, while at the 
same time taking advantage of recent devel
opments in the field of passive designu The 
examples also tend to blend into the natural 
terrain. This is a fact of microclimate 
design; if a structure is well suited to its 
environment it will appear to belong there. 
Each building, in its own way, is earth inte
grated, taking advantage of the contour and 
exposure of the site to maximize solar 
exposure and to minimize the impact of the 
building on the landscape. Both houses were 
designed by the author. 

The Terry Residence 

This house, made of native adobe block, 
rough sawn timber, and glass, was designed 
as a direct gain solar heated house. A 
unique aspect of the design is the way in 
which the house steps down a southerly-sloping 
hillside in the Sangre de Cristo mountains 
near Santa Fe, New Mexico (Fig. 1, Frontispiece). 
The north-south long axis floor plan is unusual 
for passive solar houses (Fig. 2). The house 
was planned on three stepping levels, designed 
around the client's needs. Each interior 
function is located on the level best suited 
to its comfort zone; the sculpture studio is 
at the bottom where the least solar gain 
occurs and the daytime work is active; living
dining-cooking occurs at the middle level, a 
moderate thermal zone compatible with moderate 
activities in the daytime and evening; sleeping 
and bathing, the most passive activities, take 
place at the highest level and warmest level 
of the house (Figs. 3, 4). 

A temperature differential of 10°F 
between the upper and lower levels is not 
uncommon, due partly to thermal stratification 
within the open plan building. As the air 
is warmed it rises, gradually warming the 
upper levels. As the heat is absorbed in the 
upper structure, the cooled air falls, thus 
causing a subtle convection current which moves 
heat to all parts of the house. 

Heat distribution in the building is 
caused by three basic effects: 



Fig. 2: Plan of Terry residence 
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Fig. 4: Summer view of Terry residence with louvers in place 
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direct radiation: as the low winter 
sun enters through the solar windows 
and strikes the thermal storage mass 

indirect radiation: warmed surfaces 
re-radiate and reflect heat energy 
which in turn strikes other surfaces 
which do not 'see' direct sunlight 

convection; the heated air rises, 
then loses its heat and falls, 
convectively distributing heat 

The south-facing solar glazing was 
sloped at 45° to take advantage of winter 
sun angles and to complement the hillside 
slope. The double-tempered patio door glass 
units, ideally oriented for year round solar 
collection, must be shaded during the summer 
and fall. During the warm season, shading 
louvers (four per level) are placed over 
these skylights to block the overhead sun 
and prevent overheating, while maintaining 
the majestic views and providing daylight 
to the interior. Reflected and ambient 
light coming through the shade louvers allow 
a high quality of natural interior lighting 
without causing overheating. At each level 
on the east and west sides operable windows 
and a high vent at the north allow cross 
ventilation. If solar gain is controlled, 
night ventilation is satisfactory for cooling 
buildings in the Santa Fe area. 

The massive adobe north-south exterior 
walls provide a large amount of thermal mass 
for storing heat. The internal mass can be 
thought of as a huge thermal sponge that 



absorbs incoming or excess heat and holds it, 
slowly releasing it as heat escapes through 
the weatherskin. Additional thermal storage 
walls found on the interior as east-west 
dividers between level changes are made of 
water vessels covered with stucco lath and an 
adobe plaster. These walls, with a high 
thermal capacity due to the specific heat of 
water, are p;imarily solar storage batteries 
ideally located to absorb the incoming winter 
sun and to release their stored heat by radia
tion to the use spaces. Brick flooring over 
sand, a traditional southwest floor, on each 
level also adds to the thermal capacity of the 
structure. 

Rigid insulation is a vital element in 
the successful performance of a passive solar 
house. In the Terry house, rigid polystyrene 
(styrofoam) is used below the 12" deep sand 
subfloor, above a moisture membrane. The 
roof is insulated by 4" rigid polyurethane 
and the 14" adobe walls have 2 inches of 
polyurethane under the exterior stucco coating. 
Thus the entire building acts as a thermos 
bottle filled with thermal mass. The incoming 
solar energy is trapped by the greenhouse 
effect; the heat is absorbed by the thermal 
mass and is retained inside due to the exterior 
insulation. The original plans called for 
rigid insulative interior shutters designed 
to close up the solar skylights on. winter 
nights, but at the owner's option these shutters 
were never installed. The house, over 90 per
cent solar heated, maintains an interior tem
perature range of 620 -7SoF. For the pueblo 

style fireplace, the only auxiliary heating 
source, less than a cord of wood is required 
per year as backup fuel. 

The house is covered with exterior cement 
stucco, a low maintenance finish for adobe 
buildings in colder climates such as Santa Fe 
where adobe-plastered exteriors would absorb 
moisture during the bright sunny days in ~in
ter, then freeze at night during Santa Fe~s 
cold night temperatures. The use of cement 
stucco prevents absorption and thus avoids the 
spalling created by the expansion of freezing 
water. The color finish of the stucco, matched 
to the natural earth at the site, blends the 
building with the landscape and approximates 
the color of a true adobe building, the tradi
tional architectural motif of the area. 

The exterior form of the building was de
signed to take the best advantage of site in
fluences other than sun and view. The north 
side of the house is round in plan (Fig. 2), 
and is earth integrated. Blizzards coming in 
from the northwest slide around the building 
and thus take less heat from the exterior 
weatherskin than from conventional building 
forms. Another interesting exterior shape is 
the curved-stepped wall at the west entry door, 
placed to allow easy access, block incoming 
snow storms and wind, and act as a solar col
lector to absorb and reflect the winter sun 
and so keep the entry free of snow and ice. 

Built in 1975, the house was constructed 
for $27 per square foot and has a floor area 
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of 932 square feet. The house is a successful 
design which performs well and is a prototype 
for many passive solar adobes. The total 
solar collector area is 384 square feet loca
ted on the south-facing skylights. The floor
to-collector ratio is 1.63:1, and the storage 
capacity of the thermal mass is 63,832 BTUoF. 

Cooling for the house is easily accom
plished by natural ventilation aided by the 
cooling flywheel effect of the thermal massive
ness of the interior materials used and the 
chimney effect of the high interior space and 
shape. Other features of the Terry house in
clude: 

water conserving toilets and fixtures 

earth berming 

hand-made native wood furniture, doors, 
and built-ins 

hand-made bathroom tiles 

Suncave (The Fitzgerald Residence) 

This example of a natural solar house, 
designed a year later than the Terry residence 
for the same client and built for resale, is 
also located near Santa Fe (Fig. 5). The de
sign solution reflects a number of unique 
variations due to site and program require
ments, including a market analysis that called 
for a two-bedroom two-bath home on about five 
acres of land. It represents the first com
mercially built passive solar adobe home. 

Suncave is dug into the side of a south
west-facing hill and is partly covered by a 
sod roof. The sloping site and larger floor 
plan required cutting into the hillside. A 
further request for low visibility from the 
neighboring road and a desire for a high de-
gree of thermal integrity suggested the bench
ing of the building into the hillside and the 
earth-covered roof. In order to retain the 
hillside of earth, concrete masonry walls were 
used on the north and east sides. Mpsonry was 
selected rather than poured concrete in order 
to curve the plan form of the walls for aes
thetic reasons. Extensive measures were em
ployed to drain subsurface water from behind 
the retaining walls, as well as to waterproof 
the masonry walls. Two-inch rigid polystyrene 
insulation was placed between the earth and 
retaining wall. The 12" thick retaining wall 
acts as part of the thermal mass of the building. 

The west exterior wall and all interior 
mass walls are made of 14" thick adobe block. 
Exterior insulation is applied to all outside 
walls, as in the Terry house. Interior walls 
are plastered with adobe mud, in most cases its 
natural dark brown color, thus providing a sur
face of good heat conductivity to store the 
sun's energy that washes daily across most in
terior surfaces. In some rooms such as the 
kitchen and dining rooms, however, the adobe 
plaster is painted with two coats of white 
latex paint, increasing the reflection of 
light in the essentially underground rooms of 
the house. Sunlight coming through the clere
story windows is reflected and scattered off 
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Fig. 7: Cross section of Fitzgerald residence 

the white surfaces, g1v1ng a high quality of 
natural light and storing solar heato 

The floor consists of brick on sand 
with rigid polystyrene insulation and a mois
ture membrane below. As in the first Terry 
house, the floor is attractive, durable, and 
acts as thermal storageo The dining/kitchen 
level is a few steps above the southern 
rooms 0 This allows some air convection: as 
the air is heated at the south solar glass 
it rises, moves slowly up to the back level, 

11 

then falls as it gradually cools, and returns 
for another tripo This effect helps distribute 
incoming heat throughout the house. 

The house was designed and built without 
a conventional back-up heating system usually 
required by code for merchant-built homes. 
The concrete block, adobe, and brick act as a 
thermal flywheel, storing direct gain ~olar 
heato A most effective feature of the design 
are the north-south adobe walls between the 
living room and bedroomso These dark colqred 
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walls are ideally located to be struck by 
morning sun on the east and afternoon sun on 
the west; thus both sides absorb and hold 
heat. The heat in turn is radiated out of 
the walls and into the living spaces, unlike 
outside walls that lose half their heat to 
the exterior. Further, these walls not only 
support the roof but are good sound insulation, 
fireproof, and beautiful. 

The main solar gain collectors are the 
south-facing vertical windows into the living 
and bedrooms. Each room has low awning 
windows for natural ventilation. A clerestory 
provides additional solar gain and natural 
light, granting additional illumination to 
the interior spaces (Fig. 6), as well as 
allowing solar heat to the north side of the 
house. certain of the clerestory windows 
are operable to assist the natural ventilation. 
Two skylights which penetrate the north sloping 
sod roof over the dining/kitchen area spot 
natural illumination over the dining table 
and kitchen work area. 

The earth integration and sod roof afford 
reduced building heat loss by decreasing the 
temperature differential between the exterior 
insulation and the surface next to it, as 
well as preventing air infiltration, which is 
a substantial factor in building heat loss. 
Another fact of earth integrat~d buildings is 
that they are quiet. The earth mass attenuates 
sound waves by absorbing and quieting them. 
The sod roof consists of timber beams support
ing 2" roughsawn wood decking, black building 
felt, 2" rigid polyurethane, a 30 mil. Hypalon 

(Synthetic Butyl) membrane, 1" of rigid poly
styrene, and 12" of earth. Sod roofs of only 
12" thickness should be irrigated regularly if 
they are to sustain grass growth. The water
proof roof membrane should be a material that 
resists root penetration and root acids. A 
properly constructed sod roof will last a very 
long time as it will not be affected by the 
usual roof enemies; freeze/thaw, wind, ultra
violet rays, ozone, moisture and point loads. 
Because of the earth covered form, the structure 
blends into the terrain, minimizes heat loss and 
takes optimal advantage of the solar exposure 
and view (Fig. 8). 

The reinforced concrete masonry walls, 
adobe walls, and brick on sand floors consti
tute the main thermal mass of the structure. 
This mass is sufficient to keep the house 
comfortable without back-up heating for 7 days 
in a climate where outside temperatures reach 
-15°F. The house does not incorporate the 
water drum thermal storage used in the previous 
example. Still, the sun annually provides 
about 86 percent of the required heating, and 
less than a cord of wood is needed to maintain 
an interior temperature range of 65°-75°F. 

Suncave has an interior area of 1,385 sq. ft., 
and was built in 1977 at a cost of $45/sq. ft. 
The collector area is 444 sq. ft. of double 
glazing on the south, with minor openings on 
the west, making the floor to collector ratio 
3:1. The total thermal capacity of the house 
is 43,430 BTU/OF. In addition, the house uses 
water conserving toilets and fixtures, a solar 
preheat domestic hot water tank, and ventilating 
skylights. 



Fig. 8: Fitzgerald residence, Santa Fe, New Mexico 

Conclusion 

Things change; today's dreams and visions 
may become tomorrow's reality. As our civi
lization evolves, we should be able to simplify 
our use of technology. Architecture and space 
conditioning systems must change as we modify 
our concepts of energy use. The potential for 
using nature's passive energies to directly 

power all of our basic life-support systems is 
immense. If we approach the design, construc
tion, operation, and maintenance of our struc
tures with an eye to low-temperature thermal 
conversion and lifecycle energy economies, we 
will become aware of different ways of coping 
with our physical world and the universe. We 
are limited only by our imagination. 
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Design Criteria for Desert Housing 

Kenneth N. Clark 

Kenneth Clark received the B. Arch. degree 
(1964) from the University of Illinois, Urbana, 
and the M. Arch. (1966) from the University of 
California, Berkeley where his Master's Thesis 
topic was U. SQ Housing Policy Influences on 
Housing Designo Following a Fulbright-Hays 
postgraduate study of housing policy in 
Yugoslavia (1966-1967) he joined the College 
of Architecture at the University of Arizona 
where he has been an Associate Professor since 
1972. He has been a visiting professor of 
architecture at the Universidad La Salle in 
Mexico City (1976, 1977, 1979) as part of an 
Arizona/La Salle exchange program which he 
established in 19750 

Clark has been involved in several 
studies on the impact and redesign of surface 
mining in southern Arizona and northern Mexico, 
and is the co-author of A Balanced Approach to 
Resource Extraction and Creative Land Develop
ment (1974). He was the Chairman of the 
University of Arizona's Interdisciplinary Seminar 
Series on Housing in the Arid Environment, ; from 
which this book derives. 
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DESIGN CRITERIA FOR DESERT HOUSING 

Kenneth No Clark 

"For the style of buildings ought manifestly to be different in Egypt and Spain, in Pontus and Rome, 
and in countries and regions of various characters. For in one part the earth is oppressed by the sun 
in its course; in another part the earth is far removed from it; in another it is affected by it at a 
moderate distance." 

Deserts and related arid climates have 
an impact and therefore an influence on man's 
house design in a much different way than do 
temperate or tropical climates. In a desperate 
attempt to shield itself from the penetrating 
desert sun, conserve what precious moisture 
there is to be found, and protect itself from 
wind and flood erosion, the desert dwelling 
has to take on a form of its own. Housing 
forms--different in appearance and yet related 
in principle--have been evolved by desert 
dwellers throughout the world and time o The 
trial-and-error methodology used in the past 
to arrive at environmental fit was a serious 
endeavor; if the structure did not shelter 
the inhabitants from the harsh desert forces, 
the penalty was severe o 

Rationale 

There are strong factors that make housing 
in desert zones much different from other 
climates: 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

Vitruvius De Architectura, 1486 

High solar radiation, both direct 
and diffuse, creating a large daily 
range of air temperatures, with 
critical overheating in summer when 
mid-day temperatures of the desert 
floor can reach 140°F 

Lack of moisture; low relative humid
ity, rainfall, and high evaporation 
rate 

High winds and dust pollution 

Topography and native vegetation 

Local building technology, materials, 
forms, traditions 

Cultural lifestyles and preferences 

Energy sources available 

Local economy 
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Desert regions, traditionally underdevel
oped because of the harsh climate and lack of 
water for agricultural pursuits, are currently 
experiencing a tremendous population growth 
and consequent need for development. This 
phenomenon is occurring not only in the de
veloped countries of the world, but in the 
Third World as well. Development of the 
world's deserts has come on the heels of re
cent advances in agricultural technology which 
can turn zones once seen as wasteland and 
barriers to movement, into agriculturally 
productive and often attractive places to 
live. Exploration for mineral and fossil 
fuel resources in arid zones has also brought 
high technology to areas that have for centu
ries remained isolated, as recent discoveries 
of vast oil reserves in the Persian Gulf have 
demonstrated by the creation of new clients 
for desert planning and architecture. Such 
countries, zealous of overnight development, 
have chosen this high technology to adapt and 
make livable the non-desert buildings inappro
priately transplanted from very different cli
mates into their desert environment. 

As a result of this mis-match, the desert 
climate is always regarded as the enemy 
something to be conquered, subdued, or at 
least kept outside. .Concrete and glass high
rise buildings have been appearing all along 
the Persian Gulf, in the desert regions of the 
Mediterranean, and in the American Southwest, 
with the hope that once the central air condi
tioning system has been turned on, the desert 
can be forgotten. This is an expensive and 
short-sighted attitude. 

The tendency to build non-desert buildings 
in the desert is especially apparent in housing 
built in deserts during the past 20 years, Ari
zona's Phoenix and Tucson being prime examples 
of communities where new housing is borrowed 
from other climates and 'adapted' to the desert 
environment by costly mechanical and energy 
means. Here, as in other desert areas world
wide, great numbers of new residents arrive 
daily from other regions of the Uniterl States, 
seeking to duplicate familiar forms and life
styles. Houses from Anywhere, USA, are built 
and air conditioned so that new transplants may 
feel at home and forget the harsh desert cli
mate outside. ('Adapting' a house in this way 
uses four times as much energy (kwh) as cooling 
the same house using mechanical evaporation.) 
Some transplants feel compelled to maintain a 
lawn of green grass; others simply pave their 
front yards with green gravel as a gesture to 
'back home.' Until utility bills and lack of 
water force them to learn to live with the 
desert, neither group will really understand 
how to live with the desert, not just on it. 

The underlying premise for this series of 
studies is that by designing a dwelling in har
mony with its climate -- in this case a hot 
arid one -- the energy required to modify the 
interior environment to acceptable comfort 
levels will be substantially reduced. In some 
of the example houses presented, it has been 
shown that during some seasons, energy expen
ditures to achieve occupant comfort have been 
close to zero. In other examples, occupants 
observed that houses that do not rely upon 
mechanical means for heating or cooling were 



more natural, more comfortable, less dry than 
conventional houses, and actually felt health
ier. 

Although much has been forgotten or per
haps never learned about how to balance a 
deser~ house with its environment, it now is 
imperative to examine how a house can heat or 
cool itself passively, by exploiting the very 
characteristics of the desert climate that 
most uninitiated residents try to avoid. Only 
and when natural systems are not sufficient to 
achieve interior comfort levels, should auxil
iary semi-active and active environmental 
systems be considered. 

This approach is not now being done. 

But by bringing experience from the in
digenous past, when structures and lifestyles 
had to be workable without the use of mechani
cal devices, into a harmonious balance with 
1980 technology, avenues of future design for 
desert housing can be achieved. By linking 
these two sets of experiences with other 
studies on desert climate and its effect on 
shelter, it seems possible to generate a list
ing of general planning and building criteria 
for such design. We must bear in mind that 
so-called desert climates are not identical 
with one another, even when they occur at the 
same latitudes and elevations, so . that sug
gestions from one region may not be applicable 
in entirety to all. Superimposed on this 
stricture, we must be aware too that desert 
responses from one culture may not be appro
priate for the lifestyles or preferences of 
others. 

Design Criteria for Desert Housing 

In one of the most exhaustive and impor
tant studies ever done concerning the effect 
of climate on building, v. Olgyay(1963) tested 
design modifications required for housing in 
hot arid zones in these general categories: 

housing layout: site selection, town 
structure and general arrangement, 
public spaces, landscape and vegetation 

shelter design: house types, plan ar
rangement and orientation, interior 
and color 

building elements: openings and win
dows, walls, roof, shading devices,' 
mechanical equipment 

Additional influences on desert housing 
design are also important: 

comprehensive pre-planning for develop
ment 

lifestyle considerations 

governmental implications 

the current crisis in non-renewable 
energy resources 

the appearance of alternative cooling 
and heating systems 

By discussing criteria in these categories, we 
can touch on the various aspects of desert hous
ing design, from the general layout and neces
sary infrastructure to the detailed treatment 
of openings and windows. It will be app~rent 
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that many criteria will not be directly trans
ferable from one example to another, but since 
we are looking toward an energy-conscious 
future, all potential alternatives will be 
discussed. In the 20 years remaining in this 
century, many areas of the desert world will 
need guidelines to accommodate their rapid 
growth in a way that is responsible to our 
dwindling energy reserves. It is our duty to 
anticipate that growth so that it is planned 
from an understanding of how to live in balance 
with the desert and related climates. 

Directions for Future Development 

For some, the obvious future for desert 
housing will be construed as a step backward 
from the world of high-technology solutions. 
But for others, it will mean that we must start 
learning from the experiences of other older 
desert cultures, and balance that appropriate 
experience with innovative mechanical devices 
to make it appropriate for us. For all of us, 
an energy-conscious future will force us into 
patterns of living and ways of building build
ings that we should have recognized long ago. 
With time running out, we can no longer afford 
to design irresponsibly and incompatibly with 
our desert surroundings. The desert was here 
long before we arrived, and it will be here 
long after we are gone. By achieving a bal
anced state between the desert environment and 
the type of shelter we design for those who oc
cupy it, we can help extend the lifetime of our 
dwindling non-renewable resources, giving us a 
transition period in which to accommodate to 
renewable ones. 

To design effectively for the desert is 
not an easy task, although it is perfectly 
possible to achieve amazing reductions in heat
ing and cooling requirements for a desert 
house by careful study and planning. An il
lustration is Victor Olgyay's adaptation of 
a standard wood frame house of 1225 sq. ft. 
to the Phoenix, Arizona, desert climate by: 

1) changing its orientation 
2) using overhangs and shading glass 
3) substituting masonry walls for heat 

capacity 
4) using a ventilated roof construction 
5) weather-stripping all doors and win

dows 
6) ventilating heat-producing appliances 
7) surrounding the house with cooling 

garden plants 
8) introducing a vegetated enclosed patio 

By modifying the house in these eight 
categories, Olgyay reduced the heat gain of 
this house in the critical summer season by 
42 percent. Additional savings could have 
been obtained by a more efficient housing lay
out, a less vulnerable house type, a variation 
in the use of color, and by selecting a low
energy mechanical system. These criteria can 
now be ascertained before construction by use 
of recently-developed computer simulation of 
house behavior in the desert environment. 

Obviously, quantifiable data will not in
sure that an energy-efficient desert house wil l 
be the ideal prototype in all cultures. Ideal
ly, any house should be a reflection of natural 



symbolic, technological, and human patterns, 
factors that tend to emphasize regional quali
ties in desert dwellings around the world. 
While environmental conditions may be similar 
in many parts of the arid world, the influence 
of local materials and cultural values of par
ticular societies (such as lifestyles and pref
erences) will influence the cultural 'fit' of 
any particular solution. Because too many in
appropriate designs are being imposed on desert 

environments, however, it is time to look for 
new directions in balancing housing for the 
desert. It is hoped that this collection of 
studies and examples of approriate desert 
housing will provide a springboard for the 
serious research and building that must be 
done in the near future. 

We must start today to insure ourselves 
of reaching the day after tomorrow. 

A Summary of Design Criteria presented in this 
book and in related references follows: 
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A. SITE SELECTION CRITERIA** 

Summer (critical season) 

Avoid valley or bowl-like 
settings which tend to 
overheat during day with
out the benefit of cooling 
day breezes. High, exposed 
hillside settings are 
subject to high winds, 
dust pollution, and in
creased solar radiation. 

East and west exposures 
are subject to heat build
up; west-facing slopes 
experience the highest 
annual temperatures of 
any slope orientation. 

Location of site to east 
of a high land feature 
will decrease hours of 
solar exposure and pro
tect from wind and dust. 

Need to cool hot desert 
breezes. 

Winter 

Valley or bowl-like 
settings become cold 
air pools at night and pro
long underheated period. 
High exposed hillside 
settings are good for solar 
heat gain in winter. 

Best winter exposures for 
solar heat gain range from 
SE to SW. 

Location of site on leeward 
side of prominent land fea
ture to block winter winds. 

Bodies of water tend to 
modify temperature extremes 
of adjacent land mass. 

Balance 

Lower hillside locations are 
preferred to take advantage 
of modifying air movements 
in both summer and winter. 
Thermal belts make good sites 
for desert dwellings; these 
belts are located on sloping 
terrain between colder ele
vations (above) and tempera
ture extremes in valley below. 

A south-east facing slope is 
the optimal, allowing good 
winter exposures and blocking 
summer afternoon sun. 

Locate site adjacent to high 
land form in order to thereby 
decrease sun and wind exposure 
and provide a psychological 
"place" in desert vastness. 

Sites located leeward of 
large bodies of water or 
irrigated fields will benefit 
from evapo-transpiration 
cooling and temperature mod
ification. 

Reference or Example 
(* = in this book) 

Miller* 
Sobin* 
Olgyay, V., Design 
with Climate 

Miller* 
Olgyay, V., Design 
with Climate 

Miller* 
Bechtel* 

l>liller* 
Cook* 
Legorreta* 

**Note: Orientations and sun angles given in this section are assumed to be for north-latitude deserts. 



B. TOWN STRUCTURE AND HOUSING ARRANGEMENT CRITERIA 

Summer (critical season) 

A dense housing configur
ation with small shaded 
open spaces is desirable. 
Unit dwellings benefit 
from being grouped for 
mutual protection from 
the sun and heat while 
shading exterior spaces 
between them. Groups 
or clusters of houses 
increase volume effect, 
providing mutual shading 
and minimizing sun exposure. 

Arrange grouped house 
clusters so that east and 
west exposures are mini
mized. 

Tall, massive buildings 
benefit from reduced solar 
exposure to roof while 
providing shade for micro
climate around structure. 
Walls of houses and gar
dens should be tall to 
create shade for exterior 
living and circulation 
spaces. Western exposures 
need to be shielded from 
afternoon sun. 

Need to channel hot summer 
winds around house, while 
allowing nighttime cool 
air to penetrate structure. 

Winter 

A dense configuration is 
desirable, but with un
shaded exposure of south
facing walls; multi-story 
or grouped units benefit 
from reduced heat loss per 
unit. 

Housing should be grouped 
so as to increase southern 
exposures. 

Tall buildings can be placed 
so as to serve as thermal 
heat storage for both inter
ior and exterior spaces with 
the potential of increased 
southern exposure on 2-story 
units. Walls of houses and 
gardens should open to SE, S, 
and SW to allow maximum 
penetration of winter sun. 
High walls that shade ex
terior living areas are 
undesirable. 

Winter winds need to be 
deflected around house and 
exterior living spaces. 

Balance 

The single free-standing house 
is the most difficult to heat 
and cool, because all walls and 
roof must repel heat in summer 
and conserve heat in winter. 
Multistory housing can reduce 
total BTU gain and loss. Optimal 
form for desert individual houses 
would be row houses, carefully 
arranged to provide mutual summer 
and winter protection. 

Design connected house groups 
along their east-west axis, with 
openings to E, SE, S, SW for 
optimal solar protection (summer) 
and solar exposure (winter). 
Avoid facing groups of houses due 
west (undesirable exposure in 
summer). 

Tall, massive structures should 
be closely grouped so that shade 
is cast on public spaces in sum
mer while allowing exposure to 
winter sun for heat build up in 
walls and exterior areas. The 
taller the house walls, the larg
er the courtyard. Two-story or 
stacked continuous units can 
benefit in both summer and winter. 
Orient house and garden walls 
generally north-south, with higher 
walls to west in order to block 
summer afternoon sun. Design 
overhangs and place structures 
to shade walls and walkways only 
during summer season. 

A staggered arrangement of housing 
units with carefully arranged 
planting can discourage unwanted 
winds and encourage desired 
breezes. 

Reference or Example 
(* = in this book) 

Golany* 
Miller* 
Frederickson* 
Saile* 
Sobin* 
Cook* 
Bonine* 
Olgyay, V., Design with 

Climate 

Givoni* 
Saile* 
McHenry* 
Bonine* 
Moreland* 
Bunting, B. Early Archi

tecture in New Mexico. 
Olgyay, V., Design with 

Climate 

Golany* 
Givoni* 
Frederickson* 
Saile* 
Bonine* 
Olgyay, V., Design with 

Climate 

Golany* 
Miller* 
Cook* 
Bechtel* 
Legorreta* 321 
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C. CRITERIA FOR DESIGN OF PUBLIC SPACES 

Summer (critical season) 

Heat build up in man-made 
areas tend to elevate 
temperatures in downtown 
areas, creating undesir
able micro-climatic 
effects. Downtown tem
peratures can average 
8-l0 o F higher than sub
urban temperatures for 
same day. Large concen
trations of parking 
provide a heat sink 
during the day and re
radiate heat throughout 
the night. Parking 
should be covered or at 
least shaded. Large 
parking areas become a 
source of runoff during 
rainy season. 

Walking is considered a 
hardship except in early 
morning or at night. 

Fountains and pools of 
water in public areas 
have a great cooling 
effect and can reduce 
the harshness of the 
desert landscape. 

Winter 

Heat build up in downtown 
areas during underheated 
period can have a positive 
effect by elevating night
time temperatures. Large 
areas of parking increase 
glare from cars and collect 
water during rainy season. 

Walking during day is 
considered healthful and 
a pleasant experience. 

Cooling from evaporating 
water during underheated 
days and nights is to be 
avoided. 

Balance 

Design for summer critical 
condition, by restricting 
impermeable paving to traffic 
areas and heavily used pedes
trian walkways. Break up 
large paved areas with shaded 
areas or with zones of vege
tation and ground cover. 
Locate excessively large areas 
of paving on leeward side 0.£ 
structure so that any heat 
build up will be blown away 
from buildings by summer 
breezes. Break up parking 
into many small bays and 
parking pockets and shade 
with deciduous trees or shading 
constructions. 

Minimize distances between 
public and residential areas, 
and create half or full shade 
for walkways during summer. 

Operate fountain or spray on 
seasonal basis so that public 
spaces do not become uncomfort
ably cool in winter. A summer 
fountain can become a winter 
reflecting pool or heat sink. 

Reference or Example 
(* = in this book) 

Miller* 
Cook * 
Bechtel* 
Legorreta* 

Golany* 
Givoni* 
Bonine* 
Bechtel* 
Moreland* 

Golany* 
Bonine* 



D. LANDSCAPE AND VEGETATION CRITERIA 

Summer (critical season) 

Rapid evapo-transpiration 
of plants in hot sun and 
winds makes standard 
irrigation practices in
effective. 

Create cool air pools 
around house and in patio 
areas. 

Shading walls and windows 
is the most effective 
method of impeding solar 
heat gain on a structure. 

Vegetation can satisfy the 
need for visual privacy, 
glare reduction, reduced 
thermal gain on structure, 
nighttime radiation of 
heated walls. 

Winter 

Need for flooding or irri
gation of non-native plants 
is less critical. 

Protect non-native plants 
from cold winter nighttime 
temperatures. 

Walls and openings on E, 
SE, S, SW do not want to 
be shaded. 

In winter, house needs 
visual privacy, increased 
thermal gain of structure, 
decreased nighttime radi
ation. 

Balance 

Use native or drought-resistant 
imported plants and trees to 
conserve water and to harmonize 
with desert character. Use 
drip irrigation instead of 
flooding or sprinkling; flood 
periodically to rid soil of 
salt build up. Use mulch to 
retard evaporation around root 
zones of plants. Establish 
vegetation zones around struc
ture according to water use. 

Concentrate planted areas in 
oasis fashion, adjacent to 
openings in house wall. Grouping 
vegetation provides efficient 
watering as well as protection 
from summer winds and winter 
frost. 

Deciduous trees should be used 
for shade in summer and trans
parency in winter. Foliage 
density determines the capacity 
to retain warm or cool air, and 
to create microclimatic effects. 

The use of trees and vegetation 
requires proper and studied 
location. Simulate shadow 
seasonal shadow patterns before 
locating trees to insure desired 
shadingQ Misplaced vegetation 
can impede desirable heat loss 
by radiation during summer nights. 

Reference or Example 
(* = in this book) 

Miller* 
Frederickson * 
Miller, James, Design and 

the Desert Environment 
Landscape Architecture 
in the American Southwest. 

Bonine* 
Golany* 
Givoni* 
Sobin* 

Miller* 
Frederickson* 
Cook* 

Golany* 
Miller* 
Cook * 
Olgyay, V., Design with 

Climate 
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D. LANDSCAPE AND VEGETATION CRITERIA (Continued) 

Summer (critical season) 

Shield house from sand 
storms and high winds. 

Large run-off from 
summer rainfall has to 
be channeled. 

Winter 

Deflect winter winds 
a\'~ay from house openings 
and outdoor living areas. 

Run-off from winter rain
fall has to be channeled. 

Balance 

Block unwanted winds by use 
of well-placed earth forms, 
vegetation, and/or architec
tural elements (fences, walls, 
buildings). Vegetated earth 
berms filter out noise and 
dust while deflecting wind. 
Use of shelter belts can block 
unwanted desert winds on flat 
sites--horizontal protection 
will be 5 times the height of 
barrier. 

Rainwater catchment from drives, 
roof, and other paved areas 
should be channeled to vegetated 
areas or stored underground for 
later use. 

Reference or Example 
(* = in this book) 

Miller* 
Givoni* 
Cook * 
Moreland* 
Stromberg* 
Wright* 

Miller* 
Bonine* 



E. CRITERIA FOR SELECTION OF HOUSE TYPE 

Summer (critical season) 

Houses in thermal belt 
have potential of trapping 
cool air movements during 
the night 

Valley houses benefit from 
dense and compact arrange
ment. Free-standing houses 
are to be avoided in desert 
zones due to their exposure 
to climatic extremes on all 
sides and roof. 

Free-standing greenhouse
type structures tend to 
overheat in summer. 

Houses with roof ponds of 
water can provide effec
tive cooling by utilizing 
movable roof panels. 

Winter 

Houses on sloping sites 
receive optimal sun exposure 
when slope is to south and 
open from E to SW. 

Valley houses need protec
tion from accumulating 
cool night air. 

Greenhouse-type structures 
are very effective for 
collecting and storing heat 
in winter. 

Roof ponds of water that 
employ movable roof panels 
can heat house in winter. 

Balance 

For sloping sites in thermal 
belt, design shape of house 
to trap air movements at night 
by form of house or in court
yard, while opening south wall 
to winter sun exposure. 

Build valley houses in close 
proximity, around shaded patios 
in summer and unshaded heat 
absorbing walls in winter which 
will provide a warmer microcli
mate at night. 

Greenhouse-type structures are 
a possible alternative when 
used in conjunction with interior 
heat absorbing masonry walls and 
floors and exterior shading of 
glass to prevent overheating in 
summer. If ventilated, greenhouse 
can induce air circulation through 
other parts of house by thermal 
chimney effect. Separation of 
greenhouse from living areas by 
thermal wall and the use of earth 
berms against exterior walls can 
further reduce impact of summer 
sun. 

Houses with roof ponds of water 
can store heat and cool and 
transfer it to house climate by 
proper manipulation of movable 
roof panels and use of roof/ 
ceiling material which has low 
thermal resistance. 

Reference or Example 
(* = in this book) 

Olgyay, V., Design with 
Climate 

Givoni* 
Frederickson* 
McHenry* 
Bonine* 
Legorreta* 
Stromberg* 

Stromberg* 
Wright* 

Givoni* 
Stromberg* 
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E. CRITERIA FOR SELECTION OF HOUSE TYPE (Continued) 

Reference or Example 
Summer (critical season Winter Balance (* = in this book) 

Earth-integrated houses 
are very effective in 
modifying interior tem
peratures despite summer 
daily extremes. 

Earth-integrated structures 
benefit from modifying effect 
of earth mass on winter tem
peratures. 

Earth masses can be used as 
heat source, heat sink, and 
as insulation of house from 
daily and seasonal tempera
ture changes. Houses that 
are earth-integrated fall 
into 3 general categories: 
a) berm, b) atrium and c) 
hillside. They are all char
acterized by long life, low 
maintenance, and increases 
in safety, open green space, 
and quiet. Life cycle costs 
are very low. Attention must 
be given to structural loading, 
waterproofing, mechanical/ 
lighting, and image concerns. 

Bermed houses are those whose outside walls have earth mounded against them to act as thermal 
modification. Greater differences in house performance can be achieved by constructing a 
structure a half-level below existing grade and then berming earth against the exposed walls. 
This technique for making an earth-integrated house is the least radical and can be used to 
modify the conventional house designs most easily. 

Atrium houses are earth-covered structures whose rooms all open onto a central sunken patio. 
In this type of structure, both walls and roof are covered with earth, and the floor of the 
house is lowered a full level into the site. This type of earth-integrated house works best 
on flat sites. 

Hillside houses are those earth-integrated structures built into the side of a hill. Three 
walls and roof are all in contact with earth, while the fourth side is open for natural light, 
ventilation and view. Optimal slope exposure for these houses is to south or south-east. 
Additional light and ventilation to interior rooms may be achieved by use of ventilating sky
lights or lowered courtyards. A variation of this type may also be built on flat land and covered 
with earth to achieve similar thermal effects. 

Cook * 
Bonine* 
Moreland* 
Arizona, University of 

College of Architecture, 
Campus energy study 

Underground Sp~ce Center, 
Earth Sheltered Housing 
Design 

Frede ri ckson * 
McHenry * 
Legorreta* 
Stromberg* 
Wright* 

Bonine* 
Legorreta* 

Legoretta* 
Moreland* 
Wright* 



F. CRITERIA FOR Ph~ ARRANGEMENT 

Summer (critical season) 

Compact, inward-looking room 
arrangements are best. 
Individual houses arranged 
around a closed green area 
benefit from evapo-transpir
at ion during daytime and re
radiation effects at night. 

Optimal plan ratio 1:1 

Principal orientation of 
house should be 22 0 east of 
south to avoid exposure to 
sun. 

Minimize solar projection 
of roof, because it is the 
most critical house element 
in summer. 

Protect daily living areas 
with heavy heat-delaying 
walls. 

Omit capacity insulation 
in sleeping areas so that 
they can cool off quickly 
after sundown. 

Winter 

Elongate house shape along 
E-W axis to provide maximum 
exposure to south wall to 
winter sun. Houses that 
have courtyards should be 
oriented south for maximum 
solar gain during winter. 

Optimal form elongated in 
E-W axis for increased ex
posure of south wall in 
winter. 

House should face with 
major openings 32 0 east 
of south to maximize 
winter heat gain. 

Minimize solar projection 
so that exterior areas 
will be unshaded in winter. 

Daily living areas should be 
allowed to heat up quickly 
from winter sun. 

Maximize thermal capacity 
of bedroom walls to furnish 
heat to bedrooms throughout 
the night. 

Balance 

Build house as compactly 
as possible around a court
yard facing south. Close 
exposure to west with few 
openings on east. Plan 
courtyard to have summer 
shade and winter sun by 
use of deciduous trees or 
movable roof covers. Walled
in houses can be designed for 
both seasons, provided shading 
devices are properly located. 

Optimal proportion of plan 
dimensions varies from a ratio 
of 1:1.3 to 1:1.6, with elon
gation in E-W direction. 

Compromise orientation for 
major house facade is 25 0 

east of south to favor crit
ical summer season. Figures 
CJiven are for north latitudes. 

~linimize roof area exposed to 
sun in both seasons. Seasonal 
shading may be provided by veg
etation or by exterior shading 
devices that are adjustable 
for sun angle. 

Use glazed south wall protected 
by overhang to allow winter sun 
to heat up heavy masonry inter
ior walls (via greenhouse effect) 
which surround daily living areas. 

Design south Viall of sleetJ-areas 
to collect thermal energy, while 
being p rotected by an overhang. 
West and north walls of sleeping 
areas therefore should b e sur
rounded by operable windows or 
walls with little heat-storing 
capacity. Possibly exchange lo
cation of sleeping and living on 
seasonal basis. 

Reference or Example 
(* = in this book) 

i-1iller* 
Frederickson* 
Sobin* 
Bonine* 
Legorreta* 

Givoni* 
Olgyay, V., Design with 

Climate 

:1iller* 
Olgyay, V., Design with 

Climate 

Legorreta* 
Olgyay, V., Design with 

Climate 

Peck* 
Legorreta* 
Stromberg* 
Wright* 

Bonine* 

~27 



328 

F. CRITERIA FOR PLAN ARRANGEMENT (Continued) 

Reference or Example 
Summer (critical season) Winter Balance (* = in this book) 

Minimize east and west 
exposures during summer 
season. Use uninhabited 
and/or winter-use spaces 
to baffle critical expo
sures. 

Summer use patios should 
be oriented to SE and 
shaded from overhead and 
west exposure. Seasonal 
use of upper and lower 
courtyards has provided 
beneficial results for 
desert climates. 

Remove or separate heat
producing functions from 
house. 

Maximum solar exposure of 
house spaces in winter is 
desirable. East orienta
tion of morning functions 
benefits from heat of 
morning sun in winter. 

Winter patios should open 
to SE, S, and SE and be 
unshaded. 

Heat-producing functions 
are welcome during winter 
season. 

Orient uninhabited or seasonal 
use spaces on west side of 
house, or on roof to baffle 
critical exposures during sum
mer season, while providing 
high solar exposure to winter 
sun. Two-story units are the 
optimal above-ground configur
ation. Protect east exposure 
with deciduous vegetation or 
movable exterior louvers as a 
compromise situation. 

Use deciduous dense trees or 
movable shade devices on west 
of south-facing patio to 
create summer shade and admit 
winter sun. Design summer 
and winter patios as separate 
entities, each with its own 
orientation. Use south-facing 
half-domes to collect warmth 
of winter sun. Winter patio 
temperatures may be increased 
by addition of transparent 
cover, producing a greenhouse 
effect. Use house to block 
hot summer breezes and cold 
winter winds that can destroy 
beneficial micro-climatic 
effects. 

Seasonal use of heat-producing 
work areas as well as seasonal 
use of mechanical equipment 
and types of energy can benefit 
house climate. 

Givoni* 
Sobin* 
Bonine* 

Miller* 
Sobin* 
Bonine* 
Soleri, P., Arcology 



G. INTERIOR CRITERIA 

Reference or Example 
Summer (critical season) Winter Balance (* = in this book) 

Use deep rooms, interior 
rooms, or lowered rooms 
for daytime areas to keep 
uses away from zone of 
heat gain at exterior 
wall. 

Use sleeping porch or 
direct connection of 
nighttime areas to vege
tated shaded patio. 
Rooftop sleeping is 
common in many desert 
regions. 

Ventilated high ceilings 
are useful for layering 
of heat action in passive 
buildings. For mechani
cally cooled spaces, vol
ume should be minimized 
or compartmentalized. 

Lighting should be as 
much by natural means as 
possible, using small, 
carefully protected 
openings. Skylights 
should be small, deep, 
and insulated with 
double ventilated layers. 

East- or south-facing rooms 
are desirable for daily use 
with maximum amount of 
direct heat gain through 
glass or conduction through 
south wall. 

Nighttime areas should be 
oriented away from north 
walls because of heat losses 
in winter. These areas 
benefit from heat storage of 
adjacent south walls. 

High ceilinged spaces suffer 
from layering of heat above 
the room's living level (0-6 
feet). High spaces should 
not be ventilated in winter 
but rather heated air shoulq 
be recycled to lower parts 
of room. 

Maximize natural sunlight 
for both illumination and 
heat gain. Openings need 
to be insulated from night
time heat loss. 

Reverse use of rooms between 
summer and winter, or design 
for critical summer season. 
Concept of summer room zones 
and winter room zones in a 
house can reduce energy con
sumption. 

Open nighttime areas to patio 
in summer, insulate them from 
patio in winter. A properly 
designed exterior space can 
easily satisfy both summer and 
winter criteria. 

Layering of heat in interior 
spaces can be useful in tall 
interior spaces for heat re
cycling (winter) and induced 
ventilation (summer) by high 
operable windows, solar chim
ney, or induced room convec
tion. Place interior func
tions where they are suited 
thermally and for illumination. 
Large spaces with stepped 
levels can benefit from induced 
convection. 

South-facing windows or clere
stories with protecting over
hang calculated to block out 
summer sun will allow winter 
sun to enter and warm interior 
or deep rooms. Modification 
can also be achieved by adjust
able shading integrated with 
window. 

Natural flooring materials have the advantage of absorbing heat in winter while remaining 
cool during the summer season. Materials used: bricks on sand bed with insulation below, 
adobe blocks with oiled surface, clay or ceramic tiles on concrete slab, natural stone. 

Sobin* 
Bonine* 

Bonine* 
Legorreta* 

Peck* 
Legorreta* 
Moreland* 
Stromberg* 
Wright* 

Peck* 
Legorreta* 

Frederickson* 
Wright* 
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H. CRITERIA FOR USE OF COLOR 

Summer (critical season) 

Use reflective white paint 
for east, west walls and 
roof for daytime heat 
reflection. Black has a 
cooling advantage for 
radiation to the summer 
night sky. 

Use dark to medium colors 
on surfaces which reflect 
light and heat towards 
interior rooms. 

South-facing surfaces 
receive a relatively 
small amount of radiation 
in summer. Shade south
facing walls with a 
calculated horizontal 
overhang. 

Interior rooms with little 
natural light benefit from 
less heat gain. 

Winter 

Use dark, heat abosrbing 
colors for east, south, 
and west walls and roof 
for daytime heat collec
tion. Dark roof should be 
insulated against loss of 
heat to winter nighttime 
sky. 

Light colors on south-facing 
exterior walls will reflect 
light and heat to adjacent 
interiors. 

Deep-set surfaces or heat
collecting masses that face 
south can be used to absorb 
heat from the sun. 

Use light, reflective color 
to increase effect of winter 
light. 

Balance 

A compromise situation for hot 
arid zones is to paint east and 
west walls and roof reflective 
white, while making the south
facing walls a heat-absorbing 
darker surface protected by 
calculated overhang. A black 
roof with movable reflective 
panels can also function as a 
passive heating/cooling device 
for both seasons. 

Design envelope of house so 
that interior receives heat 
gain from reflected light in 
winter (from south-facing light 
walls), while summer sun is not 
reflected into interior from 
exterior walls. 

By carefully protecting a south
facing dark wall, summer heat 
gain can be reduced while allow
ing winter heat buildup. 

Paint interior rooms or rooms 
with small openings a light, 
reflective color so that the 
available light is distributed 
throughout the room. Interrupt 
long unlit wall surfaces with 
wells for artificial. 

Reference or Example 
(* = in this book) 

Givoni* 
Stromberg* 

Legorreta* 

Legorreta* 
Wright* 
Olgyay, V., Design with 

Climate 
Stromberg, R.jWoodall,S., 

Passive Solar Build
ings 

Legorreta* 
Wright* 



J. CRITERIA FOR OPENINGS AND WINDOWS 

Reference or Example 
Summer (critical season) Winter Balance (* - in this book) 

Minimize openings in 
general and shade those 
which are necessary. 

Place non-view windows 
high in wall to avoid 
ground-reflected radia
tion. 

All windows should be 
operable to take advan
tage of cool evening air. 

Use window insulation 
to help block out 
intense heat. 

Use small daytime windows 
to reduce heat gain 
through openings. 

A ventilated solar chimney 
will induce flow of air 
through interior spaces 
during hot period. 

Large areas of glazing can 
be a source of solar gain 
on east, south and west 
orientations. 

High, unshaded windows 
or clerestories can 
admit winter sun and 
warm interior spaces. 

All windows should be 
operable to take advan
tage of warm daytime 
temperatures. 

Use nighttime insulation 
on interior of glazing. 

Use flared window open
ings on interior to diffuse 
and increase the effect of 
winter light. 

Skylights can provide 
direct solar gain and 
illumination to interior. 

Minimize and protect openings 
on west and east, while provid
ing south-facing openings with 
overhang or shading during 
summer season. Use horizontal 
shading devices on south-facing 
walls; use movable vertical 
louvers or fixed vertical louvers 
oriented to SE and SW on east and 
west walls, respectively. Re
strict window and door openings 
to north and south walls of 
structure. A few minor openings 
may be tolerated on east. 

Design for both seasonal re
quirements by calculating 
shading for glass during 
summer condition. 

All windows should be care
fully studied for location, 
should be operable, should be 
double glazed and weather
stripped. 

Use interior window insulation, 
which can be removed during 
moderate periods. 

The use of flared window 
openings on interior of 
glazing will minimize glazed 
opening whil e maximizing 
interior lighting condition 
for both seasons. 

Ventilating solar chimney 
and skylights are useful 
in both seasons (open in 
summer, closed in winter) • 
Place skylights to illuminate 
special or interior s paces. 

Givoni* 
Frederickson* 
Peck* 
Sobin* 
Cook* 
Bonine* 
Legorreta* 
Stromberg* 
Wright* 
Olgyay, V., Design with 

Climate 

Bechtel* 

Givoni* 
Peck* 
Stromberg* 
Wright* 

Frederickson * 
Peck* 
Wright* 

Sobin* 
Bonine* 
Legorreta* 
Moreland* 
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K. CRITERIA FOR DESIGN OF EXTERIOR WALL OF HOUSE 

Summer (critical season) 

Thermal impacts (BTU/ft2/ 
day for Phoenix, Arizona) 

east wall 1207 
south wall = 563 
west wall 
north wall 

1207 
452 

Insulation should be 
located on exterior of 
massive wall so that 
thermal properties of 
wall will modify inte
rior temperatures. 

Winter 

Thermal impacts (BTU/ft2/ 
day for Phoenix, Arizona 
east wall 620 
south wall 1606 
west wall 620 
north wall 140 

Insulation should be 
located on exterior of 
massive walls for 
retention of interior 
thermal mass. 

Balance 

Design the house envelope to 
shield east and west from 
summer heat gain, while max
imizing exposure and/or heat 
collection from winter heat 
gain on south. South wall 
must be unshaded during 
winter season. All walls will 
benefit from shading in summer. 
Use of deciduous vegetation 
and trees will offer a variable 
change of lighting conditions 
through seasonal differences 
in transparency 

Place insulation on exterior 
of massive walls to benefit 
from heat or cool storing 
capacity of walls. For earth
sheltered walls, use insulation 
only to a depth of 5 feet to 
gain earth's modifying effects. 
Heat lag required for walls: 

east wall 0 hours 
south wall = 10 hours 
west wall 
north wall 

10 hours 
10 hours or more 

In a desert house designed to balance heat loading in the summer season and cool loading 
during the winter, the achievement of the above heat lag requirements is very important. 
A 12-inch masonry wall, for example, will give 6-8 hours of heat lag. Iranian houses 
were typically constructed of 3-foot thick adobe walls, a massiveness that greatly 
increased the time it took heat to penetrate the wall. Walls of thermal capacity dis
cussed in this book include: mud adobe, rammed earth, fired adobe, cement stabilized 
earth, local stone, concrete masonry, brick, reinforced concrete. It should be noted 
that walls of wood or metal stud, even with insulation, have little or no heat storing 
capacity; with these walls, an interio~' veneer of masonry will help store heat or cool 
to modify house climate. 

Reference or Example 
(* = in this book) 

Miller* 
Frederickson* 
Givoni* 
Sobin* 
Bonine* • 
Olgyay, V. , Design 

with Climate' 

Peck* 
Wright* 
Olgyay, V. , Design 

with Climate 

Frederickson* 
McHenry* 
Bonine* 
Legorreta* 
Moreland* 
Stromberg* 



L. CRITERIA FOR DESIGN OF HOUSE ROOF 

Summer (critical season) 

External thermal impact on 
roof: 2596 BTU/ft2/day. 
(Phoenix, Arizona) 

Shading roof in summer 
is very effective and 
desirable. 

The use of a roof pond 
of water is effective when 
open to nighttime sky and 
closed to daytime sun. 

Winter 

External thermal impact on 
roof: 954 BTU/ft2/day. 
(Phoenix, Arizona) 

Exposed heat-absorbing 
roof preferred, for heat 
transfer to house spaces 
below. 

The use of a roof pond of 
water is beneficial when 
closed to nighttime sky 
and open to daytime sun. 

Balance 

Summer heat needs to be re
flected; winter heat needs 
to be retained. Compromise 
is a roof with heat lag time 
of 12 hours. 

Movable roof panels will 
provide roof shade in summer 
and expose roof to sun's 
heat in winter. Any ventilated 
double roof should be opened 
during summer season and closed 
during winter season. Use of 
an earth cover will modify 
daily temperature changes for 
both summer and winter. 

Movable roof panels may make 
the roof pond system function 
for both conditions. 

Roof surfaces can serve other functions such as providing a surface for solar energy collection, 
summer or winter; and use as a surface for water harvesting for irrigation, storage, or treat
ment for drinking. 

Use of domes or vaults as roof forms are remarkably effective in hot deserts because rounded 
surfaces tend to be more efficient in releasing heat to summer breezes than are flat roofs. 
Vaults are traditionally oriented 900 to the prevailing winds to increase heat loss of the 
structure during the summer. Vaults and domes are material efficient for heavy loadings 
such as would be encountered with an earth roof. An advantage is also realized on the 
interior due to the layering of heated air in the high spaces which can be easily vented 
to the outside. 

Roof materials discussed in this book: adobe, fired adobe, brick, reinforced concrete, 
water bags on metal decking, wood framed with fiberglass insulation, log/decking/polyurethane 
insulation, sand covered, earth covered. 

Reference or Example 
(* = in this book) 

Frederickson* 
Wright* 
Olgyay, V., Design with 

Climate 

Frederickson* 
Moreland* 

Givoni* 
Stromberg* 

Frederickson* 
McHenry* 
Bonine* 
Moreland* 
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M. CRITERIA FOR SHADING DEVICES 

Reference or Example 
Summer (critical season) Winter Balance (* = in this book) 

Shading devices are needed 
to protect openings and 
walls that receive summer 
sun. The object is to 
retard heat build-up in 
the structure so that much 
less heat will have to be 
dealt with on the interior. 
Even the most simple shad
ing device decreases solar 
heat gain through windows 
dramatically. Summer sun 
'sees' mainly roof and 
east and west walls. (see 
previous sections K and L). 

Exterior shading devices 
are the most effective for 
reflecting heat away from 
the structure. Effective
ness is increased by use 
of light, more reflective 
color. Exterior devices 
should be exposed to wind 
convection or ventilated 
at top to avoid heat 
entrapment around windows. 

Shading devices are to be 
minimized in winter, 
possibly used only to block 
out vertical component of 
east or west sun. Sun 'sees' 
mainly south wall and roof 
in winter. (See previous 
sections K and L) • 

Interior devices can be 
effective in winter by 
allowing penetration of 
sun's heat while adjusting 
for glare. 

Design shading devices so that 
they give needed protection in 
summer season while allowing 
sun to warm interior spaces and 
surfaces passively in winter. 
This can be achieved by design
ing any shading device to take 
advantage of large change of 
sun angle in most desert cli
mates. (For example, in Tucson, 
.Arizona the summer sun at mid
day is 81° to the horizontal, 
while during the winter the 
mid-day sun rises only to 35° to 
the horizontal). 

Due to above changes in sun 
angle from summer to winter, it 
is possible to satisfy both 
conditions by careful shading 
design. A combination of exte
rior and interior devices is 
the best compromise. Effective
ness of shading is usually least 
for interior devices and most for 
exterior devices. Shading 
effectiveness can be increased 
35% by choosing an exterior 
device rather than an interior 
one. Ranking them from least 
effective to most effective: 

a) interior venetian blind 
b) interior roller shade 
c) tinted glass 
d) interior insulating curtain 
e) exterior shade screen 
f) exterior metal blind 
g) reflective coating on glass 

surface 
h) trees providing shade to 

house walls 
j) exterior awning 
k) exterior fixed shading 

device 
1) exterior movable device 

(adjustable) 

Peck* 
Olgyay, A. and V., 

Solar Control and 
Shading De vi ces 

Peck* 
Sobin* 
Cook* 
Olgyay, A. and V. , Solar 

Control and Shading 
Devices 



N. CRITERIA FOR ADJUSTING LIFESTYLE TO DESERT CLIMATES 

Reference or Example 
Summer (critical season) Winter Balance (* = in this book) 

Redefine summer con fort 
levels for desert zones, 
from traditional level 
of 72°F. 

Living activities should 
take place during cooler 
parts of the day--early 
morning and evening. 
Concentrate daytime 
activities to take advan
tage of cool interior 
temperatures by using 
cool spaces for more than 
one function. Cooking 
outside or during cool 
part of day will be 
beneficial to house cli
mate. 

Work operable openings to 
capture nightime cool air 
and block out daytime air. 

Redefine winter comfort 
levels from 72°F. 

Living activities should 
take place during warm 
daytime periods, concen
trating nighttime activ
ities in heated spaces, 
centered around cooking/ 
eating function. 

Operable openings should 
be adjusted to admit warm 
daytime temperatures while 
enclosing warmed air at 
night. 

Use 78-82° summer temperature 
range; 65-68°F for winter range. 

Conservation of heat and cool 
can be achieved by seasonal 
change of living patterns that 
respond to seasonal change in 
climate. Concentrate winter 
living functions around heat 
producing spaces; locate 
sleeping and cooking on ex
terior during summer season. 
Keep within the structure 
during the most stressful parts 
of the summer day. 

Working with operable openings 
can reduce dependence on aux
iliary mechanical means of 
heating or cooling. Summer: 
open at night, closed and in
sulated during day. Winter: 
open during day, closed and 
insulated at night. 

Miller* 
Givoni* 

Sobin* 
Bonine* 

Legorreta* 
Olgyay, Victor, Design 

wi th Climate 
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O. CRITERIA FOR ZONING AND BUILDING CODES 

1. Higher densities should be allowed for housing developments in the desert than in non
desert communities. Reasons for this are that desert houses need to be close to each 
other in order to shade house walls, exterior private areas, and exterior public areas. 
In addition, houses benefit from being stacked vertically, even into low-rise configur
ations, because a massive cluster will require less energy for auxiliary heating and 
cooling. Single-family houses should be restricted to small lots to insure cultivation 
of entire surface of property, an act that will reduce dust pollution in residential 
areas. All of the above reasons for density increase of neighborhoods will reduce the 
need for an extended infrastructure to support future growth. 

2. Basic services should be allowed to be more integrated with housing areas. Closer ser
vices will mean a reduced dependence on the car to obtain these services, and an increased 
ability for residents to walk to basic services, along carefully planned and shaded walk
ways. 

3. The design of a local building code must reflect the needs and unique qualities of living 
in the desert. Currently, many desert cities have adopted national building codes which 
set minimum standards of construction for cities across the country. Desert communities 
are unique in that they can be largely constructed from the soil on which they stand, and 
building codes should recognize this potential and not discourage its use. Fortunately, 
some Southwestern states are now allowing the use of adobe as a serious building material. 
Design building codes to recognize regional and cultural differences from place to place. 
Allow reduced HVAC system based on passive efficiency of house. 

4. Self-sufficient water collection, storage, and sewage disposal systems should be encouraged 
for desert residential areas. Rainwater harvesting from roofs and paved areas can greatly 
reduce the need for municipal water. Clearly, runoff should be collected and stored for 
irrigation uses, thus saving at least 50% of municipal water consumption. The use of re
claimed household water (gray water) should be encouraged in desert communities, to be used 
for irrigation. Self-contained sewage systems function well because of the aridity of the 
desert. Septic tank/leaching fields are currently discouraged in many desert communities, 
in favor of "hooking up" to a central sewage disposal facility. Again, the infrastructure 
required for centralized sewage treatment is enormous, and must be constantly extended and 
enlarged as the community grows. Dry organic toilets represent another method of self
contained sewage disposal that does not depend upon a high water use or heavy infrastructure. 

Reference or Example 
(* = in this book) 

Miller* 
Givoni* 
Moreland* 
Olgyay, V., Design 

with Climate 

Bechtel* 
Moreland* 
Olgyay, Victor, Design 

wi th Climate 

Frederickson* 
Saile* 
McHenry* 
Cook* 
Strornberg* 
Wright* 

Miller* 
Givoni* 

~ 



P. CRITERIA FOR MECHANICAL EQUIPMENT 

Summer (critical season) 

Use equipment with high 
operating efficiency, 
with heat generating 
parts vented to outside. 
Ventilate outside heat 
from refrigerator, AIC 
compressors, cooking. 
Insulate or locate hot 
water heaters outside. 

Winter 

Do not vent heat-producing 
equipment to outside. 
Heat bi-product can benefit 
interior temperature in 
winter. 

Balance 

Insulate hot water heater, 
use of solar water heater 
with back-up for winter 
cloudy days, use of gas 
and electricity only during 
winter season; low-energy 
use microwave cooking 
preferred or cook outside 
during summer season; ven
tilate refrigerators, 
clothes dryers, other heat
producing mechanical equip
ment to exterior during 
summer season. 

ASSUMING THAT THE HOUSE HAS BEEN DESIGNED TO BE IN BALANCE WITH BOTH SUMMER AND WINTER DESERT 
CONDITIONS, THE AMOUNT OF ENERGY REQUIRED TO BRING THE HOUSE TO COMFORT LEVELS DURING THOSE 
CRITICAL SEASONS WILL BE REDUCED. Only after achieving the optimal housing design for the 
desert should mechanical heating and cooling systems be considered, and only from among systems 
that operate at a high efficiency level. Recommended are: 

Use passive means of 
cooling including: 
natural evaporation 
cooling, induced 
air movement, storage 
of cool in massive 
elements, use of 
earth berm or cover 
to modify external 
temperatures, night 
convection, and out
going long-wave noc
turnal radiation. 
Roof pond as cooling 
element. Mechanical 
means for cooling: 
mechanical evapora
tive cooling with 
shade cover, roof 
pond as cooling 
element. Combination 
mechanical evapora
tive cooling with 
zoned refrigerated 
air-conditioning as 
back-up for humid 
summer days. 

Passive heating is easier 
to achieve than cooling for 
a desert structure. Means 
include: direct gain 
through south-facing 
glass, thermal storage 
walls (masonry mass, water 
drums, or Trombe wall) , 
solar greenhouse, convec
tive loop radiant heating 
in walls floor or ceiling, 
ClearView collector with 
rock storage, use of earth 
berm 9r cover to modify 
seasonal extremes, roof 
pond as heat collector. 

The most successful desert house 
will be the one which requires 
the least mechanical energy to 
bring it to human comfort levels. 
Natural or passive means should 
be exploited first because they 
are the most cost effective, 
most efficient, and most comfor
table. If the structure needs 
additional mechanical cooling or 
heating, consider: 

Reference or Example 
(* = in this book) 

Campus Energy Study, 
College of Architec
ture, University of 
Arizona, 1979. 
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P. CRITERIA FOR MECHANICAL EQUIPMENT (Continued) 

Summer (critical season) 

Evaporative cooling 

Evaporative cooling 

Evaporative cooling 

Evaporative cooling 

Evaporative cooling 

Roof pond as cooling 
agent 

Winter 

Direct solar gain 

Thermal storage wall 

Solar greenhouse 

ClearView collector 

Solar radiant heating 

Roof pond as heat 
collector 

Balance 

Evaporative cooling (summer) 
with direct gain on heat
absorbing surfaces through 
south-facing glass. Back-up 
fireplace for heating. 

Evaporative cooling (summer), 
with thermal storage wall 
or Trombe wall for heating 
in winter. Back-up fireplace. 

Evaporative cooling (summer), 
solar greenhouse for winter 
heating with back-up fire
place for sunless days. Dur
ing summer, greenhouse will 
be unused or shaded to prevent 
overheating. Greenhouse may 
also be ventilated and used 
as solar chimney in summer. 

Evaporative cooling (summer), 
heating by south-facing Clear
View collectors with rock bed 
storage. Fireplace for back
up heating. 

Evaporative cooling (summer), 
convective loop solar heating 
in floor slab, walls, or ceil
ing during winter. Fireplace 
for back-up heating. 

Roof pond house has been found 
to be effective for both 
seasons; reliance on movable 
roof panels for control of water 
temperature. 

Reference or Example 
(* = in this book) 

Peck* 
Stromberg* 
Wright* 

Stromberg* 
Wright* 

Stromberg* 
Wright* 

Peck* 

Stromberg* 

Stromberg* 

HIGH TECHNOLOGY MECHANICAL SYSTEMS FOR HEATING AND COOLING (high costs for both investment and maintenance) 

Refrigerated air
conditioning, heat 
pumps for cooling/ 
heating, Lithium 
bromide cooling 
system with solar 
panels, solar ab
sorption cooling . 

Heat pumps for cooling/ 
heating, forced-air gas 
and e lectric systems, 
electric and water radiant 
heating. 

Select energy-conserving units 
that are correctly sized for 
calculated BTU loading of house. 
Cle arly, the size of r e quired 
unit will b e substantially re
duced for a balanced desert 
house. 

ASH RAE , Handbook of 
Fundamental~ 

McGuiness and Stein, 
Mechanical and 
Electrical Equipment 
for Buildings. 



American Society of Heating, Refrigerating and 
Air-Conditioning Engineers (1972) Handbook of 

fundamentals. ASHRAE, New York. 688 p. 
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ADDITIONAL PUBLICATIONS ON ARID LANDS 

Office of Arid Lands Studies 

Seventy-Five Years of Arid Lands Research at the 
University of Arizona . A Selective Bibliography, 
1891 -1965 

Arid Lands Abstracts , no . 3 (1972) - no . 8 (1976) 
Jojoba and Its Uses, An International Conference , 1972 
Arid Lands Resource Information Papers . 

no . 1 (1972) - no . 14 (1978) 
An International Conference on the Utilization of 

Guayule , 1975 
Application of Technology in Developing Countries (1977) 
Desertification : A World Bibliography (1976) 
Desertification : Process , Problems, Perspectives (1976) 
Arid Lands Newsletter, no . 1, 1975 - to date 
Jojoba Happenings, no . 1, 1972 - to date 

(calendar year subscriptions $10) 
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