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Abstract

Mzab settlements are a group of five towns implanted along the valley of Mzab in the south of Algena. They were developed in response
to site and climatic constraints and adjusicd well to rational urbanization for many centuries. Traditional ways of adaptation to these
conditions werc based on ecosystem balance management and on efficient exploitation of natural resources, The sites are selected to assist
defense, to benefit from summer breezes and to promote natural drainage, whilst providing shelter from the sun and adapting generally to
severe local climate. Rapid growth and structural changes in the local economy, coupled with accelerated urbanization gencrated a vancty
of significant ¢cnvironmental preblems such as perturbation of environmental hydrology, pollution and thermal discomfort. The 1mpact of
these problems upon the well-being of the inhabitants have become a major preoccupation. The most important aspect of Mzab structural
characteristics is the transilion from traditional into a madern structure and the observation of a fast transformation process from the
cconamic sectors. A preat deal has been written about history, architectural and town planning principles for Mzab settlements in Bouchair
and Dupagne (Building Environ. (2003), 1o be published) [1]. However, much remains v be dealt with and elucidated concerning the
ecosystem and ecological balance of the Mzab area. In this paper, we try to demonstrate the role of traditional practices for mamntamimyg
ccosystem halance and protecting natural environment in the Mzab valley. Also, discussed and analyzed are the degradation of traditional

practices of environmental control and its implications upon the ceosystem balance and the thermal comfort for the inhabitants,
© 2004 Elscyvier Ltd. All rights reserved.
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1. Introduction been in unprecedented decline 1o the last few decades. The

multiplication of mineral sutfaces: such as bitumen roads
and paved areas, new urban structurcs and human activi-
ties has considerably developed and these have reduced the
capacity of the urban environment to face the new environ-
mental problems. Especially, in an arca which 1s character-
ized with very harsh climatic conditions. Its atmosphere 1s
very dry and this gives a significant potential of evaporation,
The rainfalls are very low and irregular giving a mean an-
nual value of 60 mm. The precipitation fluctuates between

Mzab settlements are a group of live towns (El Atteul,
Bounoura, Beni-lIzgen, Melika and Ghardaia) divided into
three administrative units or communes, which by their
position along the Mzab valley form a coherent geograph-
ical unity. In the last fow decades, the urbanization of the
valley has exacerbated and has developed a number of en-
vironmental problems from which the most important are:
perturbation of the environment hydrology, pollution and

the urban heat istand. The new urban growth, which takes
place on the valley blanket, caused the perturbation of the
microenvironment by the new material used, by the indus-
trial activities, which have developed, and by the regression
of vegetation. This has direct impact upon the public health,
and thermal discomfort and on the cnergy consumption 1n
buildings. Traditional practices, which developed in the
past to mcet urbanization and chmatic requirements, have
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a maximum of 120 mm and a minimum of 20 mm. Rainfall
could only occur any time between October and February.
The number of days of rainfall per year do not exceed 15
days. Solar radiation and temperature are high 10 summer
time and relaavely low in winter. The mean temperaturc in
July is 35°C with a maximum of 45°C and a minimum of
27°C. In January, the mean temperature of the ambient air
is about 10°C with a maximum of 20°C and a minimum of
3°C. In winter, the prevailing winds come from the N-W
and they are cool and humid. The mean wind speed in Jan-
pary is 12 km/h with a maximum of 29 km/h. In summecr,
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the prevailing winds come from east and they are hot and
dry. The mean wind speed in July 1s 13 km/h with a maxi-
mum of 29 kin/h [2].

The fundamental elements for the establishment of the hu-
man ecosystem of Mzab are: water, food and shelter. Food
may be transported more easily than watcr and shelter. For
Mzab, inadequate local production at first led to trade with
the surrounding nomadic population. Eventually, this devel-
oped into a network of commercial exchange with the North
of Algeria. Water supply was mainly based upon occasional
rainfalls during winter and underground water ot the val-
ley. Sheclter is built in response to a harsh local climate to
offer comfortable living conditions both inside and outsidc
the home. The site 1s selected with an eye to environmen-
tal protcction, cspecially for security, promotion ot natural
drainapge and to henefit from summer breczes. Bulldings are
built compactly from locally available matcnals, such as
plaster, mud, stones and palm branches. Streets are narrow,
irregular and generally covered to avoud direct exposure to
sunrays, glare and sandstorms. Each house has a courtyard,
which serves both family life and thermal control. Outside
spaces such as roofs arc designed to be used for sleeping
at night, Palm groves modify the local microclimate and
provide protection from sandstorms and dust. Expansion of
traditional settlements responded well to the slow increase
of population and planning and design relied on traditional
skills and knowlcdge. The homogeneity of the site, the har-
monic development of the settlements and the ccosystem
balance are thus preserved. But in the last live decades, the
discovery of oil and pas fields, artesian wells, the construc-
tion of a traffic infrastructure, the introduction of new indus-
tty and the implementation of new administrative units have
areatly affected the regional cconomy. The population has
increased significantly; largely due to migration from other
regions. The urbanization of the valley has increased, and
has rcsulted in the rise of new building and the decline of
traditional urban forms and vemnacular architectural values.

The Mzab ccosystem is undergoing rapid change and 1s
being challenped everywhere, at an unprecedented rate and
on a scale which raises grave concerns for the environment.
This paper is a complementary work to the hirst one pre-
sented in {1]. It is largely based upon ficld survey and site
cbservation, through which it is hoped to achicve better un-
derstanding of the design aspects and the peculianties of
traditional Mzab practices in relation to the natural environ-
ment. Also, discussed are the impact of the modern urban-
ization and social activities and the consequent degradation
of the microcnvironment in recent decades. Strategies and
solutions to meet these challenges and to reduce or repatr
the damages are proposed.

2. Traditional practices for ecosystem and
microcnvironment contrel in the valley of Mzab

For their hcalth and well-being, Mzab inhabitants have
put great cifort into maintaining the ccological balance and

the sustainability of their ecosystem, which embraces both
the animate and hanimate components of theiwr environ-
ment. The principal ways by which Mzab pcople manage
their ccosystem are: control of the communtty growth,
climatic-responsive shelters, water resources and supply
management, plantation and use of low waste methods,

2.1, Controf of the community growth

Population was once kept 1o balance by varlations in the
death rate, or by emigration to establish new settlements.
This, in fact, is how the five settlements of the Mzab were
founded. A community which has rcached the point of cul-
mination and which has expenenced no form of release 13
likely to settle into a condition of stagnation. [ts natural sur-
plus of population is forced to emigrate. This 15 justified by
the fact that the Mzab settlements were built successively,
onc after the other. El-Atteuf buile in 1012 AR, Bounoura
built in 1046 AD, Ghardaia in 1053 AD, Melika 1n 1124
AD and Beni-lzgen in 1347 AD. Three centuries later, away
from the Mzab valley, Guerara was built 1n 1630 AL} and Be-
rianc was built in 1679 AD. In 1879 AD, Coyne [3] estimated
the population of El-Atteuf to be 2500 inhabitants, Bounoura
1500 inhabitants, Melika 1200 inhabitants, Beni-Izgen 3500
inhabitants and Ghardaia 11 000 inhabitants.

2.2, Climatic-responsive sheltery

¥ zab inhabitants, as most people of hot chmates, have
learned from long expericnce various ways of mamtaining
comfort inside dwellings. Much has been done to reduce the
discomfort by the usce of courtyards, use of local materials,

shading from dircct sunlight, and by adaptation to climatic
patterns.

2.2.1. The use of topography

Mzab could have known from their long experience in the
descrt that topography can modify microclimate. Basin val-
leys rcflect and concentrate the solar radiation while cooling
air movement is impeded. Mzab settlements are built either
on slope of the valley or on top of hills. El-Atteuf, Bounoura
and Beni-lzgen are built on slopes of the valley. Melika 1s
built on top of a piton. Ghardaia, which is surrounded by
the valley slopes, is built on top of a hill. Fig. 1 shows di-
agrams of the way the topography is exploited to deal with
cnvironmental problems.

2.2.2. Minimization of surface exposure {0 direct sun
Surfacc cxposure to direct sun and heat gain through
building surfaces 1s reduced by:

e Compact cellular layout with unexposed common walls
in Ksurs. Fig. 2 shows the lay out plan of Ghardaia as a
typical example.

» Blind external walls to reduce radiation through windows.
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(b)

Fig. 1. Diagrams showing how the topography of the sile is cxploited
to well adapt with the natural environment (a—site plan, b -seclions
lhrough the Ksurs and the sites).

Fig. 2. Mass plan of Ghardaia as a typical compact cellular lay out.

2.2.3. Use of local materiafs

Shelter is an essential factor in the stability of Mzab so-
ciety, so that much importance is given to its durability.
This has been achieved in the methods of construction and
building material used. The scttlements are built ot locally

L

Fip. 3. Phowpgraph showing a typical ceiling constructed with palm
branches joined together and arranped belween timber bearers.,

availablc materials like stone, wood, hme, clay or mud, n
harmony with the environment. Random stene walling in
lime mortar is used, the lime or “rimchemi™ being extractled
from calcarecus rocks {pray, red or white color)} abundantly
found at a depth of about 0.3 m on the plateau which dom-
inalc the valleys of Mzab. The lime extracted 1s fired and
dried in small traditional ovens. 1t dries quickly and has high
resistance and cohcsion. Wood is cut from palm trees and
used in becams, windows and doors.

The building walls are 1 m thick at the base and reduce to
about 0.2 m at the roof level, and may be faced or rendered
with lime plaster. They are laid directly upon rocky soil.
Largc random-sized blocks in lime mortar arc used in foun-
dations and walls, which carry floors and flat roots. Thick
walls and roofs work as insulators and rescrvoirs of heat
during the day. Heavy buildings provide relatively comfort-
ablc internal spaces during the day and reduce fluctuation
of intcrnal temperature, Unfortunately, in the evening much
of the stored heat is admitted to the nside of the buildings
causing discomfort. In summer nights, the temperature in-
side buildings reaches 30—40°C. This is why the inhabitants
during this season migrate to the palm groves. But for in-
habitants who have no homes in the gardens use the base-
ments to perform evening activitics and at night they use the
roofs for sleeping to catch breezes and radiative coolness of
the sky,

Floors are constructed with palm branches joined together
and arranged beoween timber bearers. With such materials,
thermal and acoustic insulation s provided. Fig. 3 shows a
typical ceiling constructed from palm branches and nmber
beams. The timber bearers are usually about 2 m long and
separated from cach other by 0.3—0.4 m. They span between
plates on the load-bearing walls. Arches and semicircular
stone vaults arc also used, supporting stone Roors bound
with lime mortar with a top layer of compact mud about
0.2 m thick to improve thermal 1nsulation.

2.2.4. Use of high-alhedo surfaces for the building
envelope

In order to reducc surface absorptivity to solar radiation
and can thereforc greatly reduce building cooling loads,
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Mzab inhabitants use high-albedo surfaces and materials that
are more reflective of the solar radiation, The roofs, revet-
ment and walls arc covered with hime plaster and white-
washed or painted a light celor, tight blue or yellow,

2.2.5. Adaptation to climatic putlerns

In addition to the role of the courtyard 1o providing com-
fort, daily activitics arc adapted in responsc to climatic pat-
terns:

s Within the dwelling, the family usc the roof of the house
for sleeping in the open air in the summer nmights. The
roof is usually subdivided with partitions to provide sepa-
rate spaces for children, parcnts and guests. Parapet walls,
which also enclose the roof arca, are butlt high above the
roof for visual protection of the family and to provide
shade.

e Outside the dwelling, inhabitants move from Ksurs to city
gardens during summer, and vice versa durlng winter.
This movement has been reduced significantly due to the
housing shortage.

e Commercial, cultural and other social activities take place
in the moming and late evening, during which time the
outside conditions ure comfortable.

2.2.6. The courtyard

It is also used for thermal regulation. It allows air move-
ment within the dwelling. This caused by the temperature
difference between cool air within the shady streets, and hot
air within the courtyard. Hot air within the courtyard moves
upwards, from first floor ground through the top openimg,
Shebek, to other upper [loors 1nto the external atmosphere,
and is replaced by cooler outside air. The position of the
courtyard within the dwelling makes it much quieter than
the alleyways. It is less open in the lower than in the upper
levels, and is divided into two. One part 1s open upwards
for light and ventilatton, and the other is a covercd walk or
porch. The porch, which i1s used for various family activities,
is a balcony which partially or totally surrounds 1t in ordet
to minimizec direct solar gain. Fig. 4 shows a schematic dia-
gram showing how courtyard functions to maintain thermal
regulation in a typical Mzab dwelling.

2 3. Water resources and supply mandagement

Water has been a major preoccupation ol the Mzab com-
munity. It has played a crucial role in nurturing the veg-
ctation, in social life and religion. Drinking, washing and
bathing were, of course, important factors in the daily battle
against heat and dust.

Water resoutces in Mzab are divided inte two Kinds:

o Surfave water: which flows mm wadis and springs
which depends on rainfall and 1t contributes partly to
groundwater.

|
d.h,z

-
) e—
d.c.a -!
.

Fig. 4. Schematic diagram showing how a courlyard 1s used to regulate
thermal environment of a typical Mzab dwelling (key: n=mght, ¢ —cuool,
n = hot, a == air, d = day).

o Gronndwater: including surface groundwater, and renew-
able groundwater resources which depends on the annual
rainfall. [t is situated at a depth of 10-50 m.

o Deep groundwater (nonrenewable): It is the water which
is stored in aguifers, throughout old times inside carth
and it is found under renewable groundwater aquifers at
a depth of 400-500 m. The volume of its water depends
on the thickness and storage capacity of the ground layer
in which it is found, and on thc horizontal laycut of the
laver.

Facing water scarcity, Mzab community arranged the val-
ley to exploit every available drop of water, as follows:

2.3.1. Water for domestic use

Wells were dug throughout the valley plateau, 1n the Ksurs
and in Ciy gardens to supply drinking water. The depth
of the surface groundwater levels vary, penerally, from [0
to S0 m (less deep as we go down the valley). The wells
ate lined with stones and they arc capped with a tradi-
tional mechanism—two pillars to which is fixed a honzontal
bar supporting a metal pulley. In the courtyard of Melika
mosque, cxists the deepest well in Mzab (about 55 m deep)
and 1s the only one there.

Unfortunately, in the last few decadcs, these wells were
abandoned and were replaced by a modern net of water sup-
ply managed by public authorities. The water 1s driven from
aquifer groundwater at a depth of 500 m. The deep ground
tablc 15 a large reservoir under the Mzab wvalley blanket.
This is linked to reservoirs at high lands around the valley
before it arrives to population. These reservolrs occupy po-
sitions which have a negative impact upon the harmony of
the environment and dominate the ksurs and watch towers
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Fig. 5. Surface water net supplying the valley and how it 18 captured and exploited.

which have been built by the principle to be the dominant
elements. Onc of the greatest problem which taces the en-
vironment 1s that the deep groundwater level 1s 10 continual
reduction in quantity of water and 1 day will be insufficient,
cspecially with the degradation of traditional ways of col-
lecting surface waters and the supply of superficial wells,
and further more the occupation of the old sites {dumps,
wads and wells) for this purpose by urbanization,

2.3.2. Water for irrigation
Various systems for capturing, controlling and distnbut-
ing water for irrigation have been developed, including:

¢ Rainwater falling directly upon the valley plateau or on
top of hills is channeled downward to be diverted for
irrigation with the surplus tumed back to be stored 1n
dams ot to the valley (Fig. §}).

¢ In order to reduce soil crosion due o runoff on bare land,
and to feed the underground water table during occasional
rainy periods, water movement in the valley 1s controlled
by constructing stone walls or embankments along the
vallcy. These walls are built sohdly of stone with lime or
cement (Fig. ). Partial high pressure of the water 1s weak-
ened by the construction of the breakers {{Fssembad}}.
Fig. 7 shows Essembad to break excessive water pressure
for Ghardaia garden city,

¢ In genecral, erosion is the source of sediment that fills
strcams, pollutes water, kills aquatic life, and shortens
the useful life of dams and reservoirs. These walls reduce
the pressure of floods and avoid destruction. They also
capture and delay water loss downstream from two or
three days, to a month. Excess flow is diverted to replenish
wells, Fig, 8 shows water diverters.

e The irrigation of palm groves is by underground
open-ended tunncls. Distribution is by gravity only. The
tunnels arc covercd with Hal stones and extend tor hun-

Fig. 6. Photopraph showing walls across the valley to collect water, reduce
floods pressure and avend destruction.

Fig. 7. Photograph showing water distnbution system [ Essembau) 10
hreak cxcessive water pressure for Ghardaia garden city at [¢) position
in Fig, 14

dreds of mcters and lined wiath locally prepared gypsum
or “Timchemt”. They are generally grouped together at
inlets (Fig, 9) and separate towards outlets (Fig. 10). The
sections of tunnels change towards the outlets, and there
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Fip. 8. Photograph showing typical water surplus deviator from canal (a)
into dam (b) (see Fig. 14).

canbank ment

rndeE

I

p—

Fig. 9. Photograph showing the inlet of channels at {c) position
Fip. 14.

outlet

Fig. 10. Photograph showing the outlet of an underground tumnel at (c)
position in Fig. 14.

arc sumps al intervals to assist ventilation and mainte-
nance {Fig. 11). Sump intervals, shape and dimensions
arc determined by the rule of thumb. Each wnnel 1ssucs
into a district of city gardcns where the alleyways arc
arranged in inclined channels (Fig. 12). To allow better
drainage, some openings arc arranged on the lower side
of the wall of each garden, sized in relation to (s arca, the
nurmber of palm trees, so that each receives the quantity
of water required. Fig. 13 is a site plan showing how rain-
water is captured and driven to gardens and dams. Fig. 14
is a typical schematic diagram showing how ramwa-
ter is channeled and distributed to irigate Ghardala
gardens.

Fie. 11, Photograph showing sumps to assist ventilation and maintenance
at {d} position in Fig. 14: (at—Traditional, hm—NModem ).

Tissembet

Fig. 12. Photograph showing typical alley way used for water dramage
and pedestrians at the same time in gardens at {£) and (g) position In
Fig. 14: on the left wall at the bottorn we can see water inlets leading
into gardens { Tisscmbel).

2. 4. Vegetation

Mzab communitics plant palm trees for two reasons: to
produce dates and modify the microclimatic. Unlike Ksurs,
which are compact tissucs having no trees in city gardens
buildings are scattecred. Palm trees are the most suitable
plants for desert conditions. The trees shade the ground sur-
face causing a reduction in the environmental temperature,
with the advantage of cooling by evapotranspiration through
the leaves. The trees reduce as well the evaporation from
ground surfaces and avoid erosion. They are also a source
of wood for traditional building. Fig. 15 shows city gardens
of Beni-Tzgen and Ghardaia as typical examples.
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Fip. 13. Sitc plan showing how rain water i1s captured and driven to

(Ghardaia gardens and Bouchen dam.

g
( RAINFALL

WATER '-|f
SURPLUS
<= | WATER COURSES
| i l l
WATER '

| é / {:EURPLU:A; D{:L SURPLUS {a) |

Fig. 14. Typical diagram showing how ramwater (s channelled and dis-
iributed to irrigale Ghardala gacdens.

2.5. Recycling waste methods

Sanitary installations for the evacuation of wastes, rain-
water and rubbish have also been given attention. Wastes
from dwellings are evacuated into underground rubbish pits,
which have openings through a fagadc of the building to al-
low the later recovery. A closet is htted into a small comer
on the ground floor, and has an outlet to evacuate excreta
into a pit, which has an opening allowing pertodic collec-
tion of residucs to be used as fertihzers., Fig. 16 shows a

Fig. 15, Photopraph showing gardens of (Ghardaia and Beni-lzgen
(a—4ihardaia, b—Beni-lzgen).

e

Solld waste is collected and
transported using donkeys into
gardens and agricuttural areas as fertlliser

R L

Liquid waste
R infiltrates into grounds

Fig. 16. Diagram showing how the waste iz dealt with.

diagram for the process of re-cycling human wastes. This 1s
a traditional way of re-cycling waste and preserving the en-
vironment. [t 15 also an appropriate way, 1n an arca of eater
shortage, of saving water by using compost toilets or “earth
closets™,. Mear to the ¢loset 15 a showet room with a drain
through its floor, discharging into the pit. Wastewater may
however be discharged through a hole into the courtyard
floor towards a sump in the rocky soil beneath. Rainwater
is collected via pottery gutters or gargoyles at roof corners
and flows down the streets, replenishing the water table and
cleaning away waste {(Fig. 17).
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gargoyles

Fig. 17. Photograph showing garpoyles at roof comers to drain used and
ram water,

3. Decline of traditional practices for microenvironmental
contrel: causes and implications

3. Main causes of the degradations of the
WUCrOeviFoament

A variety of factors have all combined to threaten Mzab
microenvironment and its specific ecological characteristics.
In fact, the actual urban climatc is perturbed by the uncon-
trolled urbanization and new structure of the cities, by the
building materials employed (nonrecyeled), by the destruc-
tion of vegetation and by the pollution. This will have di-
rect eflect upon the problems of health due to pollution and
heat excess, upon the comfort and the energy consumption
in buildings., The valley of Mzab is developing more and
more an "“urban heat 1sland”.

3.1.1. The “mineralization” of the valley

Concrete and the asphalt, which have high thermal ab-
sorptivity, replaced the vegetation and heat trapped by build-
ings and city pavements makes conditions worse. This im-
plics low albedo and high leng wave radiation emission from
the surfaces, [n the summer, high tcmperatures in combina-
tien with solar radiation and pollution preduce ground level
ozone and smog, which can causc scrious respiratory dis-
tress, eye irritation and cxcessive heat. Recent years have
seen resurgence in building with technologically manufac-
tured materials rather than using the most basic natural and
locally available materials (stone, mud, palm trees, lime).
The builders, architects and owners are motivated by the
1dea that modern materials can afford them with the case of
construction and acsthetics and their buildings will survive
forever, unlike traditional building matenals which have a
limited useful life. Quite readily we can find modern coun-
terparts tor all the bastc traditional building materials. Con-
crete replaces stones and mud. Cement replaces lime and so
on (Fig. 18). But they have ignored the fact that these ma-
terials have the disadvantages of not being environmentally
responsive, they arc not cconomice, provide less enerpy ef-
fictency and do not provide ecological harmony, and they
are nonrecycled and can be sources of various nuisances
such as; they do not provide adequate thermal comfort in-

Fig. 18, Pholograph showing new material used (a; at Mclika Ksar, b: at
Melika periphery).

sile builldings and thus, they increase air-conditioning sys-
tems demands and so additional encrgy costs for the cit-
izens, they are nonrecycled materials and cause problem
of wasting the environment, they have high thermal ab-
sorptivity and therefore they contribute to the “island heat
effect™.

3.1.2. Destruciion of vegetation

No one can ignore the significant role that vegetation plays
In an urban environment. It can change the microclimatc by
increasing the moisture content of the air, provide shade, fil-
ter out dust and help to prevent atmospheric pollution. It is
also one of the most vital factors in maintaining the ecolog-
ical balance in this region. To understand the distribution of
increasing populations over the Mzab arca, a site pan show-
ing the area’s growth since the last few decades revealed the
cxtent of palm trees abolition (Fig. 19). The various factors
those participate in the destruction of vcgetation are:

¢ The lack of suitable land for buildings in the valley pushed
the inhabitants to cut palm trees to get land. This will of
course have a negative impact upon the ecosystem bal-
ancc. This deforestation causes as well soil erosion and
leads to increasing desertification,

¢ The introduction of industrialization as new mode of
production into the region, such as Sonelgaz, Sonatrach,
metallurgy, textile, plastics, Hydrocarbon, nonrecycled
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Fig. 19, General plan of Mzab valley showing how wild urbanization
invades the valley bed in detriment of agricultural space and vepetation.

building matcrials, cloth and tents, chemicals and food
products, has a consequent impact upon the regression of
palm trecs (Tables 1 and 2) [3]. This industry, in addi-
tion to the pollution it causes, attracts more and more the
labor force in detriment of agriculture.

In 1879, (rthardaia for a population of about 11 000 in-
habitant had about 80 000 palm trces [4]. This represents
a4 proportien of 7.3 palm trees per inhabitant. El-Atteuf as
well had very large gardens for only a population of 2500
inhabitants. Guerrara, the sixth settlement of Mzab, had in
1884 2 number of 28 728 palm trees for 4000 inhabitants
[3], which represents 7.2 palm tree per inhabitant. From
Ghardaia's and Guerrara’s examples, we can say that more

than 7 palm trees per inhabitant are required to maintain an
ecological balance.

3.1.3. Perturbation of the environment hydrology

Until the last few decades, the valley of Mzab was sup-
plicdd with watcr from superfictal groundwater which de-
pends to a large cxtend upon rain tall for which Mzab com-
munity established (to supply these groundwater) several
dams and wells. Recently and in order to respond to the ac-
celerated urbanization, groundwater table was discovered at
about 300 m depth and was cxtensively used. This has, in
addition to urban growth, causcd significantly:

¢ The decline of traditional water systems (considered as
sustainable systems) and the disappearance of superficial
water table, which has stood for centuries in the very
harsh conditions. Urbanization of the appropriate spaces
to water collections and the use of traditional wells by
somc people as pits to discharge the wastc.

o Great consumption of water which cause the running out
quickly of the groundwater table and can cause shortage
ot watcr 1n the future, especially that the amount of water
of the table ts not renewcd in the same way as the con-
sumption.

¢ The usc of too much water, especially with the introduc-

tion of modem system of sewage and water supply, has
increased the humidity in the traditional buildings, which
were designed and built originally with materials that o
with dry environment, and this has causcd the progressive
deterioration of traditional buildings.

Table 1
Regression of areas and number of palm trees from vear to year
Communcs 19268 1983 1993 2000

Atea (ha) N.ET Area (ha} N.P.T Area (ha) N.P.T Area {ha) NPT
Ghandaia 280 134 260 170.7 8] 832 241 96 380 419 114 253
Bounoura 110 10135 122.5 L1286 77 7093 167 16526
El-Atteuf 2 6177 157 13523 24 4 2094 172 21635
Total Valley 462 150572 450.2 106 643 302 .4 105 567 758 152414

N.E.T = number of palm trees.
Table 2
Decrease of the number of palm trees per inhabitant from year 10 year
Communes | 968 983 19G3 2000
. Pop. PT/1 N. Pup. PT/1 N. Pop. PT/1 N, Pop. PT/t

Ghardaia 3 all 4.2 54 156 |.5 77 541 1.2 99 689 1.1
Bounoura 10 713 0.9 |6 663 0.7 22 309 0.3 27490 3.6
El-Atteuf 4991 1.2 7749 1.7 1} 389 0.2 12756 1.7
Total Valley 471315 3.2 TR 568 1.4 110299 1.0 139938 1.1

N. Pop. = Number of populaton, PT/]1 -= palm trees per inhabitant.
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» Urbanization has had significant impacts on the hydrology
of the environment by controlling the nature of runoff, the
ratcs of soil crosion; and the delivery of pollutants to val-
leys, streams and dams. In the new urban areas of Mzab
valley much of the land is paved or covered by asphalt
(streets and roads) and buildings. In these circumstances
rainwater runs off much faster than on unpaved land. This
water cannot be absorbed into the soil, it flows rapidly
down storm drains or through sewer systems, contributing
to Hoods and often carrying debris and other pollutants to
streams. It 1s important to mention that hydrological per-
turbations often produce detrimental effcets on both wa-
ter quality and quantity. Precipitation is partly absorbed
by the ground and partly becomes surface runoff, The ab-
sorbed watcr is divided between base flow (underground
runoff to water table) and evapo-transpiration. Urbaniza-
tion has caused the surface runoff to increase, and the
replenishment of underground water to decrease. [mper-
vious surfaces and sewers cause runofl after a rainstorm
to cccur more rapudly and with a greater peak flow than
under noburban conditions. In turn, larger peak flows in-
crease the frequency of floods. In general we can say that
urbanization increases flood volume, frequency and peak
value. The net result of this flushing effect may be to in-
crease turbidity, pollutant loads, and bank erosion.

J. 1.4, Decline of air quality due to air pollution

The Mzab cnvironment has been exposed to unprece-
dented atmospheric air pollution in recent years. The growth
in the amount and complexity of air pollution brought about
by urbanization, industrial development, and the increasing
use of motor vechicles (Table 3), has resulted in mount-
ing dangers to the public health, welfare and the quality
of life. In the urban areas of Mzab, transportation activi-
ties contribute significantly to air pollution, greenhousc gas
¢missions, noise, and associated health impacts, The green-
house gases involved are mainly; carbon dioxide: methane:
nitrous oxule; chlorotfluorocarbons; and tropospheric ozone.
Of which, the most important gas is carbon dioxide which
accountts for about 55% of the change in the intensity of the
Earth’s greenhouse cffect. The concentration of these gases
In the air create health problems and enhance the green housc
effect which makes the microenvironment warmer.

Monatomic gases such as helium and argon and diatomic
gascs such oxygen, nitrogen and hydrogen, arc transparent
to thermal radtation. This explains why solar radiation can
travel through the atmosphere and reach the carth surface.
However, the polyatomic gases such as carbon dioxide, am-
monia, methane and water vapor are fairly good radiator and
absorbers to thermal radiation [6]. The gas molecules grad-
ually absorb the energy from electromagnetic waves as they
travel through the gas volume. Therefore, the absorptivity of
a gas volume depends not only upon its physical propertics,
including temperature and pressure, but also upon its shape
and size. Absorption in the atmosphere is carried out by wa-

Table 3
Evolution of vehicles in the valley of Mzab in the last few decades
Type of vehicles Years

985 199 Y95 20tH)
Cary 589 3489 5898 9632
Lorries 279 1661 2640 3843
Vang 524 2173 3400 5355
Bues 6 23 138 379
Total 1398 7346 12 112 19 209

ter vapor, carbon dioxide, ozone, dust and cloud particles
or other 1mpurities suspended in the atmosphere, Building
surfaces in urban areas rcceives not only direct solar radia-
tion but also the radiation from the atmosphere and radiation
from the ground surfaces, At the same time, the surface losc
hcat by conduction, convection and emission. If the heat is
gained more than it is lost, the temperature of the building
surfaces increasc and this will have a direet impact uporn
thermal comiort. Radiation from atmesphere varies widely
with the time of the day. At night, when the solar radiation
15 cut off, the sky temperature is low. This allows inhabitanis
to benehit from radiative cooling at night. But this is not the
case when the atmosphere is full of greenhouse gases issued
from pollution and dust particles.

3.1.5. The urban forms

The transformation proccss from traditional compact ur-
ban forms into scattered forms and the use of modern mate-
rials m new buildings increased the use of air-conditioning
systems which lead to higher energy costs and increased
emissions due to higher power gcneration.

3.2, Implications of such degradation

The main tmplication caused by the above-mentioned fac-
tors 15 the build-up of a heat island in the Mzab urban en-
vironment and the reduction of comfort conditions for the
inhabitants.

3.2.1. The heat island effect

The heat island is the increase of ambient temperature of
urban environment in comparison to a nearby rural envi-
ronment. This 1s associated usually with; high pellution of
the atmospheric air, low air movement and the formation of
a dome of overhcated and polluted air. The heating of the
ground by the sun causes the surface of the earth to absorb
most of it and re-radiate long-wave encrgy to the atmosphere
whereby it is absorbed partially and is then reflected many
times within this enclosure with partial absorption at each
contact with a surface. Absorption of this encrgy causes ad-
ditional heat energy to be added to the earth’s atmospheric
system. The amount of heat energy added to the atmosphere
by the greenhouse effect depends to some extends to the
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Table 4
Mean air temperature ai dilferent periods to show the heat island effect
Tm {°C) Tm (°C) ATCY
1995 -[999 19350 1955
January |'E.8 10.1 +1.7
Febroary 13.5 12.6 [ (.9
March 16.2 6.0 0.2
April 20.2 9.7 +0.35
May 5.9 26.1 +0.2
June 31.0 il4 —).4
Tuly 33 8 33.9 —0.1
August 34.1 31.7 +2.4
September 28.7 274 +1.3
October 221 20,6 1.5
Novemher 16.5 7.5 —1
December 13.4 L2.0 +1.4

Fig. 20. Diagram showing the urban heat island smog farmartion due o
the wild and unstudicd urbanization on the valley bed.

concentration of greenhouse pascs in the atmosphere near
the ground.

There are three main factors causing urban heat island in
the valley of Mzabh:

¢ The replacement of natural vegetation by heat-absorbing
surfaces such as building roofs and walls, parking ar-
cas, and streets. As a result, solar enerey is absorbed into
roads and rooflops, causing the surface temperature of ur-
ban structures to become higher and cause the increase of
overall ambient air temperature. This phenomenon raises
air temperature in the valley by 2.5°C (Table 4).

e Heat emission by human activities: by introducing indus-
trial activities to the rcgion, “embodied energy” is in-
creascd. The total amount of cnergy required to bring a
material into existence is called “embodied energy.” This
includes all the energy needed to mine, transport, process,
distribute, and more. The cumulative energy embodied in
creating and transporting the materials and systems of a
building may actually exceed the energy required to heat
and cool the building for 10-30 years.

» Air pollution in urban areas is high and the particles will
form a shield for trapping heat {(Fig. 20). During hot
meonths a heat island creates considerable discomfort and
stress and also increases air-conditioning loads and accel-
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Fig. 21. Pholograph showing atr-conditioning systems are extensively
used (o establish thermal comfort instead of traditional techniques.

crates the formation of urban harmful smog, as ozonc pre-
cursors such as nitrous oxtdes (NO, ) and volatile Organic
compounds (VOCs) combine photochemically to produce
ground level ozone.

In such conditions, thc external environmental tempera-
ture [7] may well increase and can cause thermal discom-
fort. As a result, demand for cooling ¢nergy in buildings
incteases and can cost consumers more additional money
1n air-conditioning bills in order to maintain thermal com-
fort. In addition, increased electricity generation by power
plants leads to higher emissions of sulfur dioxide, carbon
monoxide, nitrous oxides, and suspended particles, as well
as carbon dioxide.

3.2.2. Regression of thermal comfort conditions

In order to cvaluate past and present thermal sensation
conditions at the urban scale, a field subjective survey was
carried with 25 subjects of the age of 70 years old of Mzab
inhabitants, All responding subjects who lived in this arca
in the 60s revealed that in the last few decades, the climate
has changed and the microclimate has been felt more and
morc hot.

The introduction of modern mechanical and artificial de-
vices seems to have created a situation in which the inhabi-
tants no longer associate themselves with the desert, its cli-
matc and s requirements (Fig. 21), [t is doubtful that therc
arc many people today in these areas who have been ex-
posed to the desert living and who could survive in such en-
virenment without sophisticated life-support systems. [F this
trend continues, the dependence on energy intensive sysiems
will continue to rise, instead of the time-tested principles in
meeting climatic circumstances.

In order to evaluate thermal comfort conditions within
buildings, a thermal comfort field subjective survey was car-
ried out in two sets of buildings; traditional buildings in the
ksurs (of Ghardaia and of Melika) and new modern build-
ings in the expansion situated on the valley bed. All re-
sponding subjects who lived in the buildings surveyed are
from agc 2060 years and with an average occupancy of
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3 persons per building. The subjective survey involves col-
lecting data using qucstionnaires. A total of 20 subjects from
traditional buildings and 20 subjects from modern buildings
were questioned about occupants’ perceptions of the envi-
ronmental conditions in the whole building and their general
teeling of thermal comfort. The table shows the comparison
of the overall thermal comfort sensation for traditional and
new modem buildings.

The field investigation studied the overall impression of
the indoor thermal environment, and the results suppest that
pcople have an ovcrall impression of higher standard of
thermal comfort in traditional buildings than in new ones.

4. Strategies and solutions for an ecosystem balance and
for an urban heat island mitigation

The previously identified factors which caused the decline
of the ecosystem and the widespread of the urban heat island
of Mzab can be reduced through the implementation of the
following recornmended measures and management options:

It the nature can help to cleanse the air of pollutants in
many different ways. Onc of which is through the dilution
of pollutants (particles and dust) when it gets raining. You
can clearly see the diflcrence in the air after a shower—
the sky looks clearer and the air more freshly. [f the wind
speed 1s high and turbulent the pollutants get diluted and
will be less efiective. Plants absorb carbon dioxide which is
a major green house pas during photosynthesis and release
oxygen. This unfortunatcly valid for coastal arcas in the
North of the country. Unfortunately, the South has not these
natural features. The climate is very dry and vecgetation is
SCArce.

4.1, Prevent further urbanization on the vallev bed and
extablish special regqulations to protect further destruction
of the natura! environment

The growth in population will automatically lead to in-
creasing levels of pollution. To control this we mainly need
to consume just the right amount of natural resources and
man made products, and to learn how to share resources (ex-
amplc: car pooling). Scientists arc also looking at ways to
manufacture goods more efliciently and using less materials.
There 15 a need to avoid using items that have little valuc
(example: plastic packing). However, it 1s vital ta declare
this sensitive oasis ecosystem a special area and promul-
gates specific regulations for its preservation. Utbanization
should be oriented elsewhere outside the valley.

4.2, Trees planting as a cooling strategy

The valley suffers from lack of agricultural spaccs and
thus it 18 necessary to put an end to the urbanization of the
vallcy plateau in order to prescrve the remaining few palm
trees. It 15 vital to launch a program of implanting vepeta-

tion to enhance the ecological system balance and can pro-
vide signtficant environmental and economic benefits for the
Mzab community. One of the simplest and cheapest stratc-
gies for countering the urban heat island effect is to increase
the number of trecs and other plants. Vegetation cools di-
rectly by shading and indirectly through evapotranspiration,
the process by which plants release water vapor. This can
greatly reduce a building’s cooling load. This fact sheet fo-
cuses primarily on the usc of trees as a method of cooling
urban arcas.

I'rees have great potential to cool cities by shading and
by evapotranspiration from the leaves. The water draws heat
as it cvaporates, cooling the surrounding air. Trees absorb
sound, provide shade and reduce wind speed, filter pollutants
from the air. They provide habitat for animals, birds and
sects. They stabilise soil and prevent crosion.

Planting trees and vegetation can help reduce urban tem-
peratures and make the valley greener. However, planting
trees haphazardly throughout a city is not the best way to
achieve their benefits. Within 10—15 years—the time it takes
a tree to grow to a useful size—properly placed trees can
reduce heating and cooling costs by an average of 10209
Uver their lives, trees can be much less expensive than air
conditioners and the cnergy needed to run them.

Correct selection and location of trees is important to
achicve the best results. Two proven methods maximize
benefits:

Dectduous trees shading the south and west sides of a
building block the summer sun, Vegetation should also
shade your air conditioner, which works more efficiently
when kept cool. Vegetation on the northwest can protect
buildings from cold winter winds. Trees grouped together
create a refreshing park or oasis in a city and also cool
ncarby neighborhoods. Grouped trees can protect each
other from the sun and wind, making them more likely to
grow to maturity and live longer. The number of trees per
inhabitant should not be less than 7 to maintain ecological
balance.

The reusc of treated wastewater enables the sustainabil-
ity of irrigated agriculture. The valley of Mzab with a pop-
ulation of 128087 inhabitant and water consumption of
200 1/ day/person would produce 7947 798.4 m?/vear, as-
surning 85% of the consumption inflows to the public sew-
erage system. This will enables the irrigation of an arca of
504 ba per year, assuming 0.5 I/ha/s. Or in terms of palm
trees, this quantity will irrigate 5040080640 palm trecs
per year, knowing that 1 ha can be occupied with 100—160
palm trees. In addition to the economic benefit of the wa-
ter, the fertilizer value of the effluent is of importance, Al-
though wastewater rcuse has many advantages and benefits,
it may generate environmental problems if it is not carried
out properly. Inadequate reuse may cause public health risks
and cnvironmental nuisances, such as odors, aesthctic prob-
lems, and peollution of water sources (mainly groundwater)
and of soil. Onc of the important prerequisites of wastew-
ater reuse 1s therefore adequate design and construction of
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such project as to ensure environmental safety. Wastewa-
ter can also be used for superficial groundwater recharge.
Wastewater teuse can gencerally be suceessful in (arid and
semi-arid regions} zones which sufler of water scarcity, in
which there 1s demand of water for agriculture. This happens
when fresh water volumes devoted for agriculture declines
because of increasing demand for the public water supply.
[t 15 also arises when traditional agricultural communities
have run out of groundwater sourccs.

4.3. Use of high reflectivity surfaces

Ot the methods for reducing excessive heat in urban ar-
eas, the use of reflective or high-albedo surfaces of build-
ings and pavements which are more reflective of the sun’s
energy (usually light-colored surfaces) and can therefore
greatly reduce a building’s cooling load. High emissivity or
dark matcrials absorb more heat from the sun than a whiter
one. It thosc dark surfaces are roofs or walls some of the
heat collected by these is transferred inside. Staying com-
fortable in under a dark shingle roof often means more air
conditioning and higher utility bills. Black surfaces in the
sun can beccome up to 40°C hotter than the most reflective
white surfaccs. Van Straten [8] measured the outside surface
femperatures of galvanized steel roofs with different colours
in South Africa and observed that a black roof reached 70°C,
while a whitc onc, only 44°C, Whitewashing a clay tile roof
reduced the ceiling heat flux by 66% [9]. Givoni [10] ob-
served reductions of 3.5 K on ceiling temperatures when a
red cement tile roof was whitewashed.

{.4. Efficient energy management and reduction of
artificial energy emission

Alir pollution is rclated with combustion and energy con-
sumption. With increased industrial activitics and vehicular
movement and modernizatton, the energy consumption in-
creases which increases fuel consumption and increase the
air pollution. One way of controlling air pollution is by de-
creasing the cnergy consumption, which would need peo-
ple’s cooperation and the other way, is through cleaner tech-
nology and laws.

Decision-makers of both government and private sectors
should cooperate to develop alternative fuel systems, mo-
tor drives and infrastructures to augment overall efficiency
within the encrgy and transport sectors. Since energy con-
sumption 18 one of the biggest sources of greenhouse gases,
eflicient energy management in cities, which includes the
efficient management of energy supply and encrgy usage, is
very important to contrel grecnhouse gases.

Reduction of artificial energy emission should concern all
the energy nceded to mine, transport, process, distribute, and
air-conditioning. Communities can decreasc their demand
for energy and eflectively cool the urban environment. In
addition to the economic benefits, using less cncrgy leads

to reductions in emissions of greenhouse gases. The total
amount of energy required to bring a material into existence
15 called cmbodied energy. The cumulative energy embeodicd
In creating and transporting the materials and systems of a
building may actually exceed the energy rcquired to heat
and cool the building many times.

The authorities should ban burning wastes and leaves in
urban areas. The burning releases huge quantities of smoke
{mainly particles matter) and this can be severe in winters.
The problem can indeed become acute and mare of a con-
cern if along with the leaves, plastic, discarded cells, etc. is
burnt.

4.5, Use renewable and recycled resources

The use of rencwable resources means using solar, wind,
and geothermal encrgy sources as much as possible. Many
common building materials come from renewable sources
includmg wood. But there are other considerations as well,
like the harvesting method. Some nonrencwable resources
may actually be used many times or {{recycled}}. This is
true, for example, of many mctals. Recycling reduces the
disruptive and polluting effects of virgin mineral extraction,
S0 do watcr-reuse technologics and the use of many agricul-
tural und industrial by-products. Building materials should
be a recycled resource, not a waste sent to a landfll after
the building’s useful life.

4.6. Prevention and control of air pollution

Alr pollution prevention—that is, the reduction or clim-
thation, of the amount of pollutants produced or crecated
at the source—and air pollution control at its source is
the primary responsibility of the government and local au-
thorities. Air quality management is a critical problem in
many cities of Algeria. However, administrators and deci-
sion makers in local authorities, institutions, and communi-
tics should cooperate to protect and enhance the quality of
the air resources so as to promote the public health and wel-
fare ot its population. This could be by implementation of
measures that can effectively monitor, control and prevent
pellution and reduce the impacts of air pollution in Mzab
towns.

To hclp alleviate this growing problem, authorities
should take multi-pronged approach to attempt to lessen the
problcm:

o The applications of new technology *Intelligent Transport
systems’ to the management and control of urban trans-
port should be pursued as a major priority in Mzab valley.

o Local government actions to oblige individuals to pay
high taxes on the usc of private cars and more energy
CISston.

» Reduction of wehicle Kilometers travelled should be
sought through urban planning and transit system design,
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which both allows and cncourages the cnbanced use
of public transport and alternatives such as walking or
bicycling for shorter journeys.

Roads are built to accommodate a certain capacity of peo-
ple, after that level is reached, cach additional vehicle slows
down thce other cars on the road thus imposing a longer
traveling time of all of the other drivers. Furthermore, auto-
mobiles produce air pollution, which is another eternality,
which affects the population of Mzab.

e« An area-liccnsing scheme should be enacted. This
arca-licensing scheme defines a restricted zone in the
urban arca of the valley. This scheme restricts usc of the
roads in the central business district at least during the
pcak hours, Only cars, which display a license, are al-
lowed to enter this zone. This regulation was Nrst applied
in Singapore city [11]. The area-licensing scheme was
extremely successful in reducing traffic congestion dur-
ing the peak hours. By the fourth week of the ALS, traffic
flow during the peak hours had fallen by 45.3% [11].

5. Conclusion

[n the last fow decades, urbanization of the vallcy of Mzab
has exaccrbated. Its impact on the natural environment and
ecosystem balance has become a major preoccupation. The
microenvirenment of the valley is disturbed by the new ur-
ban expansions, the abolition of vegetation, the new materi-
als employed and by industrial activities which bave devel-
oped. Modifying the microenvironment will act directly on
public health, thermal comfort and on the encrgy consump-
tion in butldings.

Our investigation showed how the space was used by the
Mzab traditional society to adapt with the surrounding hos-
tile cnvironment and the magnitude of how land usc has
changed over the past few decades. It has revealed that Mzab
valley has become an island into another 1 rccent years.
It has developed an “‘urban heat 1sland™ that have tempera-
tures up to 2.5°C higher than what use to be 5 years ago.
Mzab arca is warmed by its own urban hcat island as a re-
sult of the removal of vegetation, the usc of heat-absorbing
materials for walls roofs and roads, and increased air pollu-
tion. The added heat intensifies Mzab air quality problem.
The city is plagued with serious ozone pollution. Smog lev-
cls arc intensified by the urban heat island because with a
10° rise in temperaturc, the chemical reaction that creates
ozone-the molecule responsible for smog-doubles. Ozone is
only produced in warm summer months.

This paper is oriented towards creating a stratcgic vision
and developing action plans for environmental protection.

Secking solutions for the problems imposed by the urban
expansion of the valley seems to be complicated, at least
in the ncar future. However, with the participation of all
protagonists locally, nationally and internationally we may
be able to resolve some of the nuisances in the long term. My
recommendations to prevent further decline of the ccosystem
balance, to re-establish the environmental qualities and to
mitigate urban heat island effect, lie in the implementation
of the following measures:

prevention further urbanization of the valley,

plantation of morc vegetation,

use of high reflectivity surfaces,

efficient encrgy management and reduction of artificial
energy Cmission,

e and the use renewable and recycled resources.

At the end, 1 belicve that, the survival and future
well-being of the Mzab ccosystem 1s at stake, and requires
effective management if the environment is to be adequately
protected. Only through collective effort will further de-
struction of traditional settiements, ecological balance and
the sustainability of this area be prevented. Architects and
professionals working in this area havc too long 1gnored
the ecological balance, which relics upon the above mea-
sures, and it is time to be considered for future planning
developments. It is the responsibility of the designer to use
available resources to optimum advantage and try to guide
his client in choosing the best available alternatives.
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