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GENERAL INFORMAT ION
 

the Study
A. 	 Backaround for 


s 
visit to AID/W in 3uly

During Robert Huesmann'

1979, he met with 3oseph Haratani, 

NE/TECH/HPN,
 
review the statugof water
 to discuss the need to 


in the secondary cities in Yemen and to
 
supplies 	 alternathe introduction of 
explore possibilities for 


Huesmann
cost 	systems.
lower
tive 	and appropriate 
 being provXided

felt 	that sufficient attention was 


the five large cities
 
by the YARG and donors to 


the
 
(Sana, Hodeidah, Taiz, Ibb 

and Dhamar) andr to 

essen

villages, leaving the secondary 
cities 


small 
 discussion, USAID/Sana

tially untouched. Based on this 


a visit by Haratani, accompanied by 	
an
 

agreed to 

alternative technology consultant, 

to carry out
 

the following scope of work.
 

B. 	 SCOPE OF WORK
 

studies 
on
 
Revidw available information and 
1. 	

supply and sanitation sector.
 the water 


supply and sanitation sector
 2. 	 Review water 

projects of YARG, USAID and 

other donors.
 

supply

3. 	 Identify possible small city water 


and sanitation projects.
 

C. 	 STUDY TEAM VISIT
 

two members, Joseph
composed of
The study team was 


Haratani, NE/TECH/HPN, team 
leader, and Michael
 

Skenfield, alternative technology 
consultant.
 

W. 

The team arrived in Yemen on Thursday, November
 

15, 1979 and departed on Friday, 
December 7, 1979.
 

study in Yemcn, the team traveled 
through-


During its 

the country except the extreme 

north
 
out most of 

and eastern Yemen, both regions 

being relatively
 

(See Map I, Population Distribusparsely populated. 

tion). The team traveled north to Khamer in the
 

in the midlands,
to Mahweit
central highIands, 
 ,uth through
 
west to Hodeidah on the Red Sea 

coast, 


the Tehama lowlands, and finally back to Sana through
 
Its itinerary


Taiz 	and the Southern Highlands. 
the ten provinces

took the team through six of 


(Sana, Mahweit, Hodeidad, 
Taiz, Ibb and Dhamar).
 

This 	coverage
 
(See Map II, Administrative 

Divis'ion). 


the most populated regions 
of the country provided
 

of 

a fairly representative cross-section 

of Yemeni
 



topography, demography and culture 
upon which this
 

study is based.
 

11 ASSUMPTIONS
 

safe water, good personal

It is generally accepted that 


hygiene and household sanitation, 
and safe excreta disposal
 

good 	health. USAIDana has
 
are key prerequisites to 


supply and sanitation
 
given high priority to the water 


sector as evidenced by its program and its request for
 

this study.
 

Based on discussi.ons with USAID/Sana 
the study team
 

inadequate sector attention was 
being given
 

assumed that 	 The team also assumed
in Yemen.
to the secondary cities 

that 	the YARG is strongly corrmitted 

to improving the
 

people and gives high priority
the Yemen;
health of 	 The
programs.

supply and sanitation sector 
to water 


the target population gives
 team 	further assumed that 

and that they will
this sector
equally high priority to 


support and contribute to appropriate and practical
 

supply and sanitation projects.
water 


II. 	METHODS
 

The team reviewed available reports
 A. 	 Document Review: 

a3d orr-ma-tfon about Yemen water and 

sanitation
 

sector while in Washington, D.C. and in Yemen at
 

the following locations:
 

1. 	 USAID Office
 
2. 	 YOMINCO Library
 
3. 	 UNDP
 
4. 	 Swiss Technical Cooperation, Ministry
 

of Public Wceks
 
Save 	the Children Federation/Mahweit
5. 


The team arranged appointments
B. 	 Official interviews: 

with various government organizations 

dealing with
 
Brief descriptions
systems and sanitation.
water 
 given in Section
 

of the governmental agencies are 

The following organizations
IV of this report. 


were 	interviewed:
 

I. 	 Confederation of Yemeni Development 
Associa

tions (CYDA)
 
National Water and Sewerage Authority
2. 

(NASA)
 

and Mineral Corporation (YOINCO)
3. 	 Yemen Oil 

Public Works, Rural Water
 4. 	 Ministry of 


Division (RWD)
 
5. 	 Ministry ef Health (MOH)
 



Ministry of Municipalities (MOM), Dept.
6. 

of Environmental Health (DEH)
 

Peace Corps and other exoatriates:
C. Discussions with 

The team met with R'obert Huesmann USA-57girector;
 

Jack Henry, AID Contractor. Meetings
USAID/staff; 

were held with Byron Aldridge and Al Armstrong
 

the USGS working with YCMAINCO. The team was
of 

also given invaluable guidance by Paul Dresch of
 

German Agency for Technical Cooperation, Ltd.,
 

by Melinda Babcock, YCMINCO Librarian, and Mohamed
 

Abu Bakr, USAID staff.
 

lived in the villages
Those expatriatewho had 

in describing the sociowere particularly helpful 


the Yemeni people.
cultural characteristics of 

familiar with the government
Those who were more 


interviews
instrumental in arrangilr.,
structure were 

foi the.team's understanding
and were essential 


of the bureaucracy in Yemen.
 

The team made arrangements
to Yemcni homes:
D. Visits 

to visit homes in Sana'a and in villages they visited.
 

conmnitted to interviews, travel

During off-hours not 

or writing, the team walked the back streets of
 

observe and experience the daily
several towns to 

life patterns of the Yemeni people.
 

E. Personal observation and use of water and sewage
 

dsEsal_ systems: The team inspected and used
 

in hoteTs, office buildings and individual
toi-"lets 

The team also visited plumbing stores and
homes. 


observed plumbing construction on buildings in
 

towns.
Sana'a and other 


IV. FINDINGS
 

A. GENERAL
 

The centuries old Yemeni civilization has survived
 

only because it developed life support systems
 

in balance with its arid environment.
which were 

built to provide water during the


Cisterns were 

The limited rainfall run

extended dry seasons. 

irrigate farm terraces. Dry


off was chanelled to 

farming was practiced extensively. In villages
 

where household water was obtained daily by 
women
 

on their heads, the value of water
carrying jugs 

was appreciated and water usage was kept low.
 

Today the Yemeni people suddenly have money to
 
use


spend. They can afford to drill wells and to 




diesel engine-driven purnps to extract water from
 
They can now irrigate lands
sub-surface aguifers. 


that have been traditionally dry-farmed. They
 

can now pipe water instead of transporting it in
 

buckets. With the help oi machines, water is becoming
 

more 	accessible and convenient.
 

PlLunbing stores now display modern squat-plate
 
toilets (requiring more water), lavatories and
 

Appliance 'stores
faucets, tubs and kitchen siaks. 

display large quantities of tiny automati; washing
 

machines.
 

With their new-found wealth, the Yemeni people
 

will soon incorporate these water-using fixtures
 
and aopliances into their homes. The end result
 

a two-fold strain on water resources:
will 	lie 


a. 	 Creater accessibility,and convenience wLLI
 
encourage greater water use.
 

b. 	 The installation of piped kitchen sinks and
 
create a
washing machines in the home will 


greater volume of waste-water requiring proper
 

disposal.
 

The combination of ever-increasing demands on water
 

and decreasing supplies of water indicate that
 

Yemen has a serious resources problem with which
 

it must deal.
 

With water mining already occurring in parts of
 

the Sana basin, it is likely that water demand
 

will overtake available water supply in Sana before
 
the turn of the century.
 

is an overriding constraint to the
Since water 

development of Yemen, USAID/Sana ihould focus its
 

efforts to assist the YARG in addressing this critical
 

issue in its developmen: plans.
 

B. 	 SECTOR ORGANIZATION
 
The water supply and sanitation sector in Yemen
 

is managed by the following YARG agencies:
 



Central Planning Office (CPo)., Minisltry of
 i. eve foprnent ()D) 

the request of
 No contract was made at
Contact: 
 reasons.
 
our USAID coordinator for protocol 


In our meeting with NVIASA officials,
Corrment: 

All Zein, Sudanese Advisor, 

had suggested that
 
in contacting


CPO officials would be the most 
helpful 

ince this
towns we visited.
in the
key officials 
 on the many
discouraged, we relied 
contact was 
 visit
 
persons we contacted informally during our 


to gain the information needed.
 

(MVD),Ministry of Public
 Rural Water Division
2. 


Ibrahim Ashami, Deputy Director
 Contact: 

General.
 

as a represen-
When I introduced myself
Comnent: 
 stattrs
 
tatiye of A.I.D." inyestigating the 


of wter supp~ies for secondary cities, Mr.
 

Ashami told me that RWD had specifically 
requested
 

sector five
 
USAID/Sana for assistance 

in this 


years ago but -never received 
a response.
 

He was surprised and pleased 
that A.I.D.
 

in the secondary
 
was belatediy showing interest 


In the meanwhile RWD has agreed 
with
 

cities. 

to implement water
 

the Japanese government 

supply projects through a Japanese 

firm, Pacific
 
the towns of
 

Consultants International, for 

Bayda.
Faqih, Sadah and Al 
Yurim, Bayt al 


UNDP/%10 is providing technical 
assistance
 

to RWD through two WHO sanitary 
engineers,
 

ten United Nations Volunteers 
(engineers and
 

diesel mechanics) and one Netherlands 
Volunteer.
 

In addition to USAID assistance, RWD is 
receiving
 

assistance from Feace Corps, 
UNICEF, WHO,
 

UNDP, Japan, Iraq, Saudi Arabia, Abu Dhabi,
 

the Federal Republic of Germany 
and the Netherlands.
 

National Water and Seweraze Authority LN-ASA).
 
3. 


Mohamed Abu Talib, Deputy Director
 tntaEt! 

I4
 



4. 


5. 


6. 


General
 

Comments: NWASA was originally created to
 

supply and sewerage systems
manage the water 

It is now also responsible
in Sana and Hodeidah. 


It is vary likely
for Taiz, Ibb and Dhainar. 

as some of the secondary cities grow,
that 


take over theih water
NWASA will be asked to 

supply and sewerage management.
 

411
Yemen Oil and Mineral Corporation (YCI)iCO)


Contacts: Mahrnoud AI-Odeni, Chief, Surface
 

Water; Abdallah Al-Thari, Chief, Ground Water;
 

Jamal Ahmed Zaifallah, Geophysical Technician.
 

YCMINCO with the assistance of
Comments: 

resource data.
USGS is collecting basic water 


It is collecting stream flow data from 12
 

stream gaging stations and rainfall dataVfrom
 

60 rain gauges located throughout the country.
 

It is also establishing probably the best
 

library on water resources of Yemen.
 

Ministry of Health (MOIH)
 

Contact: Dr. Hamadnalla Elamin, Deputy Director
 

General of Preventive Medicine.
 

The MOH is not involved with the
Corrment: 

domestic water supplies. It


provision of 

quality by conducting
only monitors water 


chemical and bacteriological analyses.
 

Department of Environmental Health (DEH),
 

Minstry
 

Contact: Ismail EI-Thawr, Director General
 

ConTnent: This Ministry was recently split
 

from the Ministry of Public Works and
off 
in the process of becoming operational.
is just now 


It presently has no water supply projects
 

it has overall responsibility for
although 

municipal water supplies and sewerage.
 



Associations
Yemeni Develoyent

7. 	 Confederation of 


Hamoud Al-Salahih
Contact: 


All village water supply 
project


Comrment: 

are channelled through
 requests from LDAs 


CYDA 	provides technical 
andNfinancial
 

CYDA. 

assistance (often from 

external donor sources)
 

to the LDAs.
 

C. 	 DONOS
 

The 	team found a large 
number of foreign trganizat.ions
 

involved to some degree 
in community
 

and governments 

Nonejhowever, were found 

to be
 
water systems. 

directly involved in sanitation 

and sewage disposal..
 

be working with water
found to

The organizations


follows:
systems are as 


various YARG agencies and
 1. 	 USAID: Through 
 a 
projocts. 

Peace Corps: Volunteers assigned to 

RWD project.
 
2. 

Technical assistance to YCMINCO.
 
3. 	 USGS: rural water projects.
 
4. 	 UNI,EF: Providing pipe for to RWD.
 

Providing technical assistance. 
5. UNDP: 	 to big

Water supply/sewerage 

loans 

6. 	 IBRD: 


cities.
 
Technical assistance to 

RD.
 
7. 	 WHO: 

8. 	 Assigned to RWD.
 

UN Volunteers: 

Technical assistance & 

equipment
 
9. 	 Netherland: 


to RWD.
 
Mahweit Province Village 

Water Supplies.
 
10. 	 SCF: 

II. 	CRS: Initiating joint project with German
 

Agency for Technical Cooperation, 
Ltd.
 

Water supply for Al
 
Fed. 	Rep. Of Germany:
12. 

Mahabisha.
 

Financed 28 wells'drilled 
by
 

Saudi Arabia:
13. 
3apanese. - 50 wells (loan),I
Rural Water Phase 
14. 	 3apan: 


(grant).
11-24 wells
Phase 	 in Al Kabbaita villages.
improvement
EEC: Well
15. 	
Sana water supply grant.


Abu Dhabi:
16. 
 to RWD.
Grant funds
17. 	 Iraq: 




caliere
Y isiion) - bts of informationScattere
Divrafl 

a-nd evience indicate that the Western Highlands
 

and perhaps the Western midlands 
were once
 

the qenturies

Deforestation over in rainfall
forested. 
 a reduction 


has been accompanied 
by 

(according to reports
 

and in spring flows Today the Highlands
 
from older, Yemeni 

people). 

experiencing low precipitation
 

throughout Yemen are 


rates and gradually 
diminishing spring 

flows.
 
ip.wells
levels measured 
 a
Furthermore, water are dropping at 


in the Central Highlands 
 increased
 
rapid rate (presumably 

because of 


pumping and declining 
precipitation levels),
 

a uNDP official.
according to 


to be an area
 
The Western Midlands 

appear 

greatest
and of 


high precipitation 
rates 

the precipiof 
 Much of 

surfacewater availabilitY. 
 the Western
 
tati6n falling on 

the slopes of 


its way into aquifers and
 
Highlands makes along midland
 
wadi alluvium and 

which reappears 
 as
 
springs and in wadi 

channels 

slopes as coming


Moisture-laden air 
streams.
perrenial 

from the Red Sea 

and picking up warmth 
and
 

cools
 
the Western Lowlands, 


more moisture over its
 
it rises and precipitates the 

bulk of 


moisture in the Midlands and 
Western Highlands.
as 


The Western Lowlands 
are a "coastal desert."
 

low and natural vegetaare 

Precipitation levels 

Wadis that run freely

is sparse.
tive cover into the dry sands
 

the Midlands disappear the
in Water that appears on 

the Lowlands.
of sight and well below 

the
 
surface drop out 

of 


surface of the deep 
lowland alluvial plain.
 

Only during heavy 
rainfall and rapid run-off
 

lowland wadis flow.
 
periods do the 


the Highlands and Midlands exist
 
Soils of 
 terraced slopes.
 
only in wadi basins 

and on 


and mountain slopes 
are mainly
 

Ridge tops it is in the ridges 
and
 

exposed bedrock. situated.
 
of the villages are 


slopes where most the rocks.
 to "sprout" of 

Yemeni homes appear 


the Western
 
On the lower Midlands and 

out on 


Lowlands the topography 
flattens and soil
 

The thatched Tehama 
homes
 

depths increase. 




deep and highly permeable
of this region sit on 


an ancient seashore.
silty and sandy soils of 


2. Water Sup2l
 

A. General
 

Although
Yemen is a water-short country. 

parts of the country (Ibb regLon) receLve
 

(40 inches) of rai'nfall
 as much as 1000 nm. 

produce
per year, three controlling factors 


First, rainfall only
a semi-arid regime. 

short periods of the year,
occurs during two 


from the begirnir.g of April to the end of
 
the end of
May and from the end of July to 


September. Fecond, the regions of highest
 

rainfall are characterized by steep, rocky
 
the rapid run-off
slopes which contribute to 


farm terraces.
not colle~.ted on 


Thir:l, the country iies between 13 degrees

of rainfall 


18 degrees north latitude and experiences
and 

around. Some
 warm to hot climates the year 


suggest that denuding
information sources 

of the land for the collection of firewood
 

the problem of aridity.
has contributed to 

However, there are no long-term rainfall data
 

for Yemen to either prove or disprove this
 

thes is
 

Although there are many small perennial spring

fed streams (most of which flow west from
 

the highlands), there are no major rivers
 
(See Map IV, Physical Setting).
in the country. 


The main sources of water for irrigation,
 
industrial and domestic use are f-rom wells,
 

springs and cisterns. Natural surface waters
 
is generally
are a very minor resource. Their use 


narrow flood plains adjacent
the 

to perennial streams.
 
restricted to 


B. Springs
 

Of the secondary cities visited, the only
 

one that depends on springs for its major
 

water supply was Mahweit. Al Masiyah spring
 
of the center of the town
which flows out 


There are also several
is the main source. 

cisterns which collect surface runoff, the
 

largest having a capacity of 2400 cubic meters.
 
a third full at
This cistern was less than 


is not
our visit. Cistern water
the time of 

used for drinking in Mahweit, only for washing
 



clothes and for watering livestock. However
 

some of the neighboring villages where
 in 

there are no nearby springs, 

the people drink
 

cistern water.
 

several springs around aid below
 There are 

are used mainly for irrigation.


Mahweit that 

that water belongs
states
Although the Koran 


to everyone, traditional usage 
patterns, especially
 

irrigation, make it politically 
unfeasible
 

for 	 springs for' domestic
flow of
to divert the total 

water supplies.
 

in and around Mahweit
 The general pattern 
 the peaks of
 
finds the villages perched on 


the springs appearing
mountains and ridges and 

Under these
 

hundreds of meters below them. that
the limited water 
contrary conditions, 

town supplies becomes
 can be diverted for 
 piping'and


expensive corrnodi:y.because 	
of 


an 

pumping costs.
 

C. 	 Wells
 

in the highlands
the towns we visited
All of 

(Nnran, Raydah, Khamer and Mabar).

and in the
 
Faqih and Zabid)


Tehama (Mansuriyah, Bayt al 

for their domestic water
 depended on wells 


are significant differences
 supply. Although there 

between the highlands and
 in water resources 


supply systems

the Tehama, the existing water 
Water is pumped
into a general pattern.
fit 	 using a one-cylinder
drilled well
from a dug or 

diesel engine (usually a 3apanese 

built Yanmar)
 

coupled by belt-drive or drive-shaft 
with
 

a multi-stage turbine
 
a right-angle gear head to 


an elevated
The water is pumped to 
pump. 

tank above the town
 tank or a ground level 


to individual
public spigots and 
and distributed to 


households. Households that 	receive piped
 
a single tap.
usually served by
water are 


not have piped water.
 Usually the kitchen does 
 a water canister
is hand-carried,
Where water 

is filled by bucket and used
 with a spigot 
 in the kitchen.
 

as the only source of water the

the towns visited were all of 


In none of 

households connected with piped 

water. The
 

townspeople interviewed expressed 
the need
 

their water
 
for improvement and expansion of 


supply system.
 



D. 	Cisterns
 

exposed bedrock thcougholt
 
The corrmon occurence 

of 

ideal watershed
 

the highlands presents 
an 	

runoff
 
the collection of rainfall 
condition for 


an excellent\example
it is
into cisterns. 
 continued
 
of appropriate technology 

and its 


should be encouraged.
use 


1 "data collectinn coverage 
of
 

As the rainf,.
the country is expanded, changes in 'ainfall
 

new areas where additional
 
patterns might reveal 
 to collect runoff.
 
cisterns should be built 


Disposal
3. 	 Excreta 

excreting
method for 


The traditional.Yemeni. 

from a squatting position. 

Boih
 
is
wastes 	 urinate and defecate.
 

men and women squat to 


defecating Yemeni people 
"cleanse themselves"
 

After 	 or
a dry 	toilet
A bucket near

with water. 


a flush toilet provides 	
the
 

a spigot 	 as
near 
If no water is available, 


source.
water 	 often used.
 a stone is 

in outdoor dry toilets, 


toilets were observed
 
The followng types of 


team:
and used by the 


(Figure 1) This
 
dry.it-toilet"
Traditional 


I-t-he toilet mos-c-orormonTy found in the 
stone 

a number
 
adobe homes of Yemen. 

There are 

or 
 the end
the structure, but 
of variations of 
 separated from
 

is the same. Urine is 

result 	 in front
 on the floor 

fecal matter, falls a
 
of the raised feces hole 

and flows along 


channel and through a hole in the wall to
 
usually aided
 This urine flow is 


the outside. 

by water splashed along the floor.
 

a hole and drop to
 
Feces 	are excreted into 

in 

in the ground floor 

below or, the
 
a pit 

single story homes, into a pit beneath
 
case of The pit either has
 
or alongside the house. at ground level
the outside 
a small opening to 
 can be
 

a sealed-up partition 
wall that 


or 

into for cleaning.
broken 


are occasionally
 
In the cities these pits 


and the material hauled 	
away to
 

cleaned out 




the village
 
an undetermined location. 

In 


the practice is to utilize 
dried feces from
 

for fertilizer.
the pit 


(figurA 2) In
 
Modified flush/p..t toillet. 


any of"the stone/adobe 
homes
 

e
-many-Ea"w' 
 the ground floor,
 
have living quarters on 
 This looks like
 

is used. 

a modified toilet instead~'of
 

toilet from above, 
but 


the pit 

feces dropping straight 

down, they fll into
 

pipe which slants off 
to the side
 

a sewer 

a underground leaching 

pit adjacent
 
and into are moved
The solids 


the outside wall.
to pipe with water splashed

sewer
through the hose.
bucket or 


down the hole from a 

Apparently
_lines
-eLtsew! 
2 l

um bed to lings such aA.hotels
UL
To.i ee 
 t 
Iig


asmuDtistor1edpublicbui-: 

andjOffices were constructed 

there was 
As 
a need
 

a
toilets. 

for a system other 

than pit 


result the flush toilets of both Arab and
 

came 
into use.
 
Western styles 


"squat toilet" of
 cement
The porcelain or into the floor
 
Arab design (figure 3) is built 
 sewer
trap to close off 
a water-seal
and has 

gases.
 

in a "high
 
This toilet is flushed by 

water 

The flush
the wall above. 


tank" mounted on The Team observed
liters.

volume is about 4-6 flush
 

these toilets did not 

in some cases
that 


efficiently.
 

(Figure 4) are corrmonly
 
European flush toilets These
 

in hotels catering 
to Westerners. 


found 
 a 12-liter flush
 
toilets are designed 

for 

to be operating from 

8-12 liters
 
and appear individual adjustments.
on
flush depending
per sewer
 
They are a ,,rear-flush" 

design with the instead
 
connection in the wall 

behind the toilet 

a result,
 

in the floor beneath 
it. As 


of 

they flush quite inefficiently, especially
 

less than
flush at 
are adjusted to 

when they 
 Usually a spigot is
 
the designed volume. 


mounted nearby for 
hand wiping and toilet
 

is available for Westerners.
 paper 




adda Concorde
the
such as
A modern hotel 
 installed the American 
Standard
 

near Sanala has 

toilet which can operate 

at
 
"water saver" 	 This cculd
 liters per flush. 
no less than 13 


an indication of what 
may be considered
 

be 	 but is
toilets, 

a modern ,,improvement" 

to 	 lines
of water. \Sewer
use

actually a wasteful run
 

the above-mentioned toilets 
usually


for 	 leaching pit..
cesspool or 
into some type of 


to
 
Excreta disposal without 

toilets appeans 

Feces are excreted
 

in small villages.
be corrmon 	 Urination
the villages.

around the periphera 

of 

on
 

disposal usually occurs 
and wastewater 

the ground within the 

village compound.
 

each Mosque are used
 lots adjacent to

Vacant 	 In some cases
 

public excreta disposal.
for 

(observed in Khamer 

and Raydah) a public 
toilet
 

building has been constructed 
(Figure 5.)and
 

In other
 
thekfeces pile up beneath to dry. 


(beside several Mosques 
in Sana'a) the
 

cases 	 on the bare
excreted out 

feces and urine are 


ground.
 
4. Hx.fiene an,. Sanitation
 

handwashing is accomplished
Essentially all tanks with a spigot
Small
with cold water. 

are located in bathrooms and outside 

village
 
be a conscious
to
There appears
restaurants. 
 the people to wash their
 

on the part of
effort 	 to eating,
 
hands after using a toilet 

and prior 

corrmonly used.
 

Soap and warm water are 
not 


In
in cold water. 

Laundry is usually done 


it is done around a cistern 
and
 

the villages 

the clothes laid out to dry'on rocks.. 

Waste
 

from laundry done inside the home follows
 
water 


same path for othe' wastewater.
the 

in large populations
 

The corrmon housefly 
is present 


around markets, restaurants and in many households.
 

It is found covering 
garbage in the streets,
 

exposed sewage, and fruits 
and other foodstuff
 

in the market.
 

CONCLUSIONS
V. 


A. 	 SectorSQanization
 
five big cities (Sana,


the 

At present, outside of 




all domestic water
 
Hodeidah, Taiz, Ibb and Dhamar), 	

the
 
supply construction is the responsibility 

of 


Rural Water Division (RWD). It appears that the
 

RWD is receiving sufficient technical assistance
 

from the UNDP/WHO institutional support\ project.
 
support


RWD is also receiving financial and material 

the point that donors
 

from a multitude of donors to 

for a piece
are almost competing with each other 


of the action.
 

to the team that RWD is receiviwg more
 It seems 

funding than it has the capacity to effectively
external 
 source
information 
manage. In fact, more than one 


stated that projects 	already designed, approved
 
in limbo because funds and
 

and funded, are left 

materials are tied up in the bureaucracy or diverted
 

to other uses.
 

(DEH) is at
 The Division of Environmeuttal Health 


the state of organizational development where external
 

assistance could play a significant role
 
technical 

in its future operation. In stark contrast to
 

the RD, the DEH is receiving little assistance
 

from major donors. The team suggests that DEl
 

should be the obvious focus for USAID/Sana's initiatives
 

in the excreta disposal and sanitation sub-sector.
 

the other YARG agencies (i.e., CPO, NVASA,
None of 

interests in village and-
YCMINCO, MOH) have major 	 each
supply and sanitation; however,
town water 


has resources which should be utilized in the planning
 

and implementation of projects.
 

B. 	 Donors
 

donors now involved
the large ntnber of
Based on 

see the need
in this sector, the team does not 


village and town water
 for USAID/Sana to expand its 

The major


supply activities beyond project 044. 

the need for additional sources


problem is not 

the need for YARG to systematically
of funds but 
 inputs.


organize and coordinate the many donor 


C. Technical
 

1. Water Su.p.l
 

is no program gap
The team concludes there 

regarding secondary cities water supplies.
 

Any further USAID/Sana involvement with 
RWD
 

will only tend to increase the project logjam
 

The only logical manner
that now exists. 

for USAID/Sana to become involved in secondary
 



is through third
 
cities water supply projects 


(e.g., SCF, RS, Peace Corps).
 
party agencies 
 C
 

2. Excreta Dispo sal
 

excreta disposal
 
On the whole, the traditional 


system used in each area is the best 
and most
 
for sterilizatita&
Ample sunlight


appropriate method. 


and drying is 	present 
throughout the cquntry.
 

is the most
to sunlight
Exposing excrement 

for purifying 	that daste material.
 rffective means is
 

banitation problems arise 
when excrement 


disease (flies, cats,

vectors of
exposed to 	 (bare feet).


direct human contact
dogs) or 	 be made to each system
can
Minor modificationp 

to make it sanitary,
 

the toijet hole
A seal on 

D 	 )it-toilet. can prevent
to the pit 

an onTTh'-aEZess hole 


disease from contacting fecal 
material.
 

vectors of 
and ultimate disposal 

of urine
 

Better control 	 Other
system.
for improving 	this 
is important 

can modernize 	the method 

and
 
modifications 

make it work more effectively 

and be more
 

aesthetically acceptable 
(modifications are
 

shown on figures 6 and 7).
 

The pit in this'
Modified flush/2it toilet. 

However
--[T--y-	 s-already-sealed-off.
sa


tole system isa red 
the other modifications 

described above for
a more
 

the dry pit-toilet would 
make this 


effective system.
 

This is merely.

.oile. and flush tank. 


, 	 fied pit toilet
i-n-T teoo 
a miideriz 

Its characteristics are
 

described above. 

as follows:
 

a'holeseal 	instead of 
a water
(I) 	Provides 

cover.
 (generallY

Combines urine with fecal 

matter 

(2) 	

considered a disadvantage 
since urine
 

counteract the natural 
decomposing


tends to 

in the feces).
organisms 	 the
 as much water 	as 


(3) 	Utilizes 2-4 times 




modified flush/pit toilet.
 
on urine movement.
(4) Places a definite control 


fixture inappropriate
The team considers this 

and because
because of increased water use 


A more appropriate
it combines urine and feces. 

fixture would be one that separate. urine.
 

The use of a Western.Western flush toilets. 

style toilet that flushes at greater than
 

3 liters is an irresponsible and unnec&ssary
 
in Yemen.
of precious water supplies
use 


The use of any western toilet is inappropriate
 

and should be prohibited except perhaps in
 

dwellings catering to western quests where
 

a low volume (3 liter) design could be used.
 

Sanitation
3. Personal Hvgiene and 


be a popular misconception
There appears to 

among the Yemeni people that cleansing with
 

The team noticed
cold water is sufficient. 

in
streetside restaurants
that at number of 


tank- of water,
villages there were small 

a dirty towel and a sign depicting hands being
 

a spigot. An awareness of the

washed under 


is piesent in this society.

need to cleanse hands 

The next step is to effectively introduce
 

that cleansing process.
warm water and soap into 


Sunlight is an ever-present source of energy
 
the production
It can be utilized for
in Yemen. 


a relatively simple
of needed hot water by 

each roof top (Figure 8).
installation on 


In the Highlands a freeze-protection 
provision
 

In the
should be designed in the system. 


Lowlands and Midlands where freezing 
does
 

can be quite simple.
not occur, the design 


The team visited with members of health clinics
 

in Arnran, Mahweit and Hodeidah. Work in these
 

clinics deals with teaching mothers how to
 

cleanse themselves and their children. Warm
 

water is not available to the clinics or to
 
they heat it on
the Yemeni villager unless 


to
 
a stove. Providing solar heated water 


an example would provide a direct
clinics as 

education and demonstration.
avenut for 




NATIONS
REcCL
Vi. 


Sector Organization
A. 

its
 

The team recommends that 
USAID/Sana limits 


Project

supply projects through RWD to 


future water ogjam is
the present project
least
044 until at 

effectively managing
 

cleared and RWD is capable 
of 


project portfolio.
and implementing its 


that USAID/Sana explore
 
The team further recommends 


providing technical a~sistance
 the possibility of 

in the areas of excreta disposal
 

to the DEH/N'%ZM 

and sanitation.
 

B. Donors donors participating

of the large number of 


9 eae the team
 
in water supply projects through the R\VD, 

supply
 
any future USAID/Sana water 
recommends that 


third parties (e.g.,
 
projects~be implemented or 

by 
other donors (e.g., Federal
 

SCF, CRS', Peace Corps) 
 than through
Republic of Germany, Japan) rather 


RWD.
 

C. Technical
 
1. Water SupoLY
 

The team recorrmends that USAID/Sana identify,plan
 
low

and implement appropriate 
low-volume, 


supply demonstration projects
 pressure water These projects
 
through third party agencies. 


use of solar energy to
 
should include the 
 institutions.
 

in homes, clinics and other 
heat water 


2. Excreta Disposal
 

The team recommends that USAID/Sana plan and
 

to demonstrate dry and
 implement projects 

composting excreta disposal 

systems based
 

on' traditional home construction 
methods and
 

designs.
 

Personal Hygiene and Sanitation
3. 


The team recommends that 
USAID/Sana plan and
 

use
to demonstrate the 
implement projects 

of solar energy to heat water and to demonstrate
 

warm water and soap

use of
and encourage the 


for hand and utensil 
washing through existing
 

SCF nutrition center-in 
Mahweit)
 

projects (e.g. 




through new 	projects.
or 


4. 	 Project Design
 

the above technical reconmnendations
All of 

team recorrnends
 

are closely interrelated and the 


integrating these components withiT 
a single
 

nackaee whereever feasible.'
 rP-;Pi-t 
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~ j hou5e imSanT .SanT ar.ittectUre, even inniull 
' ~ ~usPhas.5t~fl3ingredient.of conventional fo6rmality, itis this,. 

h" suto or d re ep~seto the exte ricots. a
6'is Oevnre strongly felt in the interibrs.hirchlest ah~ 
*hveswahC1 cub;C or rectanigular, rooms

A2 herpi. 
ouare or circular windowsWI11

Pudklcvtnv'ly sPatcc doors, 
'an lCaVeV lusrtin.o.8 
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hillsides which'were too steep Or rocky for agriculture, or 
aon th tops of hills. Isolated farm houses, glthough they 

did ocur, orcomonly, clusters of buildere rre. 
inp were ected together for mutual proteeton t 

.. "" The' mountainous terai 	 afforded good fo 

at iany, moment decen t 
.'" marauding tribes who might 

pillage the villages' and rfrsof the agricutura r
'" Th.,.,.roughoutthe regon, toesbilt of ccocnS~e 

uild,,s,
kind identifid in ancient Sabacan 	

mes~c,:.work, of a used for domestic ePUrposes'f+toon"'t" 	 to have beenr~:, seem 

northern villages still retain clusters of them too numerous 

in number to have been part ofa fortification system.t 
st:ems likely that the modern, square, towe--r-houses seen 

in farms, villages and cities an, sophisticated descendants 

of such a prototype. An intermcdiate phase may be 

',*i'",' represented by the circular farm-houses, the nobah or 
a' which continued to bc built Until recent times. A 

o f 
n allhese tower ose ts,I 

modation is basically thae the accommodauon of 
floor is used-forThi ground 

animals, ranging from cattle and beasts of burden to sheep 

and goats. From it a stair leads up to the first upper level, 
small part of thea mezzanine above only a 

's *... ,.sometimes 
. ground fioor. This first level is used for the storage of 

Sgrain an fruit. It somtimes contain one 
placed on the ground floor, inside the enirance. In largeare
mills for grinding th ri;atraiely,,these mills 

-* *1~* 

or merchants' houses in the towns.there may
-houses 

be morc than one lcvel for storage of this type. Above these
:1.., •'."" '" .*.," .'.,.. .th-

containing a
levels is. the first" donicstic level, usuall 

in which business may be conductcdfamily living-room
- ' ...... 	 livig-roo is tlarelobbfro•whhacessothaccss]Lto the liinq-roomand visitcrs initiallv received. The staircase opens into a 

. -,:"l "large Llobby, from which 

S obtained. There %ill usually be another small room on this 
.r 

for the prepa, ation of beverages and the charcoal 
level 
brazier for lighting pipes, as well as a lavatory or bathroom. 

The floor above this is usually devoted to the dian, the 

ot the house, kept locked and opened only
formal room weddins
for imortant flfamily ocaincildbirth, eng,occasions, ch 

of the dead. The kitchen is
feasts, andthe laying-out 'Withsmaller

nerally on a floorabove this level, toe therS . 
,uedof the uildin therand children. On theth.'.topnh; the women wibe,atlean 

roof, or at t to of hir bniin, there will be at least one 

used for the afternoon entertainment of close 

rooms used mainly 

'room 
the house relaxes with histhe owiicr offriens; here 

aoates to'chew the stimulant 
com or u laq"orsoetewtrpp.'isro ismc-

zau close by folding....... s..utt.rs to

L- "~cn ma.lythe most laboratel, decorated in the whole house; 

wi 
allow views in three directions; rthe fourth direction, th 

north side. is kept closed to prevent the entry of cold winds. 
walls of the houses are of masonry, andBecause the 

of heat and cold 
thickly plastered, the extremes 

'... experienced from noon to mid-night are rarely felt indoors. 

sm cithes out most of the temperature difference.
Swhich 

There is no heating, although the climate is quite,cold in 
is.provied i the sta.rcase and 

: " S~~~t : vetilatio 	 ,.winter,.. .+
J 	 is provided in the staircases a 
. Permanent vt i 

Cooling boxes.of projecting masonrylobbies by means 

.... 

!, x:...... ' .,..; 	 .,, 
1

" . .... 

- " ' 
-

.' 
: .. . 
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. . 
:.: top of tre house, a solid onstructon .f ;.,on- with a m i 
The staircase usually contkenes uO urO.ofl from the bot.o 

ftonwi artoofrehu.asldcnsrcO 
coe actir? as a ..nooo:tr.Jctur..l sointo 

entrn h stueudr; Th'Istepso rvie3-Sand th nittn ome 	 eun rc n aesepgi~!s a anding are 

rt hc o Ier fsmef esehinnc 
tne3metre i 


thele3smarruoulithanomhht be ima soedsomw'nf toetheighear,
 

olan of the staircase there are rarely more than three risers
 

flight belore the corner landing necessitates a change inpa. 

. ona o 
n v-drooand a'bce;;The oathro"favatory of thc houte shown infigure 2: thi 

.voical bathroom con'tainS a ', lasyato. 
hower'. The la.atory, a plastered stone platform isbuilt ove. 

-roo down into amasonry room at gri
vertical shaft which 


level in which the excrement drie. Inthe front of the la-Ito.
 
laticrm isaslopini section icaoing liouids down to,a cnann.' 

run tnrouh an opering in the 0a.'tstone floor. Thehics 
wall 

Smells are complitely eliminated from the lavatory intwo 
into the 'l 

ways. Firstly, by ensuring that liquids are not l 
drop shaft or soil chamber far below, so that the excrement 
very quickly (San'' liud .... 

has a low humidity) and b mes odour 
whic......apot or lade (mghrof stans onastonelner 

. 
r 

th. lavator. andwitrthis, sufaces overSecondl, 
o a or s a stone sp cyle

S~~e s nwrcot sis s a raf d 
apart..cownh are after wasuinsSw ,'led 

whichthusersquasL andta ac drtcal ston- centrally in r: 

. roet cn taine-owat.rrthe. wtar red tp eea 
wnicn ispoured overte head ard boa/ 

figure 3(right) , rhtina'.(Sc
 
3 (right)
 (SameThe lower evels of amedieval tower house in San'. 

key as. figure 2) 
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whth capsbe Closed in cold st 
1-iiaeshuttered whor ventilatd at oigna grichcanben 

Romsare normally th~
wethe. w allsbctw :A rhiko ar~'r ind 

oons flaps set in th Itilaionccn te gardens mal 
nde iy vnilti." thei fanlights. in the rareevent of high humidity after rain, 

the lower shutters can be openCd to provide cross 

u usa njhewht...... intoc,thedow In • eCss " 
.- TMe lighting levels areih-h... duenon.to the largeso areas of 

ventilation at body h 
-;e v 

fanlight above the low shuttered openintgs. In some ,k.. e,the fashio for colourcd glass has reduced them, but "n ,i.
 

thelrh the alabastr panelS above the shuttered • V 
e '
unit;

€ int~rmorsamily t m h 
wte"oe"golds lhtwith aitcwindows flood the interor bl o ely uniatedYemeni houses are norrn td ethree, cose a ownc 

old house" may have tw1 or, even d. ...fudt in which case they V |waifie: lihig ir foun dation, in wh c ca:' " y a h ik ior are ctaqf 1he mountainsIZsC
0 e r , 1CTe frcdm'h 

:h. t.. wih,&,may be bubdivided. atm 
ometrrc th ..

and--cities wite•.Town en 
are not W•lled" So th'Most e t..r ,c ..... above 

. • ' Igt ansud 
Jewish quarter was scgrcgated from the urroundig area 

t:be"contirfll 
l'rm he huse sothat their walls were sihlo' o 

t." by abildngcompltely enclosed quarter V•
hwvr, the jews ere separated a"tw ntra~t, 


by some distance, andin these 

from the Moslem town .. r icr aPPears' 
cases continuous enclosures of this kind werc not ", '; ttention V, 

and decoration 
S" Molemintucue - ancn.rr..fhihhueneCC55SUr1YMtowns are usually concentrations of high houses 

, . iY h iddct by
than rural houses, but in most respects quite like hm.. , .. 
trm a fairly' concntratcd central area the houses Spread .' 

....-'" is th ., - e * 
: ~~~r tcrecr: intoIt the sn.at ered towcrhouscereowfarms atastheIs " , : e miros n walit: ,edg C f .to rarely is thre any fortified townotOnly 

w ld, s ish Lt-n -. ' .inn orro.orn;n 
Yet some pre-Islamic were thee. wasl. 1-1t gdeserteW,.1.' eIS rii 

clearly evident from the surviving ded lts it of ri 

which are,,',n-ed by high vertical wallse builtoof " no t lri 
with square The uoOef enlertailmg roomls'.n;.... 

blocks of ashlr stoner•cangular 
$~ t m ,oSthenouscfor h-'- a sSa'ah bu'I~iC alargehigrvals. The finestsurviving theamrelr,aroig bastions at shortf naint r a i andiinlO a are toe 

. the toor . tnee teere sor 
w.n nd stmulnt leaf" otand ens.rta 

there 'evidence that a a 
. t sve hrned o otn. yimiar Use.Oen,o .. e sibe . 

ciie had such .als pnu avs 
o ta . ohhe "until th

wbastions hav trao richr matariaicities walaad haie lowye evenion 
._. .i....Qroofo folo warsurviving wbations .. t"e m20t0-0 

.. d. arini, Tne .. 0 .i j saced eand ,
which' arc semit'crcular ,foundatons 

and mainly built of layerec wit fondtin aund ri a -. ~ .
aroun o h 
lower courses of rubble. Often the twn grewu'u u pini the expifan

ving bbeen "swallowedits : a 
the fot of a citadel, so that eventually the town and hence* lsed the citdel with 

.. .l enc ...the fown w l , D hu Jibla, and 21iu 
beaae, ofmar Ples are San'i', Sa'd spaice ... . ,pwr am's ar.risis-usially a ope ah with" ..semi-p ..rhemaind aboel toAMo an teeo .Pa or p rmndt h arg°ralS''se citadel rtcforc~hbecamcm a h R d ' . B uildings containing -. 

reu aoe r an lccasionally .. with 
f.ss bsinge.storeyc tmpassthe'a to.l. Citl wr Y or mar 

f , thewpat ra slla, workshops or store 
.f she., own htadels th. .. . hi se aharkt ns area there_;crclgwallofall. C wa orignal raised stallse.wit, h tc ca 

" r actuajl tile org
u .. ..through Encl n s of characteitl a 

s .. 
ia dh theh rtwshcar'aneri 

rga y frTequntlreetof..nd a n nciet,Of Sana tOf the town wa l 
fitted together lanked tofern houses wih o v 

o--f ge bousy omposed WWIrtret h-wishu.......... rb .,ahu abd pre-fine taiwnts--.. ork brickworkI 
aote n r u toethe.. wth o Shto•hlmin m(athrear bast"ionsa ancient gaty .. ........ jnltcu 


f lar boulder, roughyy-shate ted heeals and re'there, i- fcus igtr flankedm toercircuof anysithi ac o th 
resh fondtion whichanqdThee ue h - 'itis arth othe arc

bllvcd tto ing trighthearesol 
F ida ' jintsco ork whichoutsidae ne thi yS of thew o 
wall buth mot 

vgedows tarc then' t e wgitse l n o ans hmosquandr ar oancin te bg is the L These ha ve c r s * 

SIhslaficin date th main focus..Sa dah". " tvp atan~ ... .... iins wi d w n o 
Frda mos ue :ny size. meg 


Sn hsave
monly of a
'o .h ny d o, he g r e s appeara ktna d ar5odn freqittl1 

w ain sh c y wi ll,' pr oa lw 
"hwei ethi ma ket is 

-, ,Sn

howc h, 



be a delusio, produced by the accretion ofbut this ma 
centuries of rebuilding along the streets, so that the 
building and street levels arc raised several mctres above 
hCuiin und lvel. Occasionally the sinking of 

may be due to their location in old clay-pits.
the garodn l 

wcll ramp, the well
each garden there is a

Anached to drawn by animals, usually working in pairs,water b.ein 
"s m;tho o JO ,,.n excavated slopes. Yemeni Well ramps 

V: unisu, l in gcnerally being roofed to Shade the animals 

whieh the fields are irrigated. 
*'cla domestic water supplY for the larger towns 

' Idcities wasensured by the provision of underground 

coduits tinthe Persiian or Omani model, which brought
from clusters of wells in the foothills of

l -. collectel 
the mountains across distances of as much.ast8ki'omtreS. 

houses imt.' s
11.e predominant square tower the 

arc more than 
:'hig,.f teSO argst ommnlyh~snhouses ,s~e,

•sito.-. withr' thcir height. Many 

five stIorys high, the largest commonly having 

icht or even nine storeys. A view of a city from a distance, 

15th many hundreds of these housessoaring behind eachI 	 other above the city walls. makes an unforgettable
iipression.housese

even if wall toua one
seldom joined together to make with's

The houses are:" architectural facade. Each housec, wall 

another, appears to want to be looked at for itself and Pays
*'ii. the othcrs.exact alignment withSlittle'attention to an 

so packed that they do not 
Jany of the largest houses are 

in small gardens
havc an entrance court, others stand 

hidden by walls from the alleyways... 	 '; 1 
he!aon - : f" rnihedintha.rofalmostal 

for c.ting, sit-Ing or ,c,rcc'S wnl rer they are ii r, ieteahearea nearest the rr' ,- fl1:r.c 
, clea, to allow one to eaveThe- ."(e 
part or all of tne remainocr of the space is 

' o" t ' an 
round the wall; with acontinuous seatof* 

nd CICI .n,. these matrc against tre plaster wall 

cusiic as back.rests, stuffed with straw, 
,.. a,, .lac , Tiat e cushionsas headresr.e 

cusually hard 
.	 . tit pcarpets cover the seat cusnions

* fen ',., c.,eThere 

.. I. .Ahm: 	 .

--,,., 

r.izz.,the ., 

I..?.rmanent 

n~lo aN4it,e,..etatitmr 

..uppOrt
 
trecs f
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The diwIofthelargr Ian., houseshown inplan andseonn 
figure3.This typical l:'In isentered by apair of double doors
 

which are usually kct locked as it isonly used on formal

Such bigroams are usuallycrossedlong and 34 rnetres wide 


occasions.lIn anaycragc house the diwin would be 5-6 metres
 

with masonry arches to strengthen the structure. Generally ore
 

cnd of the room ismore important than the otner, and iskept 

furnished with cusnonrugs and carpets 

The houses of San'aL 
largest city

The houses of the capital city, San'a', the 
times, are noticeably finer 

in South Arabia until recent 
of the rest of the country.areasand richer than in most 

They are constructed of ashlar stonework up to approxi 
street level and have exposed

Imately 6-to metres above are , 	 brickwork above that. The stonewalls not solid but 

have a rubble and clay core, with a facing on each side of 
squared stonestapering slightly as theypenetrate thewall 

of thebricks are flat square bricks made from the cla 
r rs d ottk ea 

surrounding plains and averaging 16.5 centimetrcs square 
areand 4 cenumetrcs thick. Externally the lower levels 

as bare stone.
simply : -tewashed or allowed to remain 

entered through only one opening, a squatThey are 
door usually in the middle of the southern side.

wooden 
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onald LCWCOCk	 The age Ofrae eall=Upper wlls are 	 generallyn two . . bricks thick, that is x I s n t i k e s
d l c s o o r an 	d wi d w indh s a , ,,,X' Uw 	 1 

, a"e. b-ic-swinothiccness. The upifost storev and prapts 
aa wivels 	 r to theacatches and locks of doors,ahe hingeand tcebricks ir tr n .- low tWO of th ethhotuselrf r fi o oFixingthe hg ked 	 ~ rei focem ent ' pro vded by p e rs- .€ - . a t f 

wsarYP rSto beunho W b.an . s . .. ro ud m ay o 
m a e 	 ........ rinto . sometimes one i- ' ceilings'.
dome"beforeare althe framesare buil This-tbuilding...ot ony alows te widowsae only bk th 	 1" nd d 

s... 
bO

mbled qjckl yafterwards odno 
: .' n rc nticnsWt
S "catches -~Thi n 	 t nly allow s the w ndow h nda dsrs lbecunooke ~~ eest h 

cthsaeall made of various types of hooks fitting into ringssmtmsolralace 	 ilt in stone.uiy ofGhwhile the frame isbuilt in,and ten seedr f d 	
sn te hue fI to o 

run aowro an of con. It had atlca$Wodell bandose 	 lower oine so that they foma 
sashes to be easily removed for repairing glass or for aspecall th e a y 	

^ s-iht pca~ ointerchanging with shutters or sashes of another type 	
buildings. "Treywouldnt."a.. and its heighbut permit 	 tinuous girdle holdingthe walls from bulging out in tl 

left. sha cc4from, slabOf gypsump~se 	 70 metresboto 	 ye l a ' -,l- Tby wo.ld naturally take up strcsses mauVV~ndowtraerv'=" y is anteroe i o ruilns.t and belowVthe ow e r m 
uter t cr y s unlzeda ndth uake shocks. Th.n special room o tracer 	 abeadsov* m rindre. I aae. 	 wal hich due to unequal se tl et or 

as' rie.Nor. a'llY 	 lt e ... it f. t e e ih udS"::" couildng silte cre Cf 
and th 	 £rame ma 

arc usually two of these bands above 
another layer cf trac to 

rsm.icen~ s ofglass oversa dry tracery panel, then casting anothe 	
hoadh nderefo tena ad 

rge ninws uh ting ston 
s over tne r.side face which isfinally carved to 	 r Wr~ollpieces 	 I''J5 ... ' 	 eye t stoe r t c irtin orTeeoreoften whitewase- aymatch h orker carving the front and back patterns from another runninwgs the rofoeabheuogh th Wood- n .- . irste 

gout isdone. the 	 ci of~ The I otANoelabora te se t 	 d~alo i educkna",n A 330/94pat e r nl. is contr:m. of an. extra. ."l-m 

mepmr and ahisedimmediatelyrlialsseldom spannig
*m t h h e istixei ng 	 .. TAfih iroofe with s1 eid plm 

. . . .,,u 	 b abttm Centre:memoryandathighsped;, " 	
. . hc is -renewed -... 'ouss. one' 

afoor with rough branches as beams, setcks spanning T7d 	 t . a 	 ,l ate lo parapets rersof San'
arodcanis withs, _ wedl ant ohwood One 

more than three and ahalf metres. bundlesof tics anin 	 on te roowhh a by 
f Sn'sof clay above that. Finl ,ills 	 is 

prets 'wrsicoltdatheob 'etwee tern, and 30cenntiet 	 fall onlthe romof W od clanirOeanot~terwhich 	 nfloor then discharged W611 clearof the wa 
tnin stone tCaos will form .e 	 pa Spenn o!a , en areor spouts averagi nearly a metre in length. imposing I.otton. ron -s"o or the parat,

Scfd"•Usene "rr fg raet ma e o rmalt	 
l -P 

out $,doC th pualdVWorking orn *"e 	 desc .. ... 
-A. 4.)*~.;~i.eeces ' ... *.. 	 . . 

-	 saciousncF4.:"*,.:-. 
** .o.c* 

The old , , .	 .oovqrI.* :. .... builtt heir 
.-.-''. .. -, ecaycd, or Iot, 

. .- ".. c the tor
4z 

. . 
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Towns andjiuildingp in Arabia. I',' 

I., 
.

i , that •is 36 of the towerh"e-'t. ..The Se e
andh houes seem tohave existd inthe Yemen inpi 

Hi~tiYaitic inscriptionin Ta'izz Museum y aA r!,":
.and parapets to the construction of a house with 'six floors and 

six ceilings'. A stone of unknown provenance shows' a 0
 
The great Sana'
theof a house with nine strys 

',
Ston use. lace of Ghumdan is attested in many Islamic histories 
"' 

[t at least seven high storeys, possibly as many as L13,. 
form a.€o 

and its height awed all the historians. Reports vary from 
,k up stressesIng out in the square building with a

70 metres upwards. It was a ........
 .room at the top 'with windows each fitted into a%hocks. Ihere special ' 
p:',,
erected in the third held 'in a jamb madeof teak and eboony', It was possibly

the) ,west frhme of marble, which in turn was 
ow.Isomeittimes 

d on the orders of Uthman, V 
ftur AD, and'destr0yrh y arc 

the third orthodox caliph, in the firstfseventh century.,.
'A l Hamdn ,
"tl,.rlTC not 
in Abn Rusta 1czo-oO]g3)

ic'n,,"fcly; occurs Islimic times fA 
The first description of San'a' houses in 

several references to San'a' 
• an Lrtsh~d (dCd 3301943) includes 

another refers ~~1~*Oof because of their helght'.waesannuy fi toe OgerCofipates mdtwre Lsehr ote~ 
toarpt and tothe clenliness of the sanitation.) AI-Razi quoteshim

ria'nca f Wooden of the San'a' ,. r x'of 'the loftiness of structure 

4 Al.- azi says elsewhere that the houses were 'tall
as speaking 

house. 
many had high prices'. Ot.er early "::" " " and imposing and 

" 
use of alabaster in windows and 
 .
rtcfcfrncs describe the ,." 
Rses.the spaciousness and dean white interiors of the San'a'. 

ho s . '.- .
,,.
. -. .,.The oldest surviving houses have frequently been ' 
-
,- -V " . . 

as,. J, .".. ,:...'...
% ggc..e the . = ,-"'''"?'.rebuilt in their upper levels. The thinner brick walls have 

iced the top 0f the building. At various times, tribes 


cracks have been ecgeae as0ey1

decayed, or lower A_,___-,_,________l

afraj storeys of the 
me have sacked San'a' and then the 

. . .in:arrouses have been sacked and sometimes burnt. It is. 
.
 ' 


clear however, that the lower levels of some of the houses 
" 

)- are rg".ely old. Documentary evidence points to an age 

age extending back beyond L300 years; the 
donot have an 

.topmost storeys are usually less than too years old. 
r ..r

,.M highland house -an alternative type 

- . . , .
the * , a ...."1.'ot all houses have their reception room, inafraj,'on . '"." -. 
rof some have the mafraj with a'reflecting pool at ground. . '. ' . l . 

. A . :. 
} eolAs this takes up considerable gound area, there are 

. . 
very fewof this type within the alls of the old cities, .' • .. 

C....
Rawda have many such houses......Ut newer to% asuch 

outside of the old walls of San'a' arc the garden quarters 
' . 

whi ere particularly popular during the Ottoman
 

and the Second Turkish occupation, and these 
 - -.. - 
..larger houses and palaces which commonly have 

#" '
of this type, although -the richest may' have 


the roof as well (see illustration p. 17).

other on noIt
I-hrceisial
Although situated within the volume of the house, the 
; is top:not entered directly from the 

i i= charactcft tower house in ad shown inplars ad 
The front of a sma 

separate outside'entrance to it past the section infipute 2. To the left is thevertical drain for the disposal
there is a le-washcd plaistered. An n arcdeo of liqids from the bathroom; it ismade of .,watcrproof gypsumAn.,. ,dectondieL, 


paser.Freouently vertical drains are elegantly~ shapeO ano 
shields 

r-n, Providing a sense of enclosure; it is overhung by are led to a 
Otickwork the mafrai pool from 

decorated As they reach the ground liquids disaopear into an 

the arcade. A trellis for .ines underground drainage sump,from which the,
1tes plariediust beyond 

French drain for disposal inthe soil 
the pool and itS central fountain, sometimes 

ses Houses inSa-dah. The curved courses strengthen the clay houses. 
)ported in the centre by columns which rise through the 

as does the batter on the wals.Afew of the houses have been 
of the pool itself. rt 

large arcade frames a loggia which separates the pool finished ina clay plasterso that the coursing isno longer Visible 

Mte jnafra) in some houses the top of the loggia acts 

IF~,,gg 

AWN' 
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' Ronald LcWcOck 

a,"..a s creti .ste? for the private use of the wgysum V 

s ae..,.as a Ctccndterace 
* f tvindoW5 

TowCr houses throughout the nidiand an4 !7CC% 
fo!und.Z~h Central• h u."os arc~fY mii-g ~Mindttht hoUt mosttheyla ndof the furthera 01 

curtn-r 7
Y e a-nin Soutlocalervariations u 

ad urth e souand east arcg therlr.hOU"
fladr< more s oreys, th- %1.21*• 
. ticnha gthnd at ith a fn r or rp.orsiriltrg 

• --
-tial nature of the house 

e spC"i A intaj'tl7¢,C esse andr; ,an-,a. anycCltohhouses:,p' tohp• 

in co.ual 


"- for .; r 
nlyn
 

.. 6 6i z ras .:_t V.ih h most rf cc. an . ......- g ..
 
i'.., " ' louerones scr ;if v_.and ma 

an "he :hoii is simpe ren ,,sreadoor p
hentc oouS a3Cw .. : .' ; ' ' '" " -u-S (
' and..;
thebc
ick, i as"{ i, "~ sunhate r - an , .'~~~ mndewiste lfil. ha ee I'lyvnri t h orth,e houseoa 's el w our S . 

" "'"ISaso ...s. appc ac nls on -h act bubane not c~n9 ssnial tva nt rcY ,a " dt e I. .. of thi t nnisP
onl. ..€ as ofhousesoostor.in ill-dat bssco the_h ae ,k3*typelwihal h, , ssu.e. ...d ring and 

tsam treYS. tbls 
Fam rwofenbovc. More commonlYi ....urt
'... . : 


'-
•:

cliy
er toryscoursed littered Ithe'lo
'o viu oof ' aseen~ghouse ofian ouen
doorltial
houses _The may : JOIbuildin sqar'Jsqar a-single us that, it-s nmt hn.o was - . = and store r o uses .thesho "f or pn toth
aftaarce " 


•". -'ie. if the w Crebu lt in _in-g-. 'esp. ... some
imed cnlayor 

l s, 
. ... theiry litt 

ti-o;-t-lthal
by.~"''Iorsd 

~ ~~~~e~~ A~ ~~ . .,-
ew eenonli drical, hous bkb 
tant s that the exist lfYei"ab 

-i.t.o.fte nIs ,.. 
rid ,i e n tndae,a ofy l b dina v 

c bi Ec thf e epf tsrbelow. a*lti fti~-m h Iu h C P,y
thefashion, P au the ~dh Qcacetn rhr ct rtecn fromnthttfh t i n 

ra mbra o ~~~~~~~ efu e l a l i lof thsm trS.. ilacYT tse bul o re poret~ cnsrdo, f~j b d i g i
alF"O~ e.irl ad i c antil e m dc uS iis~ th stoicsoftened cat:au ) iCurs a. atbe' t oibtelarge .... cl.a nd the : ' , vi th rYv.n.i_.squae ar T,uhe" idi capital 0on dih e~: ien " 
.... by buidnorh the o. lne ri 

. "- :-' 

. ." .. ,.. i
characeilse 
rt o-_th.e central plain is n i 

The' nrthcr fl ' pZ 
. .. h ar•4 ::
'n the tbu.t ndc eur ies°. in fo e r 

Visual separation e ftnee e.": "'_t
a slgh lcratie top) the botto.m of each course 
a tt aytehighoinne.rhsc.th c rci hot q:;.. crer fal,lt'in ,'thdoeu nt res 

or.eartliq'uak a dpt.:' ..e.tcl:Eg consolid.iii?. ancien e ndswt 
which is frequentl.y twhe wa d , b. the levels of.v of daccentuated by. weater-

onstrucli,,ot u n clealy. relaQcounner d rubble,.itusually,ea . .. the uppethe bhorr the '• i renu.whYPich ee" . ,, In o i ,.a. e ccoursewi islftn '.Itti.til heouhcl.asd1tistiqtaenn fm 
eoo Om It aget T. tw en .30 and 40' 

. 
•'np fn. s .. o nah i o fbe"" .n ne ,

d . andienad e ground t ,',s abo s 
ws .
.,.',c".' -_e-d 

c f s it: clat d, .. i ane m ttr -hcd i 
thft stablty . 4 cendimctx•e 

monta al er~~n~tn of bnc7,l ay iutc it rugstnesab 
• 

o iim erv. handC or brceo w~ e g inC Which c seena l h a 
-:ofthLe e ngth ,,. 

i thor - e .hn tak assi.e.......
n t. .-

.he .' .cnie th, l th e 

Mu 
.'gr h eworm c~ho s c ion s tofaaue a ofb i t h 
n..tofrom.th o w i h n lipa lssed l du i ,tin n s 

clit northerI tio 11cin 
" , , a ofr iuhehs p e 

t 
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calUsi ditn e 

- ,n. r o e
 

f smallrbricsflatarches..ae mateial, or 
.
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r ecent
much, highly curved 
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-Tow 

r c. te W 
4rS Usually protected ordcrtdwthbaedbrckwill be executed Inbake

k 	 Vn1dl~ brick 
plaster. y ._ 	 terand 

horwith clay
'us um wshr 	 for internal decorm ve Pl3st er sore 
ju!'aif pltervshelves, small flights of stain to upper stre	 . ,

! rnn piaster .ae.ness piercd and tracery .-. 
..isis not usualu 


CI odndOp's except possibly an area around
 
tvdoms, Dlt sual to pai....t clay plarter,P which retains 

nu| dtitn t vindow whichi 	 , .e,,it o appearanc h iswhitened with gypsum wash to '% 

\! ....k".: 	 e frme.Sometimes clay plaster is repainted annually
 

a wash made from animal manurel which hardens the
 ....
 
. 
, 

. leor by laying heavy tree trunks and
 

1kfsare madedlev" a srp ofleaves across the
""'". . , "esanthe walls, then placing thickbundleS.o""..... ., sti1s between these above them, and ., ... 

t 'cbS . . yr of clay plaster covered with stone 

"is..a . th a laer f fo th foo. TheThebemssoftareis ."e
-, r..'.:tuifl to mer 

.....,,. paced 60 ce s for.J, 	

tof"nbelow and whitewashear e ofhe t 
wit g'"*".... omplaste'tes out n 

han in,l se ndr enefai , '.;. .. , 

much smal l 
n 
er 

in at 
ften rha 	 , . ..r around n th- . - t 	

fle dw t pt. ,:. 
.,-ast,.J ' ea 	 an.r sticesatticu d•, . CW 	 a rou. ru,-.bbl 

bc. au.7 the alabaster- . ' s 	 ,rk is l~nihc w~o i. the s...,' stone 5e- ' a na' 	 p- ru., itself. T, 
. . . ithi 	 tt'- .'elnc _opitloft ero mblo• 	 ' ~in. tha 

_et.be im ported from there 	 an 

" , .t s",taed glas, ha
' r • . 3"W "W;i.. 

"Other u il n te . ae " ug ru b 'I 
eor sa' J~~r rF .	 . . at o 7videnc 

el opnefair d urounici bbhthsNe.sted.. ontaad o o lthat 	 oa rda s g errace a 

a provincial Roman b 
t-e 

ai sbath room,
in order toapeas 	 e.e, ote m".- e e tole t 	 of thed oo nd 

up the hot area"' "" c biledide 	 ::'F 	 destt dom s-"u"buil"teuriio roofed with' seht 	 th y. r d fl e n t c-i-. ,"su. . e ohpmare c u t 'aco s he s ..-- .. - '.typva,~.h 	 beeidentifieatd . thate evcic3t the'aeomsesyhich.. .. 
denfired 

are built of a specially 
witnsummer resort areas outside the city walk 

. The dor es in diameter formed of six rooms,awal--1 m exceed 4 metres e i h ar"' ..t-i. dc ,oh yiua d i diameter zones 
s of the bath and 6 metres . " ,he hot d cal;roby m es 	 zone. hvt ete 	 side rooms in each~~nrh falling 	 domes aperst..,r" t.,rrIt."' .... A charactstic feature ofthe he 0fseoauand

bte ihcn, 	 ltho~ the earliestosques	 islam,w. ~~elf ~ 	 rofe witho 1Ahn the Yemen before .leysrnare-	 in se them but are f at.cor~' baths is that the temperate and hot bc n~., ~~a~ingt	 rO~fi area. knownr ~~2 ,e Vemeni 	 that can bc dated o nVoPt" actL c il 	 t., a i s charact ri t. h oo tu, mo sques 
hs mai r l . , i tI.,i ieau.rc 

C~ hahis=O .or . --wal,.,,, metSndiam ter 	
i y p n.,,, 	 padid wh cha b it wat' . '	 rshall, a n'a trai oom and* 	 in S

O hoichri.> Its,uIni-,t Y.' rs 	 uns. e tr raerchitecture 	 Moqupae nba. ked, 	
tw sre ul ntetirclnhhigh tmotueswith.lbod p 	 inw ih;ra n ii cnror l~~5 Y 	 onstruction ofa number o 

h inlec of-th 
are bul Of ra .. of l 	 osbl esnfr hsi u 	 rofdu,orsnrc 	 *. TheiGrall 	 a ryCmjze 	 al 1 i a l hh'euned'j the 	 osize from ~.

l'varies 	 4rz 
r n ie ' 	 o earliest 

arcades dane ba derved fromatdt.es andof theth mothahc s t ha
.nit,Th'f.h C C. 	 i h 

sathat ByzatinInstrur. 	 al saihisrns whichweeM edayerecectedrtatt Achurh th o aiso wasml crua anihsrofed nt% i. 	 Ii Ayu ite kingd mun a ĥ h ~ ~tna isi Of t u h the ln~ jri. ~ ~ ~ t 	 do tusethemflalargnc bfs 	 be of itbeen st or allabr iCAS 	 sa-% as built maqusorK: aulostucio moudedan 
..a.ofr choar, - ed . 6 

fromsizVariesin arme n the 
axuaf rh inth ed 

:ZiO~d~),r wt m nthatne 

quar 

Thehoeuse 

d 
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Ronald Lecoe0k 
plaster to provide weather protection. Because of the 

th ..a~. in Mecca i 7"/614. A door in the Gr atMosque 
edbyscripions .hahumidity every roomhas wide opvninp

with panels containig r;s ..	 cross venti.talspartcoisndecra n The small early, m ,osqueswooden shutters and lattices to ensure 


noProper The house does not have the defensive e
 
arcadeswth 
h-adere a learrig z ranof them ard 

ccourtyard, the larger ones had a northern prayer hill with m . ernod;descendant ofa egendary SabaacPtl%i,.furrfv . .....
ils ot e.p. aisle below. top' 	 capital..i a.,:~~~~~~~~~~~~~~~~~~~~~ ...


MaTribae os areeNenday bcan cital
 
four Or five aisles, a s th.ern Prayer hall with one 

less, and two side aisles on either side of a roughly square 	 a cil nearcee 	 rfclay brck and cluster
from their use over small tombs, appe t-delow apart eastern desertfriflle. The houses are

f omin mosquesortar. heue 	 the ancient tel. without asurrounding wall 
apes t dt fo tfenrao 	 m~ec1from~ toeto Typical houses ofthe south'eastern desert fringenea-Rad&'er ofteirthe dluse o osd
of the ~f~ilfthlevnth below, centre:ma	 

I 

. p~iod Raid"d t e 
ed, by antI 	

r 
f1 th fifh41ccr , , 	 ofl'ayb(rns alabaster ,an', 6 surroufleC ant Iwithcenturic s - Splendid mosques large patternsninth'fifteenth 	 of theOttoman conquestbuilt after thedomes were 

of the IRed -SeaStyle' or the waterfront o,Hodeidah 
,- :. -"..* el as.,.txation andare rostlfon st~ee vecouantry in the enh,,sixteenth century. 	 Hue 

- .. rela.ausas .•Caravanscris or khans (sa,sarah). were built both theTinarhih zone. Theirmain rooms are used by th. men for 
Carav.nerai-, 

busmesa, l.......... ...
 
with couiryards and without. The latter seems a curiously 

It has large stables for animals
Southern Arnbian type. 


on the lower levels, surrounded on two of three storcys by, .d t 11416
 
t which the goods are carried up staircasestos, 

" :-temdii 

to carry the 'main roof which is picreccd with openings to 
, .

High, colunm rise through these lower Mezaninm ee".e 	 g the•i
 

allow f;atr~il light to reach the stables.	 "'dmd' -:ii:shafts. 	 I' -ungniwga. .throdf r two 	 ris may. ." .tt . ' ' ' k.ri or three levelsLMi of rooms for,.Above.tMro aofpassin g caravan.ra )' t, 	 nlodgings in,.vhichthe members 
hi...,i 


arrage aund courty•ard s which .z .,hc -' . : 

,- hi' 
U$ c roo;-,ms 

stables below. The vertical ". r' 
arc locatcd, ovcr the hi"h "7 T=. 

follows'thc store rooms and living spaces :.. 7
S.nme pattern as in the.Yameni houses.It' "'.$...,. 	 r,;arranigemcntOf stables, ltat 	 n 
seems likel.y this isan ancient SouthernArbnuidgpacess ,,-t~ 

a..'which has come down to the present day.' typ - .dn whc . . ..
 

-	 c. tion cThe 'eastern desert zone " . 

. omd it, c
The towns and farms which shelter along the eastern 
.fringe of the deser depend for their water on the wadis 'o d a"t, i 

frcoinge onf ro the highland. zone;- they have an 
architecture which is closely related to that of the midland U 

.i:"
and highland zones but is entirely executed in coursed 	 'hz, 4*. 
I ''.,, ~ ~ Z-t as 12:,


Clay and mud brick. 	 4~ ~ ~~ V~i'"?~ ~Ai 

A. 
in the coastal plain

Three types of architecture are seen 
.. tl. t.T;
. . '.. - ,;,

along the Red Sea. t

The firstf is an ancient architecture of grass thatch over
b d. t.. "
 ot fr 


a timber framework. Two types of form arecbevda 
.

happens in many parts of the world where these 
'c z . 

arc used. One is a beehive shape, that is, a slightly curved 'p 
cone made byL arraning Poles with, their bottom Iends 

-~ 

cl thrud and thrtoped edi1
forming alarge 	 . ad r 
together. The other thapc resembles a double-pitched 
roof, or a tent made by Placing two pairs of poles with - . 
their ends in the corners of a reCtangle and crossing the 


pairs upoles at each end, and then laying a ridge pole t'M,
 

between them; the whole structure is lashed until 
.
 

across 
* rvie ,-

it is rigid. In both cases a sub framewor ofsmlerpoe a.. 
'.* 	

rurL 
.4 . -...'.is used for tyingo the thatch. 	

. 

hatched house frequently have plasteredBoth ty houses vwith a colourful folk decoration. p "C"- iiO ,t 
f ~hh nd yinthe 

"ineriors 	 :.e -.. . s ,(*ca 

use isfoundoaie nhe 
The second type i-Tham4 

. 

I Win. 
nd of architecture occurringnabig coastal ports. This 

i
ports, and called by Derck Matthews :'-

It is characteristic e in all the Red Sea 	 of Jeddah and 
Sty'le'
'the 

an architecture of high bildings,
Red Sea 
Suakin. It is, agai, 

usually four, five or six storeys high, made of a timber E!
 

in with clay and plastered with lime
framework filled 

http:caravan.ra
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STowns aNo Buildinp in Arabia 
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it.clou co athr Strey. InfllR~h heve oiryr in frntThe jtngid5istacosstoohr' 

~ ~ oievnig anndhig set ofibeds open spo i Plonter d~ ~ ~ ~ rihl dehrtetherh is on tn .* ~ ~~ !.,w lvinggsterns'"r~mn Ising todlld and hiht d .O 
co m nbu~ c sinsa of 

ad forla eruWU hi h uss,lh hateason ther e d~tew lsliey 
e rcn f at S5 S an similar edsar aran a nt. n h 

aal s rnorti, assaructeiwioor ofd molede agro. nIf col nngtas.e o 
usaed by h

the lowerllhevenlse ildi ngit ilY thgupr eelsf ciiisas aepae
ornolctig and ntertior ingh cour.yr coig 4 n ahn 
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0 ihsadoeigsur4dn zoes usd onlFby te op n ctyrdisset asahi 

atd hishlad s.in t ten ~ 
44 ldifl~ and he rof areprivte lowu ion h hos tti mof, them dand~ 

~ ~mily. 
D 

ep s ace nfo tO h* 

f beads ntoo iltsteecoe 
o dwetodertraneadortih therplastersfeueYframeo vrart of thused tncl.s leigstonditan th aofth erthsshve'isDecoration~~ soew ls nh n the an i opdtih.hsomen the 

rols n fleo r . ot using th seI mao e n _are ocusto m esriy woved 
iee ft n he oo~ r th le e or ota l o e r ta g r rf thhibrfa hus aran aroenini n o r nd ibo rinb e s 

. ~ dL tha mare eso , nees entertined.s sro hiewindo thm oftheroos~.. olmringsanawral .~ LT laspr~iii n of nvetiltio>' * o the: firsoor..b for1 the lirghtomai~rafls elesm ims4stwthCL loenou lreathoeigte calon t plides,highacpin~'trh doorwa and 
vt zooof onybde nd 
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t alhetce or, hplaster r a m 
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eco sedh'' 
rw cingp ornhcodr bigtsothe. 

yard5meis sedd
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Ser the -idwb'xcthe Tihahemsragesare iseferebuildingk e 
e opoueig tusuemysinle stometiesa 

shir typea iti thmn urbanlgtngadvetltinoterofThie grouppcpetof i~ 
tan 24ase reswith ofrogthecorty d latcscosd rp

ahfomlooowms.aSLDL2mff highsentre iniortadg 44Iki 
ve forpublenrota aetingt hore a et .
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YEMEN: the "long drop" latrine 

the houses are slender and. tall, rising
Ii the old part of the city of Sana 

is usually occupiedstreets. A housetive to nine storeys from the narrow 

Each floor has one or two lavatory-bathrooms loby one extended family. 

a vertical shaft extending from a receptacle at the street level
cated next to 

the figure below.to the uppermost bathroom as shown on 

ISI 

Ssquatting slab 

I i
 

-7
 
// /////////// 

rLcptidc/ 

wellFigure 29 
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the recepthe shaft toslab downhole in the squattingaThe faeces drop via 
and brought to the 

at frequent intervals are collectedtacle from where they 

public baths. 

The 
the oldest dating back to medeval times. 

Sava has eighteen public baths, 
run by hereditary

once a week. They are 
by almost everyoneused 


for their use.
 
baths are 

who charge a small fee
bath-keepers 

out on the roof to dry. Wood is 
faeces are spread

At the bathhouse the 
as fuel supplementedusedtherelorethe dried taeces are 

scarce in Sana and 
After burning,

from the slaughter yards.
of skins and bonesby the refuse intown.vegetable gardens

for the orchards and 
are sold as fertilizerthe ashes 

to a groove in the stone
 
away from the squatting slab 

The urine is drained 
to rkinin the outside wall. an openingwhere it passes through

floor, from 
of the building. These 

on the outer face 
down a vertical drainage surface 

As soon as it reaches the 
and decorated.often elegantly shapeddrains are 

on the way disappears into an 
liquid not evaporated

gre~und. the part of the 


sump.
underground drainage 

next to the squatting
pair of square stones 

Anal cleansing takes place on a 

as the urine. No lquidssame way
The used water Is drained away the 

slab. AL; Sana has 
or the receptacle below. 

thus led into the "long drop" shaft 

are 

which facilitates 
 removal 
quickly dehydrate 

a hot, dry climate the faeces 


Lewcock 1976).
(Kirkman 1976. 

odd but is indeed well adapted to the 
may seemThis system 


1ocal situation: multi-storey buildings, extremely dry climate,
 

lack of firewood. Ecologically It is sound: 
scarcity of water and 

soil. 
There is no pollution of water or 

hardly be acceptable as It 
From a health point of view it would 

the roof ofWhilst drying on 
involves handling of fresh excreta. 

to flies.accessiblethe bath the faeces are 

burning efficientlyas
The final disposal of ashes is safe 

i c organisms.destroys all pa'hogen 


