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(1)
TERNS OF REFERENCE

The writer began study of the agrarien geography of Misura-
tino, Tripolitania, United Kingdom of Libya in September 1958.
Consldersble Preedom of choice of subject matter was permitted
by the supervising body, the Department of Geography, Durham
Colleges in the University of Durham, The scope of the examina~
tion to0 be presented in this thesis was defined in consultation
with the writer's academic supervisor after the first field four
in Libys, "

The title of the thesis to be produced at the end of the
period of study was to be A geographical study of the coastal
zone between Homs and Misurata, Tripolitanis'. Further
definition of reference was introduced after the second field
tour in Hisuratino when it became apparent that information
gathered by field survey allowed speciaslisation in eapects of
economic and sccial geography. |

During the writer's period of higher study, there was
oprortunity for two field tours in Libys, from Septenber lst, 1958
to May 8th, 1959 and from March lst to lMay 1st, 1960, For much
of thies time,; the writer was engaged in f£field work in the
Hisuratino study ares covering the following major heads:-

1, Land Ownership and Associsted Factors.

2., Economic Growth and its Social Implications.

3., Land Use and Parm llanagement.

Y4, The Farm Economy.

The writer was sble to utilise techniques of land use mapping,
questionnsire survey and verbal questioning of subjects. Further
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’COVerage of the preceding topics was undertsken:-

1. In discussion with Libyan and alien officials concerned
with the development activities in Tripolitania,

2, In accumulation of & library ¢f books and decumsnts
relevant to Libya and 4ts problems.

The aim of the writer was t0 analyse trends in the develop-
ment of indigenous and Italian society in the oases and the oasis
periphery regions in relation to economic growth in national
and, more pertinently, local terms, Work of this kind brought
the writer in close contnct with the farming community, the
peoples of the villege, the local netables and to some extent
with the semi-nomsdic groups of the area,

LANGUAGE

A working knowledge of Italian and French proved useful;
even in the most isolated encampments, cone or more of the groups
were able to speak Italian, French or English. The writer's
understahding of Arabic was limited to formal phrases and locel
terms relevant to farming and the farm, Where possible inter-
preters were recruited to faeilitate the work during gquestion-
naire visite by the writer,

ACKNOWLEDGHMENTS

The writer wishes to express his gratitude to the Department
of Geography, Durham Colleges in the University of Purham, and
particularly to Professor W,B, Pisher snd Mr, H. Bowen<Jones,
as well as to officisls of the Government of Lidya, F,A.0.,
Uo8.0,M,, L,A,R,C., and the many individuals who assisted him in
the accomplishment of this work, A speecial acknowledgment &s
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made to the officers snd men of the 6th and 2nd Royal Tank
Regiments, who made possi?le the completion of field work in
Libya.

GLOSSARY OF TERHS

A full glossary of all non-BEnglish language terms used in
this thesis is included in Appendix 7.
CURRELITY

Yhe unit of currency in all provinces of Libya is the Libyan
pound which is exchangeable at par with the pound sterling. Each
Libyan pound unit is divided into pisstres and miliiemes.

100 piastires = &L1
1000 milliemes = £L1

L

USE OF MEASURES

At the present time there are many different systems of
meagurement: in general use in Tripolitanis., On the one hand,
the metric system has been adopted by the govermment offices and
the Italian section of the commumity. On the other hand, Arsbs
in rural arecas use local measures especially for areas and weights,
Where possible, use has been made of the metric system; other
terms are explsasined in the text,

REFERENCES

Reference to written works made in the text of the thesis
is $ndicated where appropriste in the following form - {84).
Text reference numbers are explained in Appendixz 6.
HAPS

All geographical locetions mentioned in the text of the
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thesis are taken from §£;tituxo Geografico=lillitare 1:100, 000,

1937, reprinted December 1953 (Sheets 1476 & 1477) and 512 Fd.

Survey Coy., R.E,, 1:200,000 December 1942, reprinted FNovember
1945 (Sheets 1, 2, 3)., References of locations mentioned in the
text are included in Appendix 8.
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INTRODUCTION

The area of

The eastern coastal oases of Tripolitania, situated on a
detached segment of the Jefara lowland comprise the unitary
region of Misuratino (Vide Pigures 1 and 3). [Hisuratino is
separated from the Tripolitanian Jefara by the eastern limb
of the Jebel Tarhuns and Msellata, and is bordered on the south
by the foot hills of the Jebel system.  Purther small scale
diversification of relief is occasiomed by the presémce of
well-developed areas of littoral dunes (Vide Figure 2).

The dominant climatic theme throughout the oasis and oasis
periphery 1s aridity; 4n Mfsuratino we shall be exomining an
environment exhibiting greater or lesser degrees of aridity.
Nonetheless; reglonal variations in ¢limztic effect are
appreciable znd are significent in terme of human eceupance
(Vide Figure §). '
Brief outline o
(9 1In Section One of the thesis, we shall develop & descripte
ton of the physical characteristiceé of Misuratino and indicate
thet the environment plaees sharp limitations upon opportunities
for human advancement. It will be shown that climatic
restrictione upon the agricultural potential are most nmarked.
Precipitation en the area is smaell in quantity and unreliable
in nature. The character of the physieal environment tended
t0 align the Arad economy towards & predaminantly pastoral and
semi-nomadic life. This type of occupance offered the least
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1ine of resistance to, and was in keeping with the cultural
predilection of the Arad groups which occupied Tripolitania in
the post-Hilalian ers.

(14) In Chepter Two (Influences of Geology end Geomorphology),
we shall examine the balance. of water supply in Hisurstirno in
relation ¢o the growing appreciation and exploitation of subs
surface water suppiies. It will be indiecated that there 15 a
cles e correlation between the eapitalisation of watér reserves
and the otage of growth of the individual farm operztors in
Hisuratine. As a preface to later discussion of social and
economic growth in the ocases based on exploitation of water .
reeources; snalysis ef the costea and the potential importance
of different sources of supply and water extraction will be.
undertaken, |
(111) Under the head of Section Two, we shall discues further
elencnts of the quasi-conastant factors bearing upon economic and
soclal geography in Misuratino, particularly the formalisms and
practices influencing agrarien land holding. It will de
denonstrated that the pattern of land holding reflects ohanging
appreciation of land use. And we ghall sugsest that a zulti-
phase meéhaniam may be discerned in features of land holding
which offex evidence of the rate and direction of social and
eeenémie growth in the Misuratino study area.

(iv) Chapter Three will desoribe the social structure of the
16" and théir origins. A brief his tory of the evolution of
the present population patterns will be introduced at this
juneture. It will be shown that in the centuries following
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the Hilalian invasions, little change took place in the #ribal |
structure. Different ruling powers occupied Triy&ii'ﬁnd»parta
of the littoral, but the effect upon the indigenocus peoples was
ineignificant.

Ve shall suggest that the structure of traditionsl -Arad:
society in Misuratino 5egan to chaenge towerds the claes c of the
Fineteenth Century. It will be pointed out that the essent="
1&%1& communal nature of the gabila was weskening under pressure
from individuals and family ‘groups withir the tribe. ' Nen were
socking gain for their own ends outside the eonfines of the
gabila unit. This trend will be illustrated by analysis of
the growth of fixed capital installations in the sedentary
gone of occupance. The culmination of the process of internal
change will be traced in the transfer of lands from communal to
private ocwnership.

{v) The theme in Section PTwo will be enlarged in Chapter Four
(Elements of soclel siructure in HMisuratino in relatior to
modern econonic growth) into & discussion of the impact of the
italian oceupation. - Ve shall show that the initial changes
generated within treditional society gathered momentum under
planned de-tribalisation by the Itelian administration. The
causes and the ayotems employed in the de«tribalisation process
will be exemined at some length withespecial reference to the
varying attitudes of the colonial power towards iis Libyan
possessions.

| In summary of this section, we chall advance the hypothesis
thet indigenous contact with modern idess and teechnology induced
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a chain reactien of minor but imporiant economic developmeats
in the towns and oases. The thesls will demcnstrate that the
increasing interaction of communities has now reached the stage
where indigenous soelety may be more correctly described as
transitional than as traditional.
{vi) The main body of the thesis is contained in Sectiorn Three,
where the eélements of transitien apparent in indigenous society
will be developed lergely withim the context of the agrariam
structure‘of rural sociesty. Aradb agriculture and ItaliaQ
agricultare will be econsidered undsy separate heads.

- The form of Section Three arises from the framework
provided by description and snalysia ofzﬁ,a
€a) the results of the Questiomaire Survey of Misuratino. .
(b) the results of the land use survey of Hisuratino.
Using evidence drawn frem those sources, it will be suggested
that the farming economy in iiisuratine exhibits an over-all
tendeney for growth stirmulated by an amalgam of the following
factoysse )

(li-.a.quickaning in the rate of sedentarisation of indigenous
peoples in the littoral oases.

(2) @ general ehange of land holding from common to private
ownerahip.

{3) = transition from non~differentiationd of land use cate~
gories to appreciation of varying land qualities. Related-
igi'varie$al‘syeeialisation in cropping replaces cereal mono-

(4) azxrend towards capitaiiaation of water resources.

It will be suggested further that there is a well marked
aperatian of & phase by phase mechnniam of growth in the oaaia
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economy. Bvidence will be discussed to indicate that thHe
phase mechanism works within the following limitsse
(1) Phase I - Traditional sconomy based b eemisnomadiem oF

full nomadism. igned to steppe, pastoral
occupance » ‘ \ | - -

(2) Phase Il - Traditional economy aligned towards pastorale
. iam but exhibiting greater dependence upon
dry-land, casis cultivation.

(3) Phase III- Traditional; self-sufficient but peassnt
, econony based on irrigated casis possessions.

(4) Phase IV « OTransitional farming founded upen 1rr1gated
" cropping for market production.

{5) Phase V¥ « Hodern Arab farming utilising up-to-date
equipment and rationsl‘croppingvp:aexice.

With the help of material accumilated during the Questien-
naire Survey amd the land use survey of Misuratino, it will be
_éthn-how‘the growth mechanism operates in the oases in rélatiun
fo.capital;sgtion of water resources.

Throughout the thesis; we shall demonstrate that the geo-
graphical method may be brought to bear successfully upon the
cegplpx problemsvei social and economic growth.



(1) General Description and Introduction.

(ii) ligteorological Elemente Influeneing Climate in
Hisuratino.

(411) Thermal Conditions in Misuratino.

(1v) Prost Conditions.

(v Precipitation in Misuratine - Distribution.
(vi)  Precipitation in Misuratino - Variability.
(vil) Drought Effects in Misuratino.

(vitii) Aridity.

{ix) Relative Humidity.

(x) The Incidence and Effects of Dew in lMisuvatino.
(x1) The Incidence of Pogs and Mists in Misuratino.
(xii) The Incidence of Vinds in Misuratino.

(ziii) Climatic Influences - SUMDATY.
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(1) Gengra; Dgsczig&iog gg@ Introduction.
-Considered in genersl terms; Misuratino and the adjacent

steppe dands nay be described climatically as an area
exyerianeing a mild. relatively wet winter; followed by a
varmer and increasingly ary spring and carly summer. Summers
in the area are intensely dry and hot. In spité of the over-
all homogeneity of climetic phenomena throughout the region,
there are differences to be observed both between ome locality
and another and between one year and another in the same érea.
-~ The oases of Misuratino are situated on a Quaternary
lowland which is drained to the Mediterranean coast by emall
wadl systems such as the Zennad at Homs and the lebld at Suk
El«<Giuma (Vide Figure 25). Small scale diversification of
relief within this lowland is caused by the presence of coastal
dunes and minor sand sea developments in the north and by the
debel foothills and their ocutliers in the socuth. These
elements of relief are responsible for local variations in
climate both in respect to thermal and precipitation conditions.
lsellata, the essterly limb of the Jebel, extends to the coast
in the west of Misuratino and constitutes a waryked physical
feature which has a formative influence upon the character of
temperature and reinfall in Hisuratinos Ilisellata projects in
a narrow Cretaceous bluff to the comst and creates a barrier to
the prevailing westerly winds, a factor which is reflected in
the fact that the coastal strip frem Homs to Dafnia exhibits a
declining rainfall from west to east. [Eastwards from Dafnia,
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the comst becomes more expoeed to the winds end the influence
of Hsellata becomes ineignificent.

The noythern boundary of the area is the Mediterranean sea
coasts The aaa»prevides a surfacey which, compared to the
land is relatively warm 4n winter especially a% night, and
relatively cold in summer especially during the days It also
provides a supply of atmospheric moisture throughout the years
At the same time lMisuratine is fully exposed to all meteore:

0f the majer meteorclogical elements:axfect&ag the structe
ure of clinate in Misuratino, the msritime influence from the
west is confined mainly to the winter months when migration
south of the main world atmospheric beltis takes places The
Sehare itcelf is governed by the Horse Latitude High; an
influence which spreads to include virtuslly all the Hediterrans
ean littoral in summer. Interaction between the western
maritime influences from the HMediterranean Gate into Eibya
and the Saharan High pressure system is the fundamental fector -
behind elimatie conditions experienced in the Jefara of
Tripolitanias.

2he main tracke along which the various sir masses enter
the Eastern Hediterranean; and the sources of the constituent
bodies of air which sre associated with them are shown on
PIGURE 5. ©Pigure 6 on the other hand, shows the trajectories
of cyclones which affect the liediterranean in general and Libya
in.ﬁéxticular.
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In general, during winter, lediterranean depressions are
seécondary %0 major depressions which have their tracks lying
over Horth Burope. As may be secen from Pigure 6; some
deprossions enter the liediterranean Basin from the west through
the Bay of Biscay and the Stralts of Gidbraltar; while there are
cther trecks lying scross the Iberien Peninmla snd Northern
Moroccos  Principle \tracks of the depressions which gencrally
bring rain in win
9+  liost raimfell in winter can be accounted to the infinence
of disturbance movemente along track 6 B. These enter the
llediterrancan from the Atlantic Ocean via lMorocco, and swing
south of the High Atles before eskirting the shores of Sirtica
and - passing north of the Jebel Akhdar in Cyrensicas  During the
winter season, winds assoclated with track 6 A usually bring
rzin along the coast of Tripolitanis; although orly to half the
extent of winds assoclated with track 6 Bs Track 6 A emerges .
into the liediterranean Basin through the CGulf of Gabes. Thence
it eresses the sca in a direction rununing opproximately NNE,
with associated westerly winds along the Tripolitznian littoral.
Depressions travelling along tracks 25 5 and 9 according te
recorded data have associated westerly winds in winter, although
they are responsible only for a quarter as much of the winter
rainfall ass those om track 6 B.(1)

Spring rainfall in NMisuratino is generally the product of
westerly . winds asseclated with depressions resulting from the
interaction of the air masscs indicated in Pigure 5 and following

- are those narked on Flgure 6 as 2; 53 6 and‘
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the lines of moveméntjshown in Pigure 6. Air masses following
ﬁr;éﬁ‘$ are usnally misor depressions with a circuitous route
running south from the Italian Peninsula ani swinging eastwards
off Tumisia. They pass along the Korth African shores before
joining with eir masses following track 6 B in eastern Sirtica.

Depressions which form to the south of the High Atlas;
such as those following %rack 8, tend to be very weak until
they are sufficiently essterly to affect the air system over
the Hediterranean. Spriung vain during track 8 depression
conditions is associated with relatively strong northeeasterly
windse ' |

Cyclonic rainfall in the sutumn menths is associated
primely with winds of track 6 B. Track 6 A depressions are
responsiblie for about & quarter of the total precipitation at
this time of year.  Occasionsl falls from winds associated
with trecks 2 and 15 are also experienced in the sutumn months.
Track 15 is not ebown in Pigure 6 for cartographicel réasons.

The incidence of reinfall along the coastal lowlands of
Hisuratino is clesely associated with the operstion of
depressions along track 6 Conditions of temperature, cloud
cover and relative humidity shown in Figure 18 illustrate the
¢limatic situation in Misuratino during the passage of a
depression along track 6.

For the purposee of defining and physically delimiting
the climatic conditions in lisuratino, varying periods of
observations between 1913 and 1958 have been used. Data
covering most aspects of climate are available, but reéordings
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tend 4o be incomplete from month to month im any one year.

‘Phe number of consecutive years of reeorﬂings'is-ao low a9 to
make most average estimates rather suspects The climatic
figures for the war years 1941, 1942, 1943 are either
inadequately covered; or are totally absent from ali published
worke end official records. VWhen scarcity of material
preeludes the use of a stgndard period for different stations
under review; the sctual years involved will be mentioned.

Pollowing the advice of the Controlier of the iateorw
ological Section Tripolitania, records of the period 1927%35
have been used when coneideration of daily readings has been
necessarys The Controller suggests that the figures covering
this pefiod are more relimble than later data since full-time
staff wes employed at that time. Iater periods of observations
were kept by local officisls, whose work was less accurate.

In any treatment of the Libyan environment; it camnot be .
over<stressed that eny quentitative values presented and any.
conclusions drawn are strictly applicable only to those years
on which the calculations ere based.

(iii) Thermsl Conditions in Misuratino.

Consideration of temperature conditions over an area of
this size will show considersble differences not only between
the mejor czones of the littoral oasis strip and the inner steppe,
but alse between points relatively close to each others An
over-gll picture of the thermal conditions in Iisuratirno
compared with those in adjacent provinces may be gained from
Figure T
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ZABLE 1
MEAN [ONFHLY PENPERATURE m . |
SPATION  JAN PEB MAR APR MAY JUN JUL AUG SEP OCT OV DEC
HOMS 13.2 14.0 15.6 18.5 29.5 24.3 26.2 26.9 25.8 23.5 190 LT

MISURATA 12.5 13.5 15.6 184% 29.7 24.1 26.2 27,0 5.9 B.2 189141
TULRIINA 1245 13.4 15.6 18.4 21.0 2405 26.5 27.2 264 23] 1686 Al
The pericd of recordings at Homs was for 19 years, at liisurata
for 18 years, and at Tummina for 24 years. Sources Boll. let.
Della Col. It.

In the lowland ares itself, differences in temperature
occur resulting from the interaction of various climatie
elements, especially distance from the sea, loecal relief
conditions and variations in the constituent materiels of the
groand surface. The influence of the underlying rocks is of
importance here. In the Homs region, there are rapid locsl
transitions from sands to hard rock surfaces. In the region
of Zliten, marine dunes and rough gravel deposits are found in
alternation. In the ares surrounding lisurata, there are
appreciable changes over short distances from marine sands to
sebkha to tinn (Vide Chaper 2). Throughout the whole area
aamerbus bordering limestone hills, stretches of wadi detritus
and littoral marine dunes are to be found. |

Although there are no figures to substantiate the point,
lower night and higher day temperatures might be expected on
the dunoseand sandy areas relative to the temperatures on the

areas of compact alluvium and the pebkhba.
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Variations in temperature from place to place resulting
from proximity to the sea ean best be illustrated by &
comparison between Misurata Citima and Homs on the littoral,
end Tummina,; which 1s some fifteen kilometres south of
MHisurata.

Conditions at Tummina are somewhot more exﬁreme}than'thﬁseu
at the two coastal statione (Vide Table 1): During the months
from April to September, Tumine returns mean daily temperature
figures which are 0.1°C to 0.4°C lower for each month, than the
stations at the coast. The maximum variation occurs in June,
vhen the latter vains (Vide ps <0 ) persist along the littorai;
(1.4 mus. et Wisurata, 1.5 mms. ot Hems) but fail to penetrate
25 far aeuth g8 Tummine.

In fact, the onset of summey Seharan conditione is delayed
c@naiderably by the mederating influence of the Mediterranean
2t the eoastal sites. Tummina returns high summer temperatures,
and shows all the characteristics of a pemisdesert site some
three or four weeks earlier than Hlsurata. ‘

Comparison of the meen daily range at Hisurats end Tummine
illustrates the tendency Por the littoral steppe to suffer more
ExtrEEeg of temperature througheut the year. Here egnin; the
qnagiaeéntinen%al eonditions at Tummina ere most marked in June.
4is for extreme temyeiéturesg at Tumminza,; these have varied
between 51+2%C and 0+2°C in the eighteen year period with which
we are dealing (Vide Table 2). This veriation is more akin to
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conditione at an inland station such as Ben Ulid (56.8° %o
1sb°6)@ then to conditions at the coast. Coastal conditions
ere more truly represented by the values for Homs, which is
fully exposed to the infiuence of the Hediterranean Sea. Iiean
temperatures here tend to be lower than at iMisureta for the
months of July and September, due in peart to the greater
frequency of sea brecges during the summer.

TABLE 2
HEAN, DAILY RANGE QF TEMPERATURE A SELECTED STATIONS IN %c.
SPATIOF JAN FEB MAR APR EAY JUN JUL AUG SEP OCT NOV DEC
BOMS 10,3 10,8 11.4 12.0 11.6 11.9 11.1 10.6 106 108 146 19.2
MISﬁE&@Aiﬁcl 11.0 11.7 11.7 11.0 11,5 1l.1l 10.4 10.5 11d 10.4 10.0
mmm& 1047 113 11,1 12.2 11.9 14.8 12,2 11.6 11, 2 1.4 101 1L(C
BEN ULID11e4 12,0 13.6 15.5 168 17.1 1647 15.9 14,3 12,4 122 1L
Thé?period of recordings et Homs was for 19 years, at Misurate
‘for 18 yearm; at Tummine for 24 years, amd at Ben Ulid for 20
‘yeere. Source: Bolls, Met. Della Col. Ite

The fell of temperature with increasing altitude of the
recordiing station is amply shown by thke éomparieon of figures
for the lowland town of EHoms (thirteen metres above sea»level).'
and El;KuBsabat (345 metreé above seanlevél), in ligellatsa.
El«Euséahat.is not included in the physiographic region of
lisuratino as pravionsly defined. Eowevér, it is the only
hill station on the périphery of the lowland for which reliable

data are available.
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ERATB’RE% AT HOMS AWD EL-KUSSABAT
Xl_DEGREES CENTIGRADE

§Qﬁmlﬁﬂ JAN FEB HMAR APR MAY JUN JUL AUG SEP BGT HOV DX
EL-KUSSABAT 11,0 12,0 14,9 1747 21.0 247 26.3 2.7 254 231 17&2.7
HOHS. CITTA 13.2 14.0 15.6 185 2045 2403 262 26,9 25.8 235 190 147
Thelberiodvpf.:ecerdingz at El-Kussabat is for 18 years and at
Homs Citta for 19 years. Source: Boll. Het. Della Col. It.

and Ser. let, Trip.

At the latter otation, the mean anrual temperature was
19,39 for an eighteen yesr period, while at Homs, for a
cdmyarahie“pemied, the mean annual temperature was 20.2°C,

In Table 3, the mean monthly temperatures indicaté that this
ortho&ox relationship betueen rFelief and‘mean'a&erage temperat-
ure helds true for nine monthe of the year; from January to
April, and from August to December. The differerce between
the two points is et & maximum in winter.

In svmmer, in fact, a tenporary reversal of the situation
occcurs due meinly to the mederating effect of the ccastal
location of Homs, and =lso ir smell part to the more southerly
position of El-Kussabat. The maximun difference between the
two during this reversal is in May and totals only 0.5%C. It
night be esuggested in this comnection that for & lomger pe:iod
of recordings, Auvgust irp El-Kussabat would preve %o be hotter
then Homs (Cf. Tzrhuna). These relationships are further
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reinforced by the mean maximm temperatures for El-Kussabat,
which for all months shew a lower flgure than for Homs. From
llay to September, however, the mean meximum at Homs is
significantly below that at El-Kusesabat, sgain msinly ss a
result q£ the maritime influence at Homs.

Fe§£§ps the most marked féature of thermal conditions in
the Libyen regime is the large daily range of temperature at -
any given statione Along the extreme littoral of Misuratine,
the daily range of temperature is moderated by the cooling
influence of the Mediterranean during the day, and the relative
varnth of the sea during the night. In 1933, for ezample, the
mean annmual daily range of temperature recorded at Ben Ulid
betueen the hours of0B.00 and 14,00 hours G.M.T. was 7+4%C,
y°’33h9 eame.perxod at Homs, the mean annual range between the .
two rééaingskwaa 2,5%C end at Misurata Harina 5.0%C.

Figiré 19 shows the maximum and minimun @aily ranges
recorded in ezch month of the year'19%2 at three selected
etations. At ezch of these stations thé daily range of
temperature tends to be greater in summer than in winter.

The range of fbmperature in Iibya is to be accounted to the
bigh tenperatures during the day rather than the low night
temperatureas. A further 1n£luence in this respect 19 the
cloud cover in the winter monthe, which tends to modify both
the_day gnd night temperatures by limiting insolation during
the day and acting as sn insulator during the night.

ilean dally ranges of temperature at the coastal statione
for the years 1930-34 inelusive averaged between 11.6°% to 15.0%
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at Homs, and 9,0° tq_i4a0°c at Misurata. The month of August
regilarly shows the highest mesn daily rangs. Purther inland
at Ben Ulid, the mean daily range for each month during this
siﬂur year perioé averaged between 10:0° and 19.09C; i+o. twice
.the mean deily veriation experienced at coastal stations.
These averag daily variations are apprecisble, and illustrate
adequately the tendency for mesns to increase inland. They
fril, however, to bring out the essential factor in the
climatic scene, which is the crucial effect of frequent
extrenes of temperature occuring within a short time peried.
An exsaple of the treﬁendeus diurnal range of temperature
can be seen in the figures for Ben Ulid for 1932. A range of
23.1°C was recorded on March 2nd, 24.8°¢ on April 17th, and
25.7°C on May 7th. The following teble illustrates the move=
ment of temperature from early morning to late evening on these

dates.
TABIR 4
DAILY VARIATIONS IN TEMPFRATURE AT BEN ULID 1932
Date 0700 hrs. 0800 brs. 1500 hrs.
2 11T 32 12»136 ' 16459C 29+7.C
37 IV 32 175,6 , 18436 3T+5,C
7 ¥V 32 24.8°¢ 35.5°C 40.5°C

£1though these variations at Ben Ulid are most spectacular,
and illustrete well the exceedingly erratic temperature
eonditions in the semi-desert interior, the impaet of the
extremes is slmost negligible‘amangst people with a pastoral
eéconomy. In the coastal oases and the peripheral steppe zone,
:less mayked variations in temperatﬁie have an immediate impact
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upon the sedentary cultivators. Heavy dews following cloud=
less nights have a ceifain beneficial effect in adding slightly
to plant and s0il moisture. Gn the other hand, high day
temp?ratures and low night temperatures cause intense damage
to the matuxing wheat and barley, especigliy at the *milk® phase
of ear growths ILikewise, extreme varistions in temperature
during the flowering phase in the indigenous and Italian
orchar&svean»cause serious losses in quality end quantity
of fruits and olives. This is especially so if the night
temperatures approximate to freeging point,

Indigenous farm arees are wellesadspted $o this thermal
regine, A dense cover of date palus exists even where date
yields are insignificant. Cultivation is carried on in
restricted arees, and & high proportion of the land in the
oases is in constant use. Fallow land is invariably left
with a weed covering after harvestings These agricuitural
practices give en insulating effect in the gnani, especially
on 8till nighis when radiation is most intense.

Italian asgricultural land is characterised by widely
spaced trees and dispersed cultiveted strips scatiered over
lorge areas. Clean weeding is a common practice in the
concescion plantations. The result of this Eurﬂpégn approach
to land use in Misuratino is that these areae tend to suffer
badly from the effects of the diurnal range of temperature.
This is true of other climatic elements studied in this
chapex,



TABLE S
Qﬁli!;fEMPERATUEEfRECORDS AT HOMS DURING THE APFROACH,
PASé%GE;ANBJDEERRTUEE OF A GHIBLI WIND-IN DEGRESS CENTIGRADE

20 VII 32 21 VII 32 22 VII 32

 HOURS ~ HOURS  HOUmS
0700 0900 1500 0700 0800 1500 0700 0900 1500
3545 3340 3240 3640 F7+1 28.5 25:3 25.5 27.5

SOURCE: Boll. Met. Della Cel. It. Anuo 1932.

The Ghibli is an exceedingly hot emd dry wind coming from
the desert south. It develops in association with passing low
pressure syetems which generate local but strong winds
1n1ena‘?),  Gnibli bring nigh temperatures and comsiderable
aiumhal ranges of'temperature 10 both steppe and eOaStsl areas
alike. 'The figures in Table $ give some indication of the
rapid increase in temperétnre with the onset of a Ghibli winde
Aypreeiable damage t0 erops may be caused by the high
temperatures end the low relative humidity occasioned by
the onset of a,ﬁ@ig;;, especially 1f it oéeurskat a critical
atage inrthe grawiﬁg season and is of prolonged duration.

The relative frequency or absence of low temperatures and
assoofated ground frost is of grest importance in the spring
monthe. A% this time, both the olive and the almond ape most
vulnersble to.froéts, evén if they last for only & brief périod
end are ldoaliaed to hollows and shallow depressions. As yet,
there are no figures aveilable to show the frequency of £roste
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in Misuretino, although it is common knowledge and is borne
out by personel observation, that frosts do occur along the
whole length of Misuratinos: The highest incidence of frosts,
as noted from farmers® otatenents, probably £alls in January
Prosts have been observed as late as lay in the foothille of
[isellata. 3In the oases, it is likely that frosts arve far less
frequent than at sites further inland. |

Similarly; the inverse relationship of hill~foot and hills
top sites will probadbly hold true for the incidence ofﬂfrosts
as 1t does for the run of mesn minimum temperaturess On the
higher slopes, frosts will be the result of the low temperaturéa
of the free air rather than ob the pondingbup of cold air
.draining into e wadi-hollow or lowland basins

There are no figures available which show clearly the
relatiqnship between econditions at emy pair of hill-top and hill-
foot sites throughout the areas Nevertheless; there is strong
evidence to sugeest that hill-top and higher slope locations
have a higher mean minimun {emperature thar sites with a hill-
foot or wadil side loeation. Gravity flow of eir away from the
higher sites to receiving areas below appears to take place
especially in the evening. Thie basic factor in the thermal
conditions on and around these upland areas is emphasised by
the fact that the extreme mean minimumn and maximan temperaturea‘
tend. to show greatest divergencies at the lower sites. '

An exomple of the divergeﬁce is brought out by a comparison
of Homs Valdagno (4940° to 1,0° C) and Homs Citta (49.0° to
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0:2°C): Theee more eguable cenditions on %he hill slopes
have their effeet in the siting of farmhouses in the NMsellats
29394 - In this zone, there is a merked temndency for settlew
ment tc be scattered szlong the hill slopes surrounding the
agricultural land.

{v) ZPrecipitetion in Hisuratino - Disiribution.

It is difficult to talk of aversges when dealing with
the rainfall of Iibya. This is mainly & result of the
tremendous variability of rainfall from yeay to year, and
prertly & result of the fact that records of rainfall sre
incomplete and are aveilable for only & short period. Prom
_'theuearta Pluvicnetrice of 1956 by Hlagazzini, the general

tronds can be traced with reasonable accuracy. (Vide Pigure 12).
Figure 1% A allows some comparison between sistions in |
Misuratino and sétstions in other contiguous physiographic
regions of ILibya.

Of outstanding significance is the rain-shadow effect
of the Msellate hills. Ghanima on the west-facing flanks
of ilsellats returns an average ammual rainfall of 330 oams.,
Homs on the east flank returns an average of 271 mms. The
rain-ghoddéw effect is at a maximum in the Sahel El-Ahamed
district, vhere declining precipitetion 1s reinforced by the
declination of the cozst towsrds the south. ATeas on the
steppe periphery of Ziiten Oasis are esiimated by llagaszini
to receive a rzinfall of less than 200 mms. This total is
conparable with the arid southers Sahel of Tunisie and the
Purmine-Taorge district south of WMisurata.
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_ This paueity of rpinfall is reflected in the poverty

of the palm gardens of the western extremity of Zliten Oasis.
Here, the spacing between palm trees increases and the
productivity decreases with movement east. The full
implications to the agricultural community of this slight
but significant deecrease in rainfell will be considered more
conprehenalvely later in this thesie.

About the environs of eastern Zli{ten, as the coast
baecomes more exposed to the rain besring winds, the decline
of rainfall with the inerecesing distance froem lisellata becomes
less marked. From Dafnia to liisurata, the rainfall progresse
ively increases with the relative exposure to the winds blowing
from the westerly guarter over the Mediterranean. ‘The south-
erly swing of the eoast throughout the length of Misuratino
appears to have little effect upon the amount or periodicity
of rainfall, |

The alignment of the coast i8 generally E.S.E. In the
southern guadrants of depressions moving paraliel to, but off
the coast, maritime alr tends to veer to a predominating New
direction (Vide Pigure 1% B). The most satisfactory explana~
tion that may be advanced at the moment, is that where this
angle of incidence of winde and eoast occurs, even if acute,
then there is rainfall. Vhere the angle disappears and winds
angd eoast are parallel, rain does not fall, Further to the
east, Sirte receives rainfall comparsble to llisurate, whilst
the surrounding aress do not. Prom this evidence, it may be
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dedugced that exposure to the operation of this mechaniam is
the key factor in the geozgraphical distribution of yainfall .
in Misuratine.

Precipitation declines rapidly inland from the
Mediterranean coast and the rate of this decline is shown
by the graphe of FPigure 9. Along the immediate littoral,
including the first four kilometres inland, there is only a
8light decline. This 16 followed in the littoral asteppe
gone by a rapid fall in the anmual average rainfall, e.g. from
250.2 mms. at lisurata to 175.5 mme. at Tummina. Thereafter,
the fall in precipitation with progression southwards tends
¢0 be less marked. At this stsge 41t 18 worthy of note, that
the characteristics of the pre-desert steppe as represented
by the Tasrgas to Bem Ulid section of Pigure 9, are more. the
product of the steep gradient of variability then the rate of
declining rainfall. |
(vi) Precipitation in Misuratino = Yarisbility.

Intense variability of rainfall is a fundamental factoy
throughout the whole of Libya. In Misuratino, the reliability
of rainfall is poor, amd the best that can be said, is that
some areas within the zone are more religbly watered than
others. FPigure 10 shows the percentazge variability of rain-
fall for all stations in the areas Sahel El~Ahamed shows the
greatest degree of variability for a coastal station, €.8.
Zliten returns a figure of 44%, which ie directly comparadble
with that returned by Tummina. In fact, the rainsshadow gone
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of western lisuratino hme less reliable rainfall than the
eastern ares. In this latier zone, especiamlly in the Dafniaw
Bir CGzir area, the greater reliability of rainfall is the
result of local relief effect by the dunose sand seas along -
the littoral of Dafnia. Altitudes of 40«50 metres are
sufficient to give localised orograsphic rainfall in thie
coastal gone, where spring snd winter winds have an unhindered
fetch over the Mediterranean.

Figure 11, showing the mean number of days with rain,
gives further evidence of rainfall distribution on lines that
have been suggested.

Eheﬁgradient of variability falls steeply inland,; as nay
be seen from Figure 9¢ Even on the coast, the unreliability
of rainfall is such that irrigation is necessary everywhere if
the quality and quantity of the harveste are not to fluctuate
violently. In this context it must be pointed out that
stabilisetion of crop ylelds is as great a problem in Libye
as the development of new lands., In spite of the fluctuations
in ennual prégipitetion, irrigation water from the shallow
phreatic water table has enabled the growth of reasonably
secure settlement in the narrow and discontinucus oases of
the littoral. Vhere irrigation water is not availadble, shift-
ing cultivetion is paramounts
(vii) Drought Effects in Miguratine.

Prolonged periods without rain are frequent in Nisuratineo.

At Homs, a maximum of 216 consecutive rainless days were
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recorded in 1928. In auy year, an average of five to sixz
rainlese periods each with more than fifteen days without rain
nay be'expeétedca)a Loeal effects of rainless periods have
little immediate impact, since adaptation to the scarcity of
wvater for human and agriculiural needs is well developed.

Fevertheless; 8 high incidence of rainless periods has
a cumlative effect over a single year; especially if the long,
dry periods are experienced im the normally wet months of the
year. At Homs; in the maritime zone; one year in five has a
high incidence of rainless periods sufficient to give drought
conditions (Vide Figure 11).

More precise enalysis of the years 1918<1922; 1926-~1840 at
Homs Citte and the years 1927, 1929«1941, 194441949 at
Misurats Citte is shown in the following table, 1955456 end
1960 were poor years for rainfall, and crops and animals
suffered accordingly. Pigures 14 and 15 show the distribution
0f rainfall in the former period.

Station lore them 507 50-25% 255%0%s
Homs Citte 1 3 6
Misurata Citta 2 4 5

%here two consecutive years or more show markedly less
than average rainfall, disruption of the local economy ie most
evidents Agriculture with average conditions is & marginal
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activity in any case in Pisuratino. Pailure of rainfall over
8 complete agriculyaral-year may be ruinous, especially for
those farmers with enly limited subesurface water resources

to draw upon. -

In all areas other than the coastal oases, the indigenous
‘population has been able to adapt itself to the preponderance
of bad: years over good only by a precarious nomadic economys
It &s & factor of signal importance, that the intense
variability of an’ insufficient rainfall bhas been, and will
be, a tremendous retarding element in agriculiural development. .
Development and stabllisation are complementary in Libyas each
absorbing &n equal share of the national and forelgn capital
resources.

. The Libyan Public Developument and Stabilisation Ageney .
spent L 200,000 on stabilisation activities in Tripolitania
in 1954#55: 1In the same financial year, the Agency speny
£L 110,700 on agricultural development, In 1956-57 the
comparsble figures were £L 124,000 and £L 227,496 on
stabilisation and development respectively.

Three rainfall seasons emerge from anslysis of the.
average menthly rainfall figures. They are autumn {former),
winter; and spring (latter)s At all stetione in Misuratino,
the rainfall meximum is in the restricted period from December
to January, with the greatest fall in the latter month. Im
the coastal ozses; sutum &ccounts for a greater proportion of

rainfall) then spring. At Homs, for example, an average fall
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of 78.8 mus. is recorded for the months of October and
November, whilst spring rains in February and larch total
5848 mme, This tendency is characteristic of the littoral
steppe zone also, where maritime infiuvences pencetrate

eppreciebly.
DABLE 7
©  RAINPALYL SEASONS AT SELECTED SPATIONS IN MUS.
STATION AUTUMN WINERR SPRIRG PERICD OP
(Octe=Nov) (Dec=~Jan) (Feb=-lar) OBSERVATIONS

HOMS 78.8 109.4 5848 23
MISURATA 89.4 106.0 47.0 30
ZAVIET MAGUIB 66 .5 95.5 44 .6 18
TUIRIINA 47.2 73.0 36.1 15

BEN WLID 12.9 19,0 18.2 15

Source: Pioggle della Libia. Fentoli.

Hevertheless, in thie steppe zone, there are indicctione
of e chenging balance from greater spring rainfall to greater
autumn fall. Pigures recorded at Zaviet Haguib and Tumnmina
iilustrate this transition. At Bean Ylid, the transition is
fully evident, with spring rainfall greater than sutumn, and
clogely approximating to the winter maximum {Vide Table 7).

In any given year, precipitation of any particular month
will vary appreciably from the mean values. In the area of
¥isuratino, for the rainy secasomswhich have been defined, there
have been vast divergencies between the maxirum recorded in
any month and the minimum. Table 8 gives a elear indication



ot thﬁa divergence. Complete failure of rainfall during the
eritical growing season has obvious implications for the
agrieultural conmonity. Table 9 shews the mdn;mnm recorded
fall at the main stations in Misuratino.

IN. HILLINEﬂmHB

SE@@I@N 06T HNOV DEC JAN FEB HAR

Hows 148.1 2805 146,7 1015 109.2 87.0
MISURATA 2211 111.2 130.4 177&6 65.6 45.1
TUﬁﬂlmA 48,8 5007 39.0 79-? 44,0 37 3

The\period of reeordinga at Boms is for 25 years, at Miaurata
203'30 years, end at Punminge for 19 yeers. Sources Segv.
Hets Trip.

4‘3"Um HEGQBDEDﬂEA;ﬁWALL A2_SELECTED STATIONS, POR: PERIOD

staTION 06 WOV DEC JAN FEB MAR
HOMS 0.0 040 Q0 4.3 - 0.2 0.0
HISURATA 0.0 0,1 0.7 2.6 0.0 0.0 . :
TUIRHRA 00 30 B0 040 040 0.0

The period of recordings et Homs is for 25 years, at
Hisurata for 30 years, and at Pummina for 19 years:. Sources
Serv. let. Trip.
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o TARIE 10
NUMBER OF DAYS WITH THUNDERSTONS IN DECADE 1924-1933.
SMAPIOS J P W A W J J A S O N
HORS - « 2 ~ « » 6 1 1 1 - 1
ZLITEN 1 - 2 2 3 - - - 2 4 1 =
LISURATA 3 « 2 3 = 4 - « 3 2
Sources Boll. Het. della Col. It. 1924=33.

TABLE 11
NUMBER OF DAYS WITH HATL IN DECADE 1924-33.
sTATIOR J F M A M J J A S O F D
- T i
CIITEN & 1 2 = 1 o o = = = =« =
MISURATA 1 = 1 1 = = = = 1 = = 1
égn;ca: Boli. Het: della Col. It. 1924=33.

liean menthly figures should, therefore, be vieved rather
circumspectlye. A wide renge of values has been recorded at
each station in each month. Although a greater reliability
of rainfall in Janusry is appareant; no valid generalisations
may be drawn. The maps end diagrams in this climatic ssction
can only give B guide to the possible range of conditions.

Daily rainfall displays highly verisble characteristics.
Rainfall in ticuratine tends to be of skort duratior and highly
concentrated; even when associated with depression fronts.
Heavy falls are not exclusively confined to thunderstorm
conditions on the coast, but they are so imland. In late
épring end ahtumng the frequency of thunder is greatest,
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averaging from two to four daye per month during those periods.
In winter the incidence decreases to one or two per month.
During the winter months, particularly in the steppe zone,
during the period of depressicn instability em the littoral,
convectional abtivity-leads t0o hailstorms. The relative
frequency of these throughdat the year is almost the reverse
of the frequency of thunder. Further data are svailable in
Pebles 16 and 1l.
(viii) Arig;jzm
' Reference has been made alréady to the differences which
underlie the climatic gonation of the arez. Por our present
purposes treatmént:is necessary of two of the elimatic zones,
f.es thée northern littoral and the pre-~desert peripheral
steppe: So c¢losely does the periphersl steppe follow upon
the coastal strip, that even in dealing with the Oases of Homs,
Zliten and Hisurate, both climatie spheres must be considered.
In 1939, Fantoli devised a rough division of Libya into
climatic areas. His map, reproduced as Figure 4, was based
mainly en his own obscyvations, ard on an unspecified gradaticn
of zones 0f lessening maritime influence. Iater in the thesis,
the reaction of the inhebitents of Hisuratino to the effects of
lessening maritime influence will be suggested as a factor of
primary importance.
T will sugnent the Pentoli thesis here to develop the
basic element of aridity, upon which he laid due emphasis.
mhe:relative“arid;ty of stations in Tripolitania is
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i}lﬁbtrated by the 1sop1eth map Figure 16, using the Emberger
formalas Values represented on the map from zero to twenty
ére(indicative of pre-~desert and desert conditions. In
Misuratinoy; these values coincide roughly with the area south
of the isohyet of 200 mms. Values from twenty to 45‘$epresent
arid conditions appreoximating to the zone of 200 mmB. aud
above. From Pigure 165 it may be observed that the greater
part of liisuratino falls within the pre-desert as thus defined.
Only the littoral belt comes within the less severe arid zones
Ve have mentioned earliey in this chapter that the
variability of rainfall is ede ‘of the major causative forces
behgnd the aridity of the Tripolitanian environments Never-
tr;ei-eas, it should be noted that the Emberger Aridity Index
gives. just weight to the variability of reinfall and also
includes reference to variation in temperature extremes.
Thue, the critical isopleth of 20 in Figure 16 conveys a
sound impression of ﬁhe change from the arid maritinme to the
pre«~desert steppe in liisuratino.
(1x) Relative Humidity
Ag yet, adequate readings of relative humidity are not
available. From those figures which ere available, significant
daily, seasonal and regional variations may be observed. The
mean monthly valuee for a 23 year period show a tendency for
the coastal stations to return a less marked seasonsal
variation compared with the stepﬁe gone (Vide Figure 17 A).
At Homs, the meen reletive humidity ranges between 62 « 68%,
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ard a2t Tumnina between 57 = 67%.. The higher meen velues in
betﬁ,easea ere returned for the winter months. p

Hiore deteiled comparison of the statione is possible by
meane of Pigure 17 B, which illustrates the recordings for
1955 for the hours of 0800 hours and 14C0 hours. Tummina
tends to show greater humidity during the night and less
bhunidity during the day thean Homs. This is pertly a result
of the more moritime situation of Homs, and the consequent
less marked extréemes of temperature.

Compured to most Hediterranean stations, the winter mean
monthly reletive humidity figures ere low. Tunis, Bigerte
and Bénghaz& all show kigher winter relative bhumidity,figures,
éergging well abeve B80%. A% Hams.'the relative amonthly mean
is less than 65% for the winter months. The constant presence
of hot, dry alr has both bemeficial and detrimental effects.
On the one hand, the small and eramped villages are more
healthy then those fn the more humid reaches of the laghreb.

On the other hand, high evaporation rates coentinue unabsted
throughout the winter‘manths.. Low relative humnidity in this
period is probably to be accounted to the influence of the dry
westerly winds blowing from the arid south of Tunisia.(?).

Summer conditions present rather a different situation.
The Haghreb, Malta and most of the northern Mediterrsnean coast
~ have & low relative humidity in summer, with figures ranging
in the lower eixties. As illustrated in Figure 13 A Homs and
the littoral of Misuratine as 2 whole, tends to have a relative
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hunidity which ranges in the higher eixties. Hence the
 summey months, especially July and August, are most debilitat-
ing and inhospitable. Prolonged high summer humidity has a
retarding effect upon the ripening of meny fruits, particularxrly
. on the olive. 0live production from the Volpi Gonecessien
nezy lilsurata is commercially negligible, mainly as a result
of high relative humidity during the critical maturing months.
Related to this problem is the fact of violent variﬁtiens
in-relative humidity with the onset of Ghibli winds.
lagagzini hae recorded falls of relative humidity from
80% to 10% in a matter of hours. The impact of these chenges
is of importance to the oasis agricultural society, but it
will be left until later chapters to discuss the ecologicel
and economie ramifications of these phenomena.

The mean yainfell at Tummine is 175:5 mma., hence any
small addition to soil or plent moisture is important.
Although there ere no data available to cover stations in
Hicurating; it is like}y from consideration of other arid
territories that dew £;rmatian tekes place at all seasons.

The greatest frequeney will probebly be in lete spring, summer
and sutum. [itchell commenting uwpon the incidence of dew
fall in Malta, points out that 66% of the dew f2ll comes
within the period April %o Septemberw) e This spasonal yhythm
is simiisr to that recorded by Duvdevani in the coastsl reaches
of Israel$4)s Since the 0800 hours resding of relative



uxhnmidity at Tummina in 1955 in meny cases. averaged over the

| 70% meri, 4t is conceivable that earlier readings would show
an appreciable proporition of neay dew~peint reedings. Dew
deposites in Israel have been as greazt as some tenths of &
millimetres, Hence,; 4f the frequency of dew formation is as
higpxaa has been suggested here, the importance of the
accurilated plant and soil moisture in Misuratino msy be
egriculturally significant.

Dew tends to be evaporated rapidly by the early morning
sun: The capacity of soils, treee and plants to absord dew
varies greatly. Thus 4% is not known how efficient dew is &8
a source oF moisture,; bearing in mind the intense early morning
evaporation. In the eteppe zone, the Arabs use caizns to
collect dews Thus, there is some evidence of the quantity
of dew which is made avajilable to trees end plants in tkis zone.

Of final counsideration is the influence of dew covering
on plents which acts as a dampener orn en immedizte rise of
temperature with aun~np.(4)

TABIE 12
NUMBER OF DAYS UITH POG AND MIST IN DECADE 1924-31933.

SPATION J P M A M J J A © ® D

HOMS 1 2 1 1 1 2 3 3 2 - =

ZLITER 1 1 2 « « = 4 1 & @ 1 =
T

MISURATA 1 2 l 6 6 1% 2 4 7 10 10




(xi) The Incidence of Pogs end Mists in Misuratino =
- Table 12 shows the number of days with fog amd mist
recorded in the dscade 1924+353. ’All stations on the litteral
show a high ineidence of these phenomens in the late summer
to early winter period: IHisurate records the highest number
of foge and mists, with a maxirum in July. The reason for
this high proportion of mists at Micurata mey probably be
attributed to the fact that the town is open to the in-flow
of see breczes from both the north and the east. In fact,

evening sea breecges are the csuse of the greater part of the

fogs and miste along the whole lengtb of Hisuratino. Fogs

usually disperse with the rise of the sun,

(xii) The Ineid ' , ' -
Conslderation of wind force and direction is essential,

since by its very nature, it acts as & formative influence upon
the amount and form of precipitation. Hisuratine 1s open to
the influences of both the Sahara and the llediterranean hence
winds are highly variable in veleclity and direction, depending
upen the differing interaction of major and minor alr masses.
Certain over<all tendencies are discernable mevertheless.

The percentage of winds from the respective q#arters of
the compase for a five year period is shown by Pigure 13 B.
At Homs and Misurata Marina, north west winds prevail at“mqst v
ssasnﬁs@ The north west winds of springﬁteﬁd*tb'be\af§gteater“*
frequency than in winter and also temd o be of greater
velocity« Throughout the summer, north west winds are
dominant; although they are less strong than in Spring. In
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autumn againg the‘north-westerliés are importent. South-
east winds have greater prominence in autuzn and are sironger
then at other seasene.

Pron Figure 1% B, it is possible to observe the great
frequency of winds of southern source. These southern winds,
blowing from the arid hinterland are invariasbly dry, and often
of Ghibli dntensity. The high frequency of these winds from
the south is a key factor in the aridity of Misuratino. As
will be seen later in .a comsidevration of fluetﬁéting;656p
yields, in Section Three of thies thesis, 1nopportuneglﬁ
protracted winde from the south are a perennial menace to
Larming. '

14ght local windes do not follow this major wind pattern.
In the 1ittoral zome, diurnal shifts of land and sea breezes
ere well merked. Pield observations in 1958<59 showed that
the winds d4id not penetrate fer inlend, end were of negligible
inportence in the steppe zone. HMoreovery from observation in
the sare peric8; it appears that the land«to-sea drift of air
predominates from the late moyning to the early evening. At
approxinmately 16.30 hours localwtime, a sudden réversal of
direction brings a cooler sda~-to-land breege. Coastal
temperatures are slightly moderated in the evening, and
occasionally, evening mist is essociated with this on=shore
breese.

Other types of local wind moveument have been discussed
rreviously in this chapter in respect to local thermal
conditions (pp. 5-13).
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Of significance {n Misuratino; is the frequeney and . .
duration of Ghibli winds:. Detailed reference has been given
eaylier in this chapter to the effects on temperature and
bunidity occasioned by the onset of a Ghibli. Buropean
colonists in ILibya tend to refer %o all hot winds from the
south as ¥Ghibli* winds. In fact, the true Ghibli
originateé in the south=west: NMilder winds from the southe
east are less strong and less hot than the true Ghibll, and
are associated with depressions passing through the northern
Hediterranean.

The Ghibli wind i1tself is invariably z depression wind.
During the spring months the Ghibli is associated with low
pressure systems from the Atlantic which are moving more ar .
less parallel to the North African coast. In late spring and
summer £4 is thought likely that the Ghibli is the result of
cyclonic conditions which have developed over the western
Sahara‘l).

The advent of a Ghibli is difficult to forecast; since it
develops frequently when there are no obvious meteorological
conditions discernable from synoptic charts. Ghibli couditions
obgerved during the writer's tour of duty in 1958459 showed
the following characteristics. They were preceded by a slight
1ull in the prevailing wind, which lasted for fifteen minutes
or aore:. The onset of the Ghibli wae accomplished in a matier
of nminutes after the arrival of the first breaths of hot airs
%Wind force generally rose to force 8ix or seven or the
Besufort Scale. large quantities of sand dust were tarried



into the air, veducing visibility ¢o less than twenty yardss

On the average, the first hour was more stormy ané'gots
Thereafter, the violence of the wind was less intense, and the
visibility inproved somewhat. Fevertheless, tempersiures
remained high and visibility poor.  The end of the Ghibli
came as quickly as the begimning, with e sharp revereal of
wind direction snd en infiux of cool air from the seas Two
€hEbli winds of the four which were observed ended in the
evening at the time when the normel on-shore breeze begenl.

- During the Ghibli, outwof-doors activity was impossible
and all asgricultural work came t0 &n end. Work 4didé not
recommence until the wind bhad completely biown out. Buropeans
responded badly to the change im thermel corditiorns. Tomen
especially suffered from the éebiliteting effects of the
prolonged high temperatures and the dryness of the atmosphere.
(xiii) Climstie Influences - Sugmary.

Pron the discussion in this chapter, it is possidble to
discern the basic elements of the subetropicel me¢sothermal
cimate in Misuratinc. . Tnts ds especially true of the littoral.
Strong influences of the maerothermal desert te the south
impose a marked aridity upcn this basie structures

Precipitation is seasonal in incidence, highly variable
in neture and small in quantity. The thermal reginme tends to
show liediterranean characteristice in winter and Saharan
cheracteristics in summer. ©Over~all, the area reflects the:
Bature of the Mediterrsnean Basin as a climatic contact zumeQ
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" eng the position of Misuratino in ome Bector of this zomes -
Euman epproaches to the use of the envirvoanment are
limited by the poor rainfall end the extreme tempersture -
conditicns. Even in the coastal region, much of the laaéd
is unsuitable for sedentary agriculture unless water is
evailable for irrigation. Inland, in thé steppe zone,
climetic limitations have restricted agriculturasl activity
to primitive shifting cultivation and stock rearing. Adverse
clinatic¢ conditions have helped to produee an enxirnnﬁent in
which men is fighting e hard battle for survival and advance~
nente
In later chapters, other features of the arid envircament
and the human reactions to them will be studied further.



(a) Influences of €eomorphology and Geology.

{1) The Foot-Hi1l Region.
{ii) fhe Quaternary Cover in Eisurstino - The Coastal

(i4%) Beﬁy ongl Bxamination of Quaternary Geology
' drologicel conditions prevai in the
Conponent OGases of Misuratine.

(b) 8oils of Misurstino.
(¢) Hydrology

€4) Besume of Characteristics of Precipitation.
éii) Bvaperation.

i44) Burface ‘“"“’&

(iv) CGround-Ws ology in Misuratino.

(v) Aﬁtesian Water Resourees in Misuratino.

(d) Utilisation of Water for Agriculturel Development.

(Ag Indigenons Ozsis Develcpment.

(B) Exploitation of the Bemi-artesisn water table -

| Pumping by electric power at Concession le Valdagno.

(C) Bxploitation of the Artesien ﬁhtera of hisuratino -
Italien Development at

(D) lodern Arab: Development st Wadd Caan.

(B) Some Observations upon Costs and Capital Investment

in Irrigation Development.

(e) Summary - Hydro-Agriculturel Development.



in the previous chaéter.it has been shown that the key
influence upon huran getivity in Misuretino is the dominant
aridity of the envircnment srising from the Qharaéter,ot,
precipitation affeeting the region. Obviously, the question
of preéipitdtion poses only one aspect, eveh if the most
significant, of the problems assoclated with humsn oceupsnce
of the area; further facets of the physical geogyephy of
Misuratino must be taken into account in order to.arriVe at an
assessment of the balance of walter supply. Partieuiggly, ve
muist evalyate the amslgam of influences present in the physieal
environment in terms of those fgetors vhich mitigate and those
which augment ayidity.

In the following psges, we shall examine point by point
the quasi«constant festures of the landscape in their effect
upon water supply in the srea; such discussien will also serve
as a preface to laﬁer enalysis of humsn economy and society in
Misuratino. ﬁé'shalz sugzest that pure elements sﬁch as
geomoyphology and soils ave important in the present context,
but that they are subordinate to the finsl result of water
availability since indigencus and alien economies are dependent
for existence upcn secess to permanent supplies of water for
both domestic and irrigation requirements. Thus, aftep
discﬁsaion of the physiecal background of Misurstino, we shall

go on to examine the brosder implications of these influences
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as they effeet the hydrology of the region.

‘Throughout this chspter we shall be concerned with the
aveilability of water supply; more pertinently, we shall
examiné the pattern of exploitation applied by human society
to those water resources. In pavticuler we shsll refer to the
relstionship between the varying types of water resources and
the economic state of communities occupying Misuratino in the
1a8t 79-100 years. We shall demonstrate that there has been
8 ehang;ng appraisal of watér supplies by indigenous and slien
societics corresponding to the genersl trends in econonie ' -
growth end technologiesl advance discernsble in the region.
Hence, in the following examination of the balance of wster
supply in Misuratino we shsll meke consistent yefarence to the
over~all pattern of hydyro-agricultural development in the
region in terms of econemic grovth.

r gna _Genlagy.

Throughout Misurstino, the foot-hills of the Jedbel and
Msellata liec some £ive to sixz kilometres from the sea. The
plain between the Jebel and the littorsl belt of cosstal dunes
which £ringe the area to the north is generally from four to
five kilometres wide, but is cultiveted only in a band some
three to four kilometres wide.

This littoral - gnd at the same time piedmont plain - has
been for a long time the most favourable erea for sedéntary
agriﬁu&tural development. Under nomadic and semienomedie
cceupance, cultivation in the plain was limited to dry-lend
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cereal culture and sporadic date palm culture. The facfors
influencing the growth of sedentary sgriculture in the area have
been the fertile nature of the finn soils and the existence of
ground water at a shallow depth. Ever using the most primitive
ol techniques it wes possible to penetrats the surface soils
end provide permenent well secess to the phyeatic water table.
Water from the numerous wudis rising in the Jebel spreads over
this ggricultursl land in years of heavy rainfsll and lesves &
fertile coating of silt. Under certain conditions of slope
and soil properties, the water gction csuses damsge to land
through scouring.'”  The bemificiel stlting effeet is produced
by the smaller wadis of the area which have a relatively long
pasaage over the plain, such as the Hasnun snd the Iebid wadis.
In these cases, the fléods rorely reach the sea, and there is
no net loss of surfece soils during the winter. In other wadis,
where the course aersss the plain is short, scouring presents
a major problem and loss of soil is thought to be substantial.
Wadi Gauv-Gan, for ezample, with a large catehment area and a
short passage across the plain, generally loses its'fiood water
to the sez except for small quantities which seep anzevtﬁe wadi
bed or into the natural flood zones situated along its course.
Ground water is plentiful in the»litﬁorai plain, being
supplied mainly in the wet season by the waters of the Jebel,
which seep seswards. In aress of natural flooding on the plain,
1azge amounts of ground water seop into the surtaee to eugment

(6)

the waters of the Jebeline foot-hills, especially in respect to



-37~

the eisller wadis which do not reach the sea. 4s we shall
suggest later, en increase in this effect might be brought
about by diversion works on the larger wedis, with a view to _
leading the flood waters of these wadis to aress they cammot
reach at present, but in which the solis are fertile encugh to
warrant cgricultural development.  The fact that the soils of
the plain are highly permeable would lesd to further adwmtage
in the buildeup of ground water supplies.

The Jebeline foot«hills form a distinct element of the
1ittorsl erea of Misurstino. They took the form of a vast
platesn of limestone and marl cut down, and deeply scoured by
punsoff and wadi erosion. The plateen surface presents an
over=all summit level, made Up of numeérous mesdas. Small oute
iiers are to be found over large areas, especially im the wadi
basing such as the Caam-2arreglat system. Alongside the out-
liers are depressions vhieh have been scoured out of the marly
ground. The depressions or bassins have in time been filled in
by large quantities of sediment. In terns of momedic sgricul-
ture they present fertile aress suited to shifting cereal
cultivation, or slternatively, excellent graging lend. Most of
the wadd basins ere limited in area, being barely one o two
kilometyres &n width and two to three kilometres in length before
they open on to the littorsl plasin. The lergest wedi basin in
Misuratino is that of Wadl Caams The lower basin of the Casm
measures more than four kilometres at the widest point and 1s

some eight to nine kilometres in length. A% present it has a
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£lat surface, @ slope of about 2% to the north and ccontains
good sgricultursl f£inn soils. From the agpicultural point of
view, it is unfortunate that well developed dune formations
octupy a large part of the besin's eastern sector, whereas in
the glightly less fertile westorn sector, the surface relief is
indistinct and stationary. )

Fegon the Italian 1:100,000 scale map, it appears that the
aliuvial deposit has resched a level of 28 metyes in the down=
strean part and 33 metres in the upesiyeam papt of the basin.
The s0il in this depression is very fertile sccording to reports
of local gabila who crop in the area, but ot present the
eultivation of crops is diesorganised and scattered, since, as s
component area of the peripheral steppe gone, it is held under
communal ¢abile tenure and is worked by shifting cultivation.
The shorisge of water ih the ares resulting from the depth of
the water table has discouraged indigenous farm éperators from
utilising the land in a systematic mammer. It is likely that
in the present elimate of eccnomic growth in the area rational
development would teke place if the water probler were solved.
At present, the most fully cultivated land is found at the foot
of the roek slopes, where runeoff can be tapped using long
catchment channels leading to the cultiveted plots.

The Romans carried out s considerable ampunt of land
development in the wedi basing and Jebeline footwhills. The
great number of tuined farm houses in the wedi depressions, and
particularly in the reglon of Wadl Casm sre evidance of the
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intengive work undertaken by the Romzna. In the Csam-Tarreglat
syeten, there are extensive Femsins of ddversion works, which
sppeaer to have been reconstructed and used again during the
Turkish regine. Pupther deveiapment, seen most intensively
in the vegion of the Caam~Tarreglat, but which charactorises
much of the ares of Misuvetino is represented by the wells of
some 25 metres depth, and large reservoirs or cisterns at the
foot of the steeper rock slopes.

Hydyo-agricultural developzents on these same principles
have s very geod chance of suceess in the regions of the
Jebeline foot~hills and wadi depressions. &hevégricultural
future of the pepiphepal ‘steppe is an unknown quantity, as ve
shall ahéérve'laﬁer in the thesisj it is, nonectheless, worthy
of note, that the potentlal for development does exist in terms
of wster supply. In the Casm-Tarreglat basin, for eazample,
it is estimgted that 1500 - 2006 heetazres of land is available
for developrment. In the foot~hill zope sbove the littoral
plein ané the wadi bagins the envircament is not favouradble ¢o
development actiﬁiﬁy. The zone is particulaply arid and
suffers from lack of water for most of the year. The zltitude
of the zone mekes it exposed to the full force of Ghibli winds
£rom the south, whilst the combinstion of high sumuer temperature
and sbsence of water supplies rendér it suitsble for nothing bat
the roughest of grazing. The formation of gullies znd
¥egressive erosion is very rapid during floods; gullies eight to

ten metres in depth, with almost vertieal wails are ecut in the
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alluvisl parts of the area. Agricultural development in the
wadi basins will have to be matched by egual concentration

upon conservatiocn in these upper zones. The extent of erosion
is 1llustrated by the fact that limestone and marl areas are
badly eroded snd exposed over large areas.

Dune formations characterise both the littoral end the
steppe periphersl sreas of Misuretino. Along the coast, dunes
fringe the entire 1ittoral, with minor seas of ssnd being |
coneentrated in the eastern region of Dsfnia towards Misurata.
The extent of the littoral dune system is shown in Figures 53 &
%. Dunose areas and the sdjacent inter-dunsl psimeries offer
particular problems of development, the former in respect %o
technicasl difficulties of fixation, which we shel) examine
later in this chapter (b), the latter in respect to their position
in indigenous farming, which is discussed in Chapter V.
Continental dune formations aye to be found in the large wadi
basins, particulerly that of the CasmsTerreglst, and in the
extensive plain of deposition formed by the esst~flowing wadis
in the region bordeping the Sebkhs of Teorgs. Iobile in nature,
dunes are & constant menace %o agriculture threughout Misuratino
both in the eases end in the areas of Italien colonial settle-
ment. 4l1l the at‘epfpe regions, and some perti-ogp of the littoral
plein, exhibit o relief mede up of smsll fixed dunes some two to
three metres high. These small sard accumnlféticns are generally

quite fertile when levelled end irrigated; they offer mo serious
obstacle to development.
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The formations making up the area of Misuratino have been
thought of as representing *’dontinwtal' or *metemorphosed
Piiocene? ovewlyﬁ.ng beds of the Upper Cretacesus Period, which
are a well marked feature of the MNpellats area snd the Jebeline
foot-hills (Vide Figure 20).

The Cretaceous beds outerop in the hill sreas, but are more
important since they underlie the wadi besing and pepipherval
steppe areas of Miguratino. Their particulerly cslesreous
nature (limestone eontaining large masses of compact limestone,
marly limestone with phosphate layers, marl conlaining gypsum,
pure crystslline limestone) is responsible for the large losses
of water from the upper reaches of the wadis and thely tridu-
taries, and the karstic nature of the hlll masses. In areas
vhere marl overlies the limestone, there is much less seepage
of water from the wadi basins. Throughout ¥isuratino, the
importance of IUMASCHELLE, that is rock made up of shells held
together by & thin marl cement is well marked (Vide Pigure 21).
These ma*ril.-y limestones rest on a large srgillaceous sandstone
formation at a great depth. This fact hes been detérmimed by
. engineers of C.0.T.H.A. during $heir work in Tripolitania in
3956-5747.  Buring investigations in the region of the Caam-
Tarreglat Wedi system, sections were tasken through a Roman well
on the left bank of the Tarreglat some three to four kilometres |
from the coast {Vide Pigure 26). From Dgte accumulated ot
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this timey 1t appears that the fossiliferons merly limestone
beds sre from 5060 metres thick zlong the edges of the wedi
basin (Vide Figure 21). They are yellow in colour end easily
distinguished from the grey and white cutecrop of the dolomitic
rock which forms the upper layers of the outliers.

In theiy iipper layers and interstratifieaticns, the fossil-
iferous marly limestones exhibit a thick layer of resiatant
sendstoneslike limestone containing fine shells (Vide Figure 27).
It is &n reality a slope formation which tends to be more
developed in locglised sreas of the waudl basins: The shell lime-
stones undoubledly correspend to a perlod of coastel sedimenta~
tion. After s brief return to deeper sedimentetion (IDMASCHELLE
marly limestene) there followed = deposit of fine, compact
1imestenes which were subseguently dolcmatised. This dolomitic
limestone forms the upper beds of the geries in the foot~hill
ereas, being some 10~1H metres in depth. They form over-hanging
iedgos ¢ven on medium slopes and occasionally take on
picturesque forms of erosion vecsuse of their resistant nature.
They are deeply fissured gnd of caveynous structure so that they
contrast with the underlying marly beds. Whereas the mayls
are perfectly waterstight, at certain depths a limktted smount of
karstic civeulation oceurs in the limestone formaticns during
the wet season. This tends to accentuste the local problems
of water Sorage in the area, since clstern storage tends to be
locuted at the roek slopes where maximum yuneoff may be

sccumnlated; in these same aress water losses through seepage’
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are et a maximum.

The geozéf‘g‘icai fauna of the ares, LAMELLIBRANCES, indieates
that the ares ls Miocene in corigin and is probaebly Hefvetian
in the particular sone of the Misuratino littoral. Thus, the
aree may no longer be regarded as 'Metsmorphosed continental
Mlocene? as it was by Italian wpiters. Work by the oil
¢ompanies in the yegion hag been tending to discredit Itslian
findingss this is confirmed also by the work done in connection
with theo ¥Wadi Casm Sottlement. The beds in the réglon of Wadi
Caam bagin have provod much older than those forming the Hiocane
procontory of Mesellsta. The gediment in the basin of the wadi
is gravely sand, layers 6f compact clay, finp snd layers of
conglemerate erust (Vide Figures 21 & 27). These recent sedi-
ments, whose thickness is not £ized with certainty &s yet,
present seversl serious problems to development in the ayves.
They could give rise to intenso losses of irrigation water both
from storsce bssins énd reticulation chammels. The conglomerate
crust is a formation which occurs psrticulsrly in the peripheral
steppe areas of Misuratine (Vide Pigure 27). The formation
consists of calejum salts and suiphstes, rising by capilliary
getion snd being fixed in the upper layers of soil vhen carbon
dicgide leaves them. This fermation is slso present in the
alopes of the oroded surfaccs. In this ease it is formed in a
sinilsr way to Yiravertine' snd includes meny pieces of stone
from the upper beds {conglomerabe crust). In the wadi beds,
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especially in the foot~hill resches, the erust has been much
eroded by the sediment carried by flood wasters and has collapsed
due to under~pressure znd piping. In msny of the wadi basin
ereas of western Misuratine the &ipn is often eovered by newly
depogited sediment which is elther seolian or casused by old
Romsn and Zurlrish dams in flood conditions. (6’

The area of Misuretino exhibits s tabular structure dus
there is a slight gradient of 56 NNW.  The dip of the out-
cropping rocks 1% the ssme as the general topogrsphic siope east
towvards the Sirticen Embayment; the Upper beds of the Casm
series therefore form a struetural surface rather then a tectonic
one (Vide Figure 20).
{ii) The Quaternaxy Coves _ astal Pin

Hauch work remeins to be done on the problem of Quaternary
peology of Tyipolitania. In Misuratino geological survey has
been totally lacking sxd the following deseription of geologiecal
conditions is presented to give only a basic sketeh of conditions
in the ares in lieu of any authoritative statement by geologists.
The writer acknovledges his debt in this respect to the work
completed by early Italian scilentific missions to Tripolitania,
end in particular to the findings of the Ministero Della Colonis
Itaiiana. ) |

& droad, but working, ciassification of Quaternary cover in
Misuratino wes offered by the Italian Seientific Mission during
the early period of ‘occnpmon.(s) The classification ran as
folloug:~

an Misneavaing o the Coggtal viain.
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i. Aeolian deposits (lover).

ii. Reddish serd rieh in 'Helixz'.
iii. Upper szndy deposit.

iv. Havine Daposits.

v. ldttoral dunes.
ﬂo ©
The location gnd deseription of these aress may be sunmarised

in the following way:-

(1) Browny~gellow colour, with 2 fine grained texture. Found
eztenaively along the extreme 1ittoral of Misuratino, it is
aniform over great distances. The uniforn type of grain and
its resistance to erosion moke this an exeellent bullding stone.

(1i) Red gapnds with *Helix'. Fine grained formation eithout
any stratification. This strata carries some of the most
fertile soils of the coastal plain from Homs Oasis to Misurata
Oasis, =znd is also thought to form the subegoil of the gebkha -
regions. The layer is usnally found in s single strptum,
aithough the thickness varies from aves to area. In some
localities, the stratum is internixzed with sandy loess. Along
the 3ittorai, the loess red sand mixture forms arveas of groat
homogeneity, where the sands have e fine grain of less than
half a millimetre ond are essentially quertgoge in natuve; The
quartgoze grains account always for more than 50%, and sometimes
for more than 90% of the formation. The zesidue content is
made up of mineral calcareous elements and wvaried siliess
emongst sodium caleite, alialine felgpar and heavy minerals.
Espeeinlly in the lover regions of loess/ssnd deposits, there
ave many irreguler grains of loess cemented with local sands
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through the percolstion of water, which ¢arries bicarbonate
end caleium into the body of the mass. The permqabint‘y of
the upper sends end the relative impermeability of the under-
rock is a factor csusing the formation of perched ~equifers.
The location of the coazstal cases in Misuratino is influenced
in some part by the presence of these two features of Quaternaly
geology. Where the under-rock is permeable, as in the case of
the limestone areas suprounding the foot~hills, or the limestone
aress covering lavge sreas of the littoral east of Ziliten Oasis,
the phreatic water table is discontinuous or tetally ahsent, and
pain ossis cultivation is thus precludeds in certein cireumstances
local perched water tables occur in aress of calerete formation.
The layers of whitish asnd within the Red 8and formations
are known as hard pen (ealerete). Its depth veries greatly fron
area to area from gbout a ¢entimetre to one metre. The hard
pan layer results from the bicerbonete &nd calcium elements
being lesched from the loess into the locsl sands. The hard
pan is frequently querried for use as building stone in the
construction of houges oné cisterns. In some of the sones of
the Sahel El-Ahamed, in Zliten and Misurata, the hard psn layer
has to be perforated before palm cultivation is possible. In
the Misurata region, around Zlitén and in Homs Oasis, the pan
layer appeers to be inclined upvards towerds the sea at gngle
of 10-20 degrees. Thig permits infiltration of ses water into
the phreatic zequifer end sccounts for the brackishmess of well
wvater along this reach of the coast. Iﬁﬁmmtion presgsents
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special problems of lsnd msnagement in Misurata Osses, where
the highly developed character of the hard psn layer and the
11t north of the formstion has led to prolonged and heavy
infiltration of sea water into the phreatic water tsble. In
HBems, there is an inclinetion of several degrees to the east,
end in Zliten a slight tilt of the hard pen level to the west
is reinforced by a counterspoise %o the ndrth. The worst
effects of infiltraetion in both these psses are thus precluded.

(4i1) Upper sand deposits exhibit an irreguler stratification,
comprised meinly of marine elements:. This ground rock forms
smell hills and hillocks of warying sltitude from 10w20. to
4G=50 meétres, the higher formations being well developed to
the west of Concession Volpi. Since they sre elevated above the
general level of the coastsl plain, these hills are frequently
used by the Arabs for graveyards snd forts, @3 in the ease of
those at Homg and Zliten. A further function of these areas is
in the protection that they afferd the surrounding lands from
the worst influences of the sea winds and penetration of the
mobile coagtal dunes. Especially in areas close to the sesz,
the formations are deeply eroded by wind setion.

(iv) Marine depdsits are of small importance in the area of
Misuratino being limited to tho sreas sround Misurata Marina.

{v) The send dune formations of the coast are formed during
prolonged periods of drought on or c¢lese to the beaches. Within
the seme srea both marine and continental dunes are formed
almost under the same eonditions. Nonetheless, they iilustrate
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different characteristics. In the region of Leptis Magna and
east 6f Defnie, merine dunes end continentel dunes ere inter-
mized. ¥ these tracts, the dunes sre parsllel with the effect
‘of the prevailing winds. Raplet or minor send seas exist in
both areas of intermixture, reaching maximum develapment east
of Dgfnia, vhere they are invading sgricultural sreas around
Kahima and the west part of Misurata Oasis on e front of some
15 kilometres. '

The dunes are made up of calcarious dands with relatively
large grains; 80 of the grains sre sbove helf s centimetre.
The dunes ap*péar to be affected primarily by the north-vest winds,
end in the Leptis Magns ares lie at North 35° West. The
velocity of invasion by dunes varies with the size of the dume
sea and the exposure of the coast to ses winds. In the Misureta
region, the ammual loss to dune encroschment is estimated at
15,000 square metres. In the inter-dunal bssins the loss runs
at 30,000 square metres, or three hectares per amnum.

The intepredunal palmeries of Misuratine (Vide Figures 53 &
%) are floored by a terra rosss sub-stratum. The oasis basins
are small, situated chiefly in the Misurata Opsis and exhibit
all the charscteristics of small pases. The existenece of the
inter-dunal polmeries testifies to the relatively amsll move-
ment of the dune mssses, and must also be regarded as a factor
of sore importance in holding baek the sdvance of the dunes.

As we shall point out in g later chapter (Chapter V), economic
grovth vithin oasis society is tending to bring sbout 2



A9~

rationalisetion of land values, with a consequent abandonment
of the areas of interdunal palmeries. The retarding effect
gfforded by these ¢nitivated aress sgainst dune encroachmént
might be lost in the next deecade. ,

(vi) Seblkhn avress present partiecular problems of analysis
and are dealt with under the section (b) Soils.

- The village A»of Misurata is situated in low lying country;
the ‘centre of the settlement is only sixz to seven metres sbove
ses-level. The minimum distance of the town from the sea is
sbout four kilometres; nevertheless, the great mass of dunes on
the littoral flenks foree the flow of underground water from the
village to drain towards the Spbkhs of Taorge, which is two
metres below the level of Misurata. This topographicsl fresk
mesns that the subegoll of the oasls takes on many charscteristics
of the gebkha itself. The subterraneen aquifer at Misurata also
comes into contact with that of the gebkhz snd is therefore some-
vhat salty. %his is especially noticesble when the rains are
good egnd the inter-flov between the two baging is at & great
velocity. Some smell fragmented basins yesting on the hard pan
layer at a depth of thirteen to sixteen netres in those sress
vhere undulations in the hard pan surfaece are favourable, provide
2 limited amount of sweet water after prolonged ¥sinss im the
interdunsl palmcries Shis effect is optimum. To the west of
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Misurata Oasis, the £lovw of water in the phreatic water tsble
is less saline but throughout the ares there are alwsys traces
of salt in wster drswn from wells.
The ares of Dafnia in local Arsdb terminology is the general

eoastal zone bBetween the western extremity of Misurata Ossis
end the castern extremity of Zliten Ossis. (In Buropean terms,
Dafnia normslly carries the implication of the ex-Italian
Demographic Settlement of Garibaldij in the present text, it is
the Aradb ares whieh 1s discussed)s Physically, the rvegion is
very undulating in charscter, with the pattern of urdulstions
psrallel with the trend of the coast. In the tract towards the
east the undulations are more mavrked end made up of the Upper
8and Deposits (ii4). The rest of the arez is under=lain with
e uniforn sand with a har¥d pan formation evident st shallow
depth. The wells of the srea sre freguently at a depth of 1'7
to 318 metres, serving peimely for domestic use under communsl
ounership as pert of the semi-nomadiec economy which prevails in
the area. &rall gerdens are to be found at the foot of the
dunes to the north, but they are of 1ittle significance.
Nunerous Rouan remsins of farmhouses snd olive presses infatelthe
erstvhile importance of the sres.
TEN _0ASI

The hydrological conditions preysiling in the oasis ere
influenced by tio primary factors. & lerge srea of the lend

enclosed between the dunes of the coast and the Jebeline foot~
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hills has no water outlet to the sea and exhibits all the
gbtributes of gebkha, introspsctive drainage. The undergromd
water in this zone is saline gnd its value for agricultural use
is restricted ¢to domestic and livestock purposes. In the aress
north of the main coastal rosd, and in the west of the oasis
tﬁwa‘&ﬂs Suk El-Giums groundvater drainage is able to escape
through the down-tilt of the pan lager to the Caam Bagin., In
this secondsry mome, the Bed Sand layer has matked undulations
present in the hard psn, which hsve allowed development of
sn2ll perched woter %Sables. These water tables are the basis
of cultivation in the richer seetions of the casis.

The oasis is situated between the limestone foobt=hills gnd
the eoast. To the east in the region of the Wadi Hasnun the
Idne of hills cones ¢lose to the coast. lopst of the wadis
drain to the sem, and the general alignment of the area towards
Wadi Casn ensures that seline gceumulations are loealised and
ingignificant in respsst %o agricnlturzl development. The
wells ave shsllow, of some seven to twelve metres in depth and
provide sweet vater.
0ASIS OF FOME

The cosstel plain of Misuratino reaches its narrowest
extension in the vicinity of Homs. The hard pan surface of the
casis is fragmentefly to the west, the inclination of the Hard
pan layer tends to be up towards the north with cénsequent salt-

vater penetration into the phreatic layer. In the Leptis



sgrieultural eres of Homs Ogsis the $ilt of the herd pan
surface is less aligned to the north and the dune formstions
along the ceast offer some protection fronm ses water infiltea-
tion. It seems likely from experience gained duping borings
of artesion wells 4t the Italfen farm of La Valdagno south-east
of Hous, that thebe 1s a second gquifer at @ depth of 30 metres.
is yet Arsd fefn operators have not explosted this deeper water

(i) Fenmres nf Goology and Gmﬁphblosy in H&mraﬂm bave
& great influence upon hydro-sgricultural development. In many
emses, these influences edd to the problems inhepent in the
¢Mmatic situation of the even.

(41) %he porous npture of the limestones which make up the

gre@tar part of the footehill aveas is useful in reppect Go
artesian water supplies as XItalian pieneer development has
shoum.
€414) On the other hand, the losses of surfeece wuter supplies,
and the exposure of lavge oyeas of karste»like out-crops bas
teriolly contributed to the poor development of indigenous
m»mzma:nmam basing and peripherel steppe sress of
Meuratine. A4s a -praace to digoussion of economic sctivity
in the aves later in this thesis, it should be mentiomed that
the artesisn rescurces of Misuratino will be en immense asget
as espitsal and tecimical knowledge rise to edvenced levels in
Apab sociéty.
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(iv) Qusternary geological formations sre the paramount
influence upen hydrowagricultursl conditions on the comstal
plain. The presense of dunpse areas, gebkbs and hard pan gones
each have their attendant preblems for locel sgriculture, and
over large areas preclade ccomomic, rationsl agricultural
exploitation. As indigenous economic life moves into the
sphere of conmersiel farning, 1% may be expected that the sreas
afam, dunes and sea water penetration will be adandoned.

(v) memﬂamwwmaﬁm,mymmmw
Ahamed may Ve classified as consistently feptile throughout its
extent nfluenced by the problems essccisted with festives
of Quate:mary geaiogiea: formation. |

ﬁarner éiamm 6f elimatic influences in Misupatino
will have indicated ¢loarly that the wtm-rel;ateﬂ topies of
rainfall end aridity ere the dominant envirenmental factors in.
respect to agricuitural develepment in the eres. The distribdu-
tion of goil types throughout Misuratine is a locelised snd
yenera less signifiecant environzental influenee upon eroppil
aotivities than that of climste. Nonstheless, 1znd appraissl
at a varictsl level is governcd to a large extent by local
conditions of seil fertility. In tho sutceeding paragraphs we
shall examine the nature of sell types present in Nisugstine
snd thaiy distributm in relation €6 agricultural development.

au"’ hos suggested 2 muﬁmi ¢lassification of goils

in the Jefara vhich has been closely followed by ¥illimot 4n his
studies of seils of Tripolitsnia.(1?)  ®no clagsificetion s




tantatively drewn up as followst-

(1) Cosstal and inlsnd dunes and sandy aveas. These may be
locked upon 28 asenal regosolsy horizon formation is
immature being composed of dunose or skeletal material.

(11) Allaviesl soils of the peripheral steppe. Usually
exploited for shifting cultiveticn undey a semi-nomadie

C . osonomy.

(111) *Intermediate type' of soils which are partly seolian
and partly slluvisl in origin.‘1®)  continente ana =
‘navine sands are inter-mixed vith westhered msteriel
derived frem the Jebeline foot-hills, imeluding & large
proportion of limestone and merls in Misuratimo. It is

 suggested that these soils may be classified as Pedocalic

| 'mi. _ S

(iv) 'Croute’ or eemmteﬂ sodls, in which prolongeﬂ ealeifi-
cation hes tsken place th:msa,emlw upemovezent of
ealolun ecerbanste cmused by the prevailing arid conditions.
Hi1) offers a systematic description of hapd pan and its
ingidence in the Jefara; he points eut, nevertholess,
that both vegional and chemicsl examinstion of the
problen ere necessary before any ccmprehensive conclasiens
may be drawn. The ineidence of wadi bed hard pen in
- the Wedi Cesm erea end in the sand ereas of the coastal
plain has been mentioned at grester length in part (a)
of this chapter. . .

(v) Spline soils and salt mersh areas (m Zhese ere
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~ sand soils ot ea%egosy (:l) these sells are azonal.

(vi11) Cultivated solls of the cosstal plain eve classified by
¥11limet as brown pedocalic zegusexs. Thelir gmx&l
charaeteristics zay be sumnarised ag follovs: they are

. $risdle and permesble; immature profile development &5

;! | ‘g@ezaz snd pH values are greater then 8.“*0) 1n fact,

© these solls inelude estegories 1, 2 and 3 but have been
nodified by cultivetion and, in scme areas, by prolonged
uﬁgaﬂm. Willinot suggests that *Althangh with
sound uﬂaaﬁm teehniques the avallsbility of plant

| nutzimts soon bmas ummg, in gmma, mmm is
 the cantrolling factor for cyop produetiont.1®
%W&mdm&ﬁmﬁwﬁ m.‘lsinfrimnw

y&wm far ay 2o visua) , £ |
types which mﬁwte t&e agﬂmwa landa cx m mgm
It will be of W& ue at cm Jmmm to !n'ing this genml ataten-_'
In the ﬁrst cRSe e shan demibe am dimss the cwwtais-
tics and properties of soils in the regian of the coastal mes;
in tho second mmmmaummmmqtmm at
B&Msumenemmammummm |

‘f!;e moat impertant piece of soils resesxch avaua&:.e :m
M:lmaﬂm i3 that prepared by the Amemeun develop % asmey
(United &am ﬁmsaas Hisdcm) in the ‘carly 195’8'3 as a we&n&e

1 of the Wadl Casn Heolamation end Sottlement
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Project. The survey at the site of the Wadt Gaam Settiement
was aanducteﬂ by George Gibbs, a sous smianst at%aeheﬂ ta
"B.S‘G«Mu and it 43 to hin '&hat I am 4ndebted for the soil
damumtm nap (Figure 22) and the diagramaue ﬁmﬁles
(Pigure 22), Wadi Csan Settlement 1s situsted in the detached
iittoral plain of ¥supatino some 141 kilometres esst of m:@‘on.
It 1s sited between the mouths of the Wadi Gau-Gau snd Wadi Caem
at the eastern mam:lty of the Sahel El-Ahamed (vide Fﬁ.guxe 23).

climaﬁaany, the region of the emzmm Jittoral 1103
in the coastal meritinme zone of the Fantold e:avsiﬁeat:an {Vide
Chap. I). &eeipatatinn for the years 293&#9 amagea 232.6
metres per ennum, with the eritical reins di ';j""__hnm fron
ammmn&mn. mghmatawawéamammaw k.3
'meextmtbymﬁmﬁywthasm, end gpart from the
eghweral Gb:lbu wvinds, the rélstive hw:mﬁ:y remuing high
throngboat the 3ear These elimptie mﬁiﬁm pertain slong
mhﬁmmim&hiwumainthew&dtha '
brown pedocslic regosol soils.

The Wadd Cesm Development area presented an aspect of
rough cemel serub with small fixed send sscumolstion scattered

nerall nnﬁulaﬁng tarrain, which was gim over to

graging snd occasional pateh cultivation of cepeal
preliminary step towards the estsblishment of the sgricultursl
estate, the eres was levell ds m the grmer part only
inscempletely, lmt in the laxﬁ adjacmt to the Wadl caam heavy

lovelling was negessery. In scattered &reas near to the wedi
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b .. The soils of the Wedi. Gaam Development aréa have a good
texture with the excoption of man poekets in the vegion of the
Wat Casm end Wadi Gau~@au. Most of the estste has soil textures
vhich are of the f£ine sandy loam and loamy fine sand eategories.
These textures may aemeetea to respond wery favourably to
good tand mansgement under weil I edapted crop production. The
d&sm'ibnﬂm Tap {Pigure 22) mues the lie of the differe
aeil tmnze amas Where lovelling has been heavy, Yarge
azeas of ¢lay have been semsed, Meh are geline in nature’ end
have. mam' of the chavracteristics of benhaniee. Maisﬁnre éntm
tlm clays slovly ana leaves or drains from it only ga‘amnw :
Thus the inherent salinity of these areas mm&ed immediste
problens of redlamation since controlled leashing of the salts
in the soil would not be possible; long tern problems erising
Ezomtlm sanneanﬂmermmlemweextaeelay soils srose
in vespect to drainsge of irrigetion water. In the extyema
mzhhammﬁonaitheastate, 1sanam\etlanﬁwhieh$.s |
underlain by what appears to be sﬁta Close Wﬁm shows
it to be loany fine sené with e high salt eontm (F:{gu:'e 22
Aves end Profile 7). The silty feeling 15 probably due %o the
saline elements msintaining @ high water content in the soil
and to the presence of a large orgonic content. - Tho organic

natter ammm to be preserved by the salts. Tovards the zegion
of the Wedl Gau<Gau, these are ‘several se:awm iayers of
ssnd, fine sand and sil% meh».have_bam deposited by the wadi
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in times of #ldes (Arsa 1 i the N.¥. of the emte). ‘Flooding
and silting of this eres has ean&mma since the anmmaeion
of tm agﬂcﬂlﬁmal ssttlemm and Ray: be expected ’éo mmga

Por 'sone tine s the Wedd Gan-Gan- meanders sexoss its flood
plasn. &ﬁewmwmumuamgmaema |

rortile soil, but mieh of 1t is eroded bed yock and sub-
soil fron the higher 1end of the Jebeline footehills, which 18
rather poor ard infertile imlesa snpplementeﬁ with hzge "
qnanﬁties of orgenie and chemical fertiliser.

B brer smﬁsmm&eattmmwwéetamns
present stage of evolution and the possible course of develop
ment in vegerd to deposildion and erosiocn in the sren. '!EM.S
¢ 'tion 4)lustrated tho nature of the infimence of the
Jouthful vadi systems ugen the scils of Misurstino, particuls
3n those aress west of Zliten 'Col', where the foot-hills e
at & distence of less than five kilometres £rom the coast.

In thesupper catchment basin of the Wedi Can-Gen, mcuet
tmmﬁndhashm sttippeﬂotvegmm,onthemehanﬂby
on the other hand, by resent &emueﬁon of the esparto ficlds
by indeseriuinste hmen sctivity. The presence of steep wadi
ba&aandtheébamﬁmwlanﬂ ssmibars&nthelum
réaahas of the river m&eate that -the wedl has eut down apﬁly
in the past few years, probably s:inee the deeline of the esxaaztn
fields. Flooding of the sad:l has esuged erosion of several

deep chsmels in the flood plain, end has also Tesulted in the

is
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bullding up of lazge alluvial fans et the point where the wadi
emerges on to the plain. These conddtions obviously ioply
that agrlciltural lands developed in the vicinity of the Wedi
Gan~Gau will suffer fzom the effects of tenporary flooding 4
deposition, snd that sny crops grown in the extrexe north wast‘ '
of" the- esta%e willl he d&stmed &t these times. (Purthep
examination of wadl regimes in Misurstino is givea in (6).

"© 3t may be expected that the supply of water to and the
pressure of vater 1n the phrestic watez table will deciine in
proportion ta the acvelersted rate of yunsoff i the erea.” |
Haintensnee of the presme of the phréatie water table in ﬁhe**
srea, together with @ more or less level orfentation of the |
tnderslydng hard pan leyer, has prevented petietsstion of sea
uater mto ‘the" m table up to the premﬁ ﬂay & re 10tie
4n zhe ﬂresme of the water table will enable pes l,‘*"""‘atieﬁ-'b:i’r‘
s6a ‘\mter and-bring e corresponding Fisk of salinity to the
8olls of the estate. The salt avea 4in the morthern mmm |
of the estate may be cikpocted to expand steadily unless sn
amniaad plan of d!ainaae end leaebing is provided for.
Bxperience of Avab fevmers using galp irrigstion in Misuvats
@anaanﬂin perts of Zliten Ossis indicates that sceumulating
saline elements in the soil ¢an yender large eress infertile for
agricultive. %o ‘seeure the futtre of the irrigaticn project
st Wadi Cpon Settlement, end aimiw:ty, to protect the established
areas of @sgis land, r.mamshment of the vegetaticn in the

upper catehuent of the wedi systems is necessery. Experts of
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cozEA’?) , %l Forestry Department?2) and 04bbs'®) have pointe
ot that the €686 of establishing mechenicsl mesns for ennmn«-
¢ wabers will probebly equal the cost of systematie re- -
esteblishnent of the vegekation in the wadi catchment speas in
the foot=hills. Furthepmore, without the ro-establishment of
vagetation on the watershefds, destractive forces of erosion and
pmat:?auon of the water $sble by sea water mey be expected
cohtinue indefinitely.  Besestablistment of the metatian 1&
peinage area would be o means of reducing the menace &:ﬁ
cod $6 the irrigated ‘aress of lMisuratino, snd in the ¢ase uf
he Wadt Gau-Can to the Wadl Caam Settlementy in additicn, it
would grove of ulue in itaolf since aftoream:lon conld be m&e o
0 DA »m within & foreseesble future (Vide Iand Use,
sidagno - stully of forestry developuent).
( _":;ti:;.,;f. % tine the.scils of the Wadi Camn Settlcment
séussed in terms of thelr character in Telstion to
18" 6: ;-f : ;7','m1m1 use. Reference to their chanical :

3 §y Brm ﬁgﬁ. -

tttnas,. (10 |
Gibbs* Mep of the solls ot the Wedi Caam Settlement erea
1o vepFotuced ss Figure 22 - where the distribution of soil
‘texture asess is delinested. 9 ey varisticns in texture
ere appavent within esch of the capegeries suggested in an*e_
R2, since levelling has affected maaraasarthetma&n,

" and obvicusly the origin of the soil usexx ia




smportant. - Past utilisetion of the land for intensive greming
and psteh cultivation may also be accepted as a possible causo
of miations in soll texture. ' Variatiens resuiting from
levell xtensive and do not affect the
‘ Baﬂple” nstare of the seils at the estate Sor more general
| re:areme to hidsuratino. Yost of the soils within the Wedi
H ovalopnent aren have been transported by wind of wntey
mm. or both, end this process is still setiwe. At
£requent inkervals over the area there sre stratified layers
at mtme ana mmm which eppear o hold ne pelatioch to -
'oln soils. - They have the charaster of engll msas
of aﬂ% grawl., clay anﬁ ﬁnﬁ mﬂa their éim‘ﬂmﬁoa is not
extansive and the:lr inmenee shows no apparent unifomﬁ:ey et _
depth o tbickess. Towards the iadi Gauesu, strafificetion -
193:0?69_; minent wadepthofameanﬁa half. In the
vegion of the Gau-Gau, there ‘45 & certain homogeneity in the
msas, which cbvidtes the mecessity of delinesting stratified
ereas. Past utiligation of the ares is 1mmwea by the
ineidence of straight 3ines txaversing the area. it is likely
that sometime previously, the peopies utﬂi&ng the area bave
m& mﬂs, or perhaps rosdvays with ¢lay, end es the struems

ware negxaage& they feil into daaey and now infinence smali
aress of sowe delinested textuves. '

Im wﬂer to supplement the dats contained in Pigr
shan éxamine esch of the aweas tle

egrieulgurel developuments

ng are not usus

gure 22, ve
ited in relation to




. ‘This textural category represents the grestest portion af :
the Wadi Caem Development ares. The soil texture is loamy
fine send throughout. Both surfsce snd internsl drsinage is
good and offers no problems for irrigelted sgrisulturs. Exper-
lence st the Wadl Casm Settlement has shown thet solls of this
kind mzarove with good land menggement and particularly with
18 ‘ This practice improves the
moisture holding eepaecity of the soil es well as the structuze
and t1ith, Within the treaditionsl lands of the ossis, heavy
frrigation of these solls temds to be combined with & disregard
of manuring, hence they become leached and infertile as plant
nutrients are flushed to lswer horizons.

The moisture holding quslity of this type of sofl is gootl,
&s theé underlying silt regtriété the normal excessively f;rae"
aratnsge which charscterises the loeny fine sands. Both within
the confines of the Wadi Cean Settlement and the ossis lands,
this category of soil occurs over smell aress, althsugh the
ineidence of it is high throughout the Sshel El-Ahsmed, |
parﬁwlam in proximity to the waedl beds which traverse the

ﬁgaﬁn, ws type of so:u texture is present in w:at:ivafw
smn qpantities Rzperience on the aatate hss shown that it
13 an ares which is excepticnally well adspted to the produetien



£ shallow rooted vegetables. ) %é' mpisture holding éayae’ity
of tnetop-»saﬁisgomm ‘has been improved further on Wadi

| C‘aam Settlenent by the use ef haavy appucaeiens of organmc

?he ﬁepth of the fine gendy m or lcam varies ennsidf“jj 1y
over ﬁhe areag - dn ~,‘?‘?-¢ ‘ogsis gren fthis 2011 texture category

:-geaerans precandas spemnseﬂ 1and uﬁuseﬁson wmm was

3 :Wasible in aa'cegary €3)- ?he adventage of this type of soil

L4

© over Mghter textured soils is thst the heavier tezture ¥educes
L ‘loszes of water duping reticnlation, and pwmiea ehger 1ines
of w’aﬁeﬁ' distribuﬁcm. -

Cetegory (5) 1s reprasented vithin the boundary of the
estate by two smell areas (Vide: Pigore 22); in the oases, and
particularly in the Szhel BlsAhsmed, there sre lsrge, but dis-
continuous regions which have p goil mvering of tt:is texture.

.- The moigture holding capaeity of the soil .‘mereases aith depth

‘and 4% is meﬁent!y suited to {-.he producmon of deea rootad
‘erops.  The fomediste topes011 48 heavily léeched, hence large

- -quantities of organle matter sre pecessary under s system of
. 4intensive cropping. In the os;_ses, only few farmers practice
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~ ereen manore Eechniques, hence meny of the susbsistence farm

operators face steadily declining returns. The future ef those
areas which are extmaiveiy covered with this éa"tegofy of tepb
801l should be promising, s‘lnce operstors on the Wadi Caen |
seetlement have produced consistently good cropping results by
eareful land management and control of irrigation. |
6) Ei g J '

- This soil texture is essentislly eonfined to those aress
vhere & wadil f£inds access to the sea, and where dune formations
ave near at hand. The depth of the fine sandy loau depends
upon the proximity of and the incidence of dunes, which are not
amerine dunes proper but amell sand sccumulations in cemel perud

. gteppe~lsnd.  Under normel economic eornditions which perdain

4in the vases, lands of this type are not utilised for c!oppingg
st best they may be plented with seattered date paims; usaail

they are left as vough grazing sreas. Gibbs suggested that
 several years of green ngmure c.i‘ops would render categopy (6)
svaileble for inclusion within the agrieultural framevork ef

the estate. It is nov apparent that the influence of the sea
vindg, penstration of sea water into the phreatic water table
eand the saline nature of the 8oil makes the avea unfit for field
eropping. ¢5) |

%hemzfmwﬁo:mearea m«wmmeuas
influenced by floods from the Wadi Gpu-Gau. A&t pregent it



appesrs that the eceurmlation of silt will continue with the
rosult that the underlying saline isyers will de eovered to'6
| considerable depth. Outside the Wadd Gaam Developuent arca
‘mwammmnwmnmmzsmmmewmgm

' @hosa fegions where inteml drainage prevails, cspecially in
ziitm and ﬂmurata Oases. In ell aveas scils of this texture
aﬁe aanaeia@ed with a wvatep table vhich is made saliue by
'steaﬁy mﬁzmm of ses water.

N “memmmmawmmmpmwahxmh
ture at the Wedi Cosm Settlement, end the futurs of sres (7) .
. penains in the balance. Under ossis aguw&me, aress mmh
&8 tbia are utiuseﬂ for rough mm, or oeeasianal seaeearad
'af‘ai;f‘

8@&1& of th.‘m temze eevew'anly 8 ani"a:u sves of the Wedi
%a!a pstaf:é. %e px*aﬁze 2epresented .m Pﬁgm 22 awnes t» |
extenisive areas of the periphersl steppe in Misurstino,
especialiy to interflaves and mner wadi berks in the southern
margias of the ecastal plain, The warlymg cover of me )
sandy Joam and sut mies greatla éepeﬁing upon the effeats

. of aros:mn ané thﬂflmdm afanyma mtm imed:.a%e _
| vieinity of the srea. Thus, dn tho interfluve sres of the
Wm~ﬂan,§hecw@exfm3mhammbaastmnas ,
| aﬁmMEmsanahermo: Hadﬁ.mmdepzhotm

| ﬂeiai demazts mas be as great as 100 mumea and me




Ender sedenﬁary mppinsg soﬁls of ems texeﬂre are anited
to shanw ruoeaa emps. Irr&gatim weter tends to pm-mp
on top of ‘the sandstbna subwmek causiﬁg rapid a&eumnhtion ot
eait in the ﬂaii, espeeiany where dain 1rrigation is practiced

6linity on the soil is sceentusted in  those reglons m |
im;ernal draﬁnage 48 nresent. SR

“93 . *} oyn sand, small dpdfts of Josmy fine sand spd Yosme. vesy
. = ¥ B ~¥ & MR A e sl WrEl AP g 1 A

ma categmy of soil texture is t,ypiesl uf arene m eioae

- mﬂm&ty to the lower murses of mdi wmm tind eu%lat to

the see, end similar profiles are o be seen 4n the zom tmhes
of ehe Hamunamlub&a %eblcmm&elemm:lsame
qual tity. .t'rom aresto &res, bue in most cases it is of wm@im
d@th ﬁe make cmoppﬁng a hamdans buﬁness. Bn the ﬂa&i Gean

svogaland, & uge tn which 1& appears mg&mis well aﬂaptad.
?artmm problms of tztinsatﬁ.cn of theaa aveas arises ﬁhrnngh
“the preme of stratified siit which eguses mw of irri-
: _gatian yeter and a eenaaqnmt aﬁenmlauon of sait eontmt in
the suil. Gmpping mﬁﬁtﬂe& .on soils of this tme at
ﬁaﬁi Qaam smmm hava bean msuccem:t, and 11: is mw

~ that tmmwmnlmteumwmnamtm |
esop;:&ng to tne woodlend mtex ef the estate. o
(lﬁ) Fine.sandy loar and Jgare £ine gand pyer sandafone.




s
type of soil texture snd pepresents ﬁhbse basins karginal to
the flood areas of wadis which sre slso sffected by dune encromch-
ment. Uﬁer Enﬁigmus occupation these eveas are z-eaerved for
groging: ob the Wadd Ceam Bettlemmt mueh of the Yand has been

given over to encalyptus plantatiens

The profile of this soil te& category gives a grealter
impression of homogencity thsn is found on the ground. In
practice, there sre aveas of silt loam and clay underlying the
superficial cover of loshy fine sand. It is interesting to
note that this me of w&i teaxture is videly yoported by
fermers on the Ita)isn Demographic Settlemant of Dafnis. Here
it has preved to be exselléntly ada)
At both Dafnig end Wadi Casm Setile
proved difficult and unprofitabla.

It will be ppparent from this discusgion of soil textures
vithin the boundaries of the Wadi Cagm Bottlement, that even in
the coastal plain, Shere are many problems srising from the
nature of svil asressj their dopth, extent and bed-rock.
shoun that much of the land ean be put to agricultural use with

' t (Figure &), but that centrolled land
mmasemm 45 easm and diffienlt @ mplmt in sn ares which
demipﬁm of asueulmal veli pmm

nts £ield cropping has




in yelation to the soils of the cosstel plain, it will be of
m“ewwﬂﬁm@m&aammaw ol3s apos

* Bather than wﬁﬁm&e the mgs of the
Soil mx o8 1960, v oha imt |

of st@pealena areas, and in parsicular ¢
of lisurata.



Figore 2 shows ‘the mszmen of tho settlement
awaatea south of ki urata B » y

£a12 reptaty simy fron m coast.
o 15 1057 tiotees

'ai anall mobile ﬂnnes. gpecially - e northaves
S ?ha j ”“us :.,_“.;,~ m o L

&Mce. andortmmatememtm
uaWWWammswm&Mx.

the salt content of scils in the oped '_j"j‘;fmﬁ Por colonisstion
diftered only slightly fram those soils of the coastsl plais,



tYement | Exwm, that the preaende of a moderste to high s
mﬁmﬁ in the seils of the arés would have been ew §lightly
mpo t m it nob bm ter sna M that the water 130b]
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| mmmep.cxe. | :
Byﬁ!ﬂsmmemmwmw&lmamyg&m&’mms
cultivated mﬂerheawmigatﬁemaamme yoar. 411 other -
mpp.tng on ehe mm was to be echieved by winter Mﬁwﬁm

:a will be swm um- in the thests tcmm 5, Iﬁnﬂ “Ms

'ﬁabie, and that sumier
eropping & 1 fs such as groundnngs end teﬂder crops
can. be made to gAve ‘sound returns. Thts divergencs betusen the
aﬁmﬁ@&a@%a@wﬁaﬁmeﬁhﬁmmﬁmﬂe
mxm demygra) want results dn

After several years
| BEEY ls mlbittng gn incresse in salt
am in those aress of the estates vhere low raine
m: and a vm dmxamd bord yan ape present, and &n gress to
the east sijscent to the febkha of Teorza. |

| m present dilemms is clear: winter cropping slone is




.

estate, espotlally im view of the high costs of frrigetion water
end $he need to amortise the fern end its stock. On the other
hend, summer eropping i& profitable but brings a corpespundi
visk of incressing salinity &n the soil. (Further consideration
of the tecimiques end pessibilities of development in saline
areas’l® ) | |
Problens ariging $rom the nature of the soils in both the
gteppe end the ¢oastal plain represent only part of the general
dilemma to be Laced by agricultursl development in mmﬂm.
Nonetheless, in associstion with other elememts, - inelu
the ﬂaamres of goology and irrigation &Mg of eyosion and

m tias been suggested by the Durham University Soil aums

Taore: ﬁﬁghm, that & Purther element of grest signiffcanc
depth of soils.®3) In tmose aress

%o the m of ‘Bmm, undorlain by a wellsdeveloped
slerete hard pan or covered with hummock send eccwmiletions
he eoil dspth 18 genvrally less than 70 centimetres and thus
unguiteble for cultivation. The authors of the Survey came to -
the conelusion Shat there were fev ones wheve favourable
textup) suscession of steppe solds oecurred over extensive avess
with depths greater then 80 centimetres.33)  Problems
assopisted with salinig and aiknmity of soils are presept in
the sreas fayourable o devélopment, and land mansgement would




gengin es o teehnical end human
‘agmmtu:-al mlamamn.

In Semans 11 and m eﬁ' this thosls, it will be snggaated
ﬁhaa the avausbiuty end exploitation of water pescurces is
the maimz factor behdnd the trends in economic de pﬁem in
msnmam, Under treditionel social life in the wm,
eppraisal of 1and end water resources ves digtated by eult 7‘;‘:‘]"%‘5
'aﬂmmt towsrds nomedien snd economic bies tovards livesteck
mm In this traditionsl climete of Arad life, water supph
'msmtmtmhmmswmmnwweﬂemaaatm

vas “La geagons of tmym 'lii_ s, mly wenanere woa‘

nt %teaa ftawzty and mam which was to be \ﬂ:ﬂisaﬁ
hter, astneésnme&reese:mmwmcmn
esoated mmremmrb tamda 2ittorel, aaaantazy agricalture. In
'm meaeeﬂsag paragrephs we shalil discuss the relevant elnemts
&Wmmnmdmammarmmmwmmmw.
om wxu be appmm fron mua' aasenmaan of eitsats in
Nﬂwatam fcmm 1)y that reinfel ' ,
ia snz’ttcient to provide enly a mar basis for asrienltnre, &my
'ﬂmm the coast, mﬁnfau declines mﬁﬁm and incpeages in
varsiabil -%y. in foct; 1t wus gnggested in the Citmatic mﬁen,
ﬁ:at za&ufm eonditions in the steppe are to be measured Iargm
in terms of greater or lesser degiees of aridity.
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. The ewount of rainfall in Misuratine permits cultivatiom
of seversl resistant "ﬁaﬁaﬁes of careals and tree crops aleng
‘the. cnast, and 2 éispexseﬂ form of shifﬁng agricultare in the

‘tepps. . Theso cultivathons are msde unreliable and
unpmﬁtabla 89 & rosult of the:.extreme variability of rhinfall
which affects both steppe and: I&m alike. As a preface to
this exsmination of the balance of water supply in the azea, 1%
sheuld . be noted that cultivation of the most simple na :

Misuretine, Preaipitat&on slone offers no sound foundstion £or
sgricultural expension i * herding, field eultivetion
or grboriculture. For as long as eccnckic activity was reiiant
uptn the viecissitudes of amual rainfaﬂ. p:m‘éi’t& so¢is) and
eqonomic systems persisted. The protyscted period of traditiensl
eccupenee in Tyipoltitanis mey be aeaanxﬁmd hrgely to the xatm-
ing influences of the rednfell mgzms. e
 Later in thls chepter, ve shell ex 1yse the forces of growth
which byought indigenous society to a pesition vhere the eridity
of the environment could be overcome by teehfilcal improvements
in exploitation of water regourées. Hore immediately, we shall
exnmine the problens macﬁ.n.g the balance of water supply in
the aren tnder selected heads. |
aporation of surface wetér in the arid envirenment
presentad by kisupetine yuns at & high level. Oasis areas apm.
the vegetation eover in the peripherel steppe sones and the
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dunpge lands of the littoral is exees

; in the ares are m@my succeeded by clesr ekies
es. Eurthemm, ‘the barren surfage of the

Ve 27, ‘"?"‘fm open W gurfaces in
, _ ﬁ“‘“amattarerbamhem,memmy
2avge area of permenent sirface water is the spring-fed sweet
water ham a# the. mouth of wmn Caamy nohetheless, evaporation
fron suall irrigation attam. canals and reticulation net-work

‘Nﬂfﬂsﬁﬂﬁaw 4n Migonratd ‘j’ gw mﬂ mﬁ with an ennuel :
e¥eporation loss of 23:&990 cuble Was from open Yesarv




ik T

vhase total espacity was 75,000,000 cuble metres per ammum,
Data tsken from a similar area in Tunisia illustrates this same
problem; the reservolr on the Wadi Kebir to the south-west of
Tunis is estimated to have lost some 39,000,000 cubic metyes of
vater through evaporation in twenty years, where the amnual .
amy:ng capaeity is 12,500,@03 cubie metres. (m’ , L
The .t‘ox*ces of evaporatlon are grester in the steppe replions
t:han in the 1ittoral gones of Msursting. This is ¢lesrly
i3lustrated by consideration of the steppe territory south of
ﬂummina, in that region whore the east flowing wedi sysﬁems of
‘the Ghibla flow into the Sebkha of Taorga end its southern
extensions. In the Jebel catchment area of these small mi-
systems snnual pregipitation is of the order of 300 millimetpes,
which corresponds to e fall of 10 litres per second for esch
cijometre square, o 100 cubic metres per gecond for the 0,000
k&hmet:es ‘aquare ares of the catehment. The £low &F the Wadi
Mmun Dgrregh at the point vhere it :_ enteta‘;ﬁhé Bebkha 49 about -
50 1itres per second, and the flow of the Wadi Geffegin end its
many tributeries some 550 litres per second. This gives &
noninal total £low of some 600 litres per secend in a year of
average reinfall. The £low from the sprivg at Taorge oasis is
_stin unimown with precise certainty, but Italisn engineers =
aatwateﬁ that its flow averaged 200 litres per second, Q3 By
dreet calonlation 4t 1s sppavent that watsr is sbsorbed in the
following menner:~ wedi flow in the ares of percolstion at a
coefficient of 0.6%; spring fiev from the ertesien water tsble
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0.2%; which leaves a loss of some 99.2% in the form of
evaporation.

We may distingulsh four different stages at which losses
to evaporation are important :

(a) Evaporation of run-off.

(b) Evapo-transpirstion from vegetation.

(¢) Evaporation from water table.

(d) Evaporation from irrigation net works at the
Experimental Farm and Taorga Oasis.

Head (a) is the most difficult quantity to ascertain but
is certainly the most important element in the situation.
Point (b) may be deduced with a large measure of accuracy by
taking into account the areas of land occupied by specific
crops and calculating the mean transpiration rate for the area;
glternatively, account may be taken of the fact that under ~
analagous conditions the formation of one kilogramme of dry
vegetable material amounts to an average transpiration of 300

(17) The amount of evaporation taking place

litres of water.
in the gebkha areas of Taorga and Hescia must vary each year
according to the in-flow of waters from the spring; Nonetheless,
we may apply a generalised evaporation loss of 1,000 litres per
second to the area on the basis of work done in the gebkha zones
of Tunisia bj Schoeller.(ls) Evaporation in the steppe lands

of the drainage basin is slower, but the extent of its importance
may be gamged by the occurrence of vast areas of calcrete.

Using the concept of Total Evaporation (E« P+ Q + R~ Ri - Qi
(oVS oVp oEg)) vhere:P is the volume of preeipitation; P and Q

are respectively the volumes of water reaching the region via
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the ground water and run~off; Bl snd Qi are the amounts of water
lost from the ‘reglon in the sewe two forms. In the csse of the
a_gm the variztions in the volime of water in the water table
{u@), the volume of soil moisture (oVy) end the waristion of
vhter in streems (eEc} vere either non-gppliceble to the internal
drainage sys*eem or were not knom.) i appears that evaporatien |
runs at appmximately 200 litres per second in theae steppe
areas. The amount of water lost by eultivation is minute in
the gebk}
end on the small experimental farm close to the spring er Taorgs.
To summayise these suggestions ¢oncerning the logses of
water by evaporation im the éteppe end gebkha areas we offer the
following *belance sheet® of water supply in the Soffegin lagln
end the sdjecent lsnds of the Sebkha Taorge and Hescles~

‘arees; cultivation fakes place in the Oasis of Tacrge

Plow at Taorge spring 0.2 13/s
Byaporstion frem the sebkha 1.2 pie
Coeffieiant of infiltration trte % ods

' table 1dH £

Coefficient of pun-off for 195655 0.6 %

A———

2.0 % -

-~ 953

m'w, MFAI-L 19%

xt mast be Mﬂsﬂ that this is rot a precise ast&mate

of the situatmn. gince much of the evidenee is teken from
carmspenmng areas of mbya axxa ms.sxa, nevmthelass, in s



sheet gerves to | give o m;;xession of the scale eof evapora'cien
in 4%= various forus in and around the steppe regions. This
intense scale of water logs poses several Aifficult problems
in respect %o future development in the steppe which we shall
diseuss later; in the present context 1t should be noted thet
direct ';fepl;enis!anent of the artesisn aquifers underlying the
Eimata gone must be é slow process hut that '”ééz_aservatian
ifquos applied o the upper catchment eould play 2 large
part in reﬂucing presem 1osses.

In ‘terms of agrienltural development, the Surﬂace m‘be&r
 supplies in Misuretino are compsTatively insignificant. This
" situstion erises pertly through the fact that the wadi systems
contain weters only intermittently during periods of hesvy winter
rainfall and that the pwe#ailencé of nomedic end seémi-nongdic
occupance since the Hilalisn invasior has preciuded meechentcs}
exploitation of the ephemepal surface waters. Three major groups
of wadi systems msy be digtinguished in Misurstino.

{s) The Casn-Tarreglat aysrfmn heving its major souice in the
Jebel farhuna and Hsellata but reaching the see via the
‘Horthern littoral.

(b) The Sofi'egm, Mimue Darragh ané ¢lher systems of the

vegion and f. oy eﬁi’e’ mhﬁ'mggeﬁ Eehgc- *‘a.~ -

ﬁa) The short wadi systems of the JebeTiine foot-hill i‘;’mﬁ,
which traverse the plain of the nerthern utﬁnral

5 are 1llustrated

The catchment basins associsted with %these ”
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& Saveral interesmg eheeries coneertiing changes
in the sm‘i’aee ‘hydrology have been aavamed by Besiotl9),
Brenony2%) and Vita-Fingi¢6); st will not be relevant in this
context to éxaiiine the merits of these various hypotheses,
rather we shall snslyse the mesent positien of the wedi sypotens
vith respéct to their importance in the scheme of econornie growth.
 As we shall show later (Chapters 3 & &), trends in ecomomic
in Misupatine have brought in their train 3 nmovement o
aeﬁentazisation by the gabils in the sress of the oases. %Thus
1t will be épporent that tho wadi systeus which will be important
in egriculturel development will be those which traverse the
northern littoral plein or the lower basins of the littorsl steppe.
The wadd systen with the largest catchment, both in terms of area
snd ‘yolune of presipitation, is that of the Gasm-Tarreglat,
which reaches the coast between Zliten sud Sshel Osses. During
the periud of the Reman oeena»ationg the lasin of the ¥adi Cpanm-
‘fmeg:lat was peclaimed over iazge areas by qsmuc water
| dims:&on and weter atn:age in dams and ezateams. Poasibly Rowan
 sctivity in the area of tho wadi has been oversestimated, sinee
evidence of 16c¢al works is sbundsnt, but there is little to
| suwt f:hat any larae or mtegrated eatate waa operating in the
~ aves. Modern dewa;opmentonthemés lald ot by the Bonens
has been emlmsd on' several oceas!ens in the naa@ £18ty years.
xn tm ' i)

diverston Y . mmsn efrms were cut smn by the amlval
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of the Jtalians. Italisn ecolonis)l schemes for exploiting the
adt '_~ wrpeglat were dev!.aed in 1939M !“ho plan uas bamé -
upen the mstme&&on of a lerge bazrage at Sid1 Eram, wmch
mld be gble %o supply B,mm,we mms of agrisultural
lanﬁ“in tba &ak Ri»Gicna erea of Bliten ﬂaﬁs. with water mvly
@.26). ‘These early es&mtea were founded on ehe
the ‘& maoa watera of the Tarreglat and ata '
aries ;mm mvme some 3,2‘10;0@0 ns/3/he. which miﬁ
o over 8 23 hour periml It was ttmught after a

: -mt, simeraekm&dbestmck

The tot L prodiems tmﬂmg a msm of eMs nature are
m mwnntabie; 4n bsth Tunisia énd Algeria, smeller end
more menwelv shsped wadi basins heve been sueccessfully
dsmmed 4n regions with tdenticsl charscteristics of climste.(23)

2 19 I,‘bwraeingasuhme(QfGMsMndzsme

0 1arge and varied elluviun deposits below the
juperficial ‘aand ime Figure 27). &3though solutions csn be
:mmd to most of the engineering problems invelved in the
construction of & dan ssross the wadi, it has been determined
| by reeent suryey that the costs of the construction would be
pronabitive.7?  Purthemmre, observation of the flow of the
Wad! Cuanm m&iea%s thst the erratic nature end the lov woluse
of xm 86 aericus dool ; 1
Eained over a md of yoars. ‘Usdng the exporience




MO|JJBAQ =

MR
§
AAA

Oem.

AT

Figure

wvalnsi o
A§ o
Sy
3
[ 8 -
Ol|l o
.m c
z||S
AVNVD NIVW
VYV4I3L NI ONIQVIHdS
H31VM 40 W3 LSAS

29

<< AKdpnuop 'Yy L=>><< Aupbnubp Yy 9 > <& Auonuop yig >
L [l Iy J

Figure

g]
- 02
m
vov 0
gS/Ww 00+'9l9'V

awnjopA  pooj4 L 09 T
gs/w 000'9€ = [] m
: -
F 08 5
L19G 61 SUoIIDALISqO m
'VHLOD wouj p3ogQ | 00l »
LS6l AHVANVF Y3 L 4YiI ¥ SNOILIANOD qaoo13 :

ONIYNA 1V1I93HY¥VL 1AVM dJ4O0 3IOMVHOSIA

28




83

gleuned on the Itallan demographic farms, it may be suggested
that the Suk El-Giuma development svea which would be served
by i:he- Casm barrsgo would need & supply of 148,106,060 cubte
nmetres of water in the course of a year. Do 8llow fur lbssas
to evaporation and reservoiz and eanal secpage sn extra =
27,106,000 cubic metres would have to be sdded to this initfs)
‘totel. Observetions in 1956/7 and 1957/8 indivste clearly =
| that; in nomal ccnditions, the discharge &f the Caag=Taryeglst
wonld net bé“ sufficlent to mpp;w this total. Zhe flow maame- |
ments by COTHA show thst the ennusl £low of 20,106,600 c\me :
wekres is to be counted on as ew ‘|average. ) T

The following datm 1llustrates the characteristics of wedi -
fiow in Misurstino, and in particular indicates the probiems to
be faced fm any attempt %o narnasa flood waters. Im the et
Saasaa of 199%15"5 a f£iow or 9,5@,666 cuble metres was reeea'deﬂ,
distributed over eight floods. The largest of the £loods did’
not last for more than 3@ bours end the raximur dischargeé was’

1604000 cubic metres (Vide Pigure 28). In the following yw,
when rainfall in the ceSthment of the M @asm-ﬂarmglat LR
spproximeted closely to the gnnusl sverage for the' aa-en, tue
: wﬂmlogicai readings werae: { . A IR
- Tgtad flow 3545004000 cubic metres
| !ﬁggiam discharge ’310'000 |
est £lood ' g days
Number of fleods

These resuits sre scareely enwuraging for the attempts ﬁo m.x 5
even a emall dam o
1f wo use statistics estahusm& for wa&a syst:ems in oeher
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countries vith similar climatie conditions to those which
prevell in Hisnraeino, we seerthat the annual flow ¢cogfficlent ~

is generally 1ess than 0.1 for the Caam Tarreglat. Fror the
two survays af 195h/§ and 1955/6 the coeffieient aépeara as
0.042 £rom the one, and O.47 from the other, where the £irst is
for s rainfsll year slightly less than average (volume of rain
| caleulated ot 328 000 000 cubic meﬁres) and the secend for a
2  year appzen&nating to the average (vcl&ma of rein eazenlate&
at 228,900 eee cubic megres) . The figures presented by a.a.s.n.a
tepresent enxy twn years ebservations; nevartheless, it may be
" pointed out, thst oven vhem the cosfficients are: ‘doubled, the
vcﬁume fbnnd would be less thaﬁ ‘hslf of the stexage capscity
of the reservoir.(7) ‘

4 fursher problem of paramount imporeance in eensideratlan
of water storage in Misuratino is the rate of sedimentation im
raseryoir aveas. In the region cf the eaam-?arreglat, gefinen~
tatﬂon appears to be very heavy, as 1is evidenced hg.ﬁhe zarsa
amounts of gravels and alluviun $hat can be seen on the bdanks
- of the'wadiISGmeﬁimas'to @ helght of ten to tuelve ﬁaﬁres. In
© the vieinity of the~olu Roman dams, and particularly ﬂp-stzeam
of %he Bnman barrage, the terrace razmaticns appreximata to the
erest level of the dams (Vide Figure 25) Thus, it mighz be
said that ‘the dam was destroyeﬁ uhen the atorage baS&ﬁ had been
filled and an exceptional flood overntopped the structure et the
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right wing. %his is hypothetical, but is very likely in wview
ufthsﬁnﬂingmadobyﬂta-mmtheﬁamammmss&
end seyves to demonstrate thst the up-stream watep level rises
rapidly vwhen confrented by an obstecle. C.0.F.H.A. suggest that
the Reman dam was in use for some 350 years, and on the basis
of this, estimate that the yate of sedimentation was spproxi-
mately 4.5 centinetres per enmum.?’  Thus the capacity of the
sterage dom on the Wadi CeameTarreglat at the site indicated
{Figure 26) wounld be reduced by 500,000 cubic metres per apnum,
end the reservoir would be completely filled in after 150 years
of opergtion.

¥Ye may sumnarise this discusgion as follows:

(1) The bydml.eg:m B oﬂma we hsve outlined, doth indivi-
1 7_ srratic and low %em of wedl

?he isek at pronise shown by the suyveys or the bmage
schemes on the Wadi Caem end the Wedi Megemnine {(which resches
the ¢oast st Tripoll) has made censideration of more practicable
and esonomic methods of utiliaing flood waters in Pripolitanis
‘come to the fere in yecent yeors. Prime amongst the techniques
which have risen to importence is that of diversion of wedi
floeds and water spreading over tho wadl basins. Although these
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works suffer from those problems of ewsporstion, seepege and
deposition which wo noted with respect to barrage constructie
thely initial cost and day~to-dsy maintensnee is ampll. 4s
yet weter spreading has not been intreduced to the wadi gystenms
of Misuretino, but 1t is likely thst when engineering and
agyienltural experiments have been eoncluded in the Jefara region
of Tripolitania, the tecimique will be adapted in Misurating.
Great muceess has boan recorded by the Fremch euthorities oo the
Wal 1'Z4 4n the Leghoust region of Algeris.(22)

The bssic principle of water spreading is thet the main
bedy of £lood water is topped and distributed over a large ares

surrounding lends yather than left to run to the sea.

Contrel is achicved by mesns of a major diversion bargage across
the main strean of the wadi which lesds all flcod waters into a
eenal running more or less transversely aceording to the lle of
the land. Tmmiszdmhmmw
cansie and thence distriduted over the land. Preld
establishment of the cansls and thelr ancillory mtwﬁs, the
land which is to be developed iz cleared of 6l) superficial
sands gnd dunes. The details illustrated in Figure 29 indleate
the seeondayy eanels in e position to lesd the flcod dischayge
from the mein censls to tho head of esch sone geheduled for
sgricultursl development. The flow in the gocondayy canals is
rotained at the first demg Msdwzsdeamtaaamhte
the £low end divide it uniformly at the hezd of t:hedwéiomt
gone. 85 shown on FPigure 29, the dam is equipped with reguler
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verflovs throughout its length; esch overflow lesds tos
suall eoncrete basin st the foot of the dsn which precliudes the
development of ravines edross 'tﬁbﬁévégucﬁltmi 1ané. The outs:
put of water through the overflovs in the f£irst dem will flow
from dex to dam down the systemg esch dam 1s equipped with
over-flows at some 0 metre: intervals emch set being stagsered
to assure an even distribotion of flood waters. BEasch dam is
get st ane metre contour Mewals £rom the forner damj the
nunber of auxilliary dams depends largely upon the quantities
of f1ood water svailable and the ares of lend which can be.
developed for egrienlture.

The system of water spresding in Tripelitunis has not been
peweehed at the present date and mimo vith the m
Megemine msm has dmm'kea elm!s that the repid rata |

+0ff in the Jebel regions will have to be chocked by
vation of the wstershed sress before great admces cen
be made. %awmasm@mmmmmwum
in this chspter; im this context it is pertinent to note that,
given a degree of re~afforestation in the Jebel apd lsellsts
footehills, large aress of the peripheral steppe of Misuratine
could be byought into sgriculturel use. . This spplies partiens
1arly to those areas boxdering the short wadi systems (c) which
traverse the northern littorsl pleins the Hgsmum, Lebid, ledba,
Gau=Gau and other smeller wadis west of Zliten (Vide Figure 29).
- I8 i3 relevent to mention hevrey that we have been

examining problems of hydrology end hydrological enginecring
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in relation to possible areas of devélopment. Sueh discuss:

has tended to monopolise the councils of the Nazara of AgPieul-
ture and the overseas develophent egencies which are wosking in
?ripontan&a It should de recorded st this juncture, as &
preface to later ensiysis of economic¢ development in mmaum,
that the volte of possible development areas must be agsessed
only in relation to the present state of kidysn agriculture,
espaeially 1ts rote and direction of growth. Ve shall show in

e lster seetion of tils thesis, that trends in Mgénana land
use, which themselves result from the natiure of egenomic growth,
ave from geographiesl location in the steppe to location in the -
oasis lends. {(Sest. IiI, Chapter 5). In this climate of change
1t would de fruitless for Government policy to be uwmm |
counter to the geneya) trend of indigenous movement. The

factors vhich must de tsken into sceount in appraisal of develop-
ment, in this case control end utilisation of surface 'wée’afrs,

sre studied in grester detsil in Beetion m, cmms and 6

of this thesig. -
&5 & £in8) observaticn upon this of surfece
waters in lisuretine, it mey be sald that the wedl systems under
hsads (e) and (e) €p. 80) do ‘offer seope for future development
ob the lines suggested. Those wadls of head (b) situated in

the inner steppe lands will remsin cutside the range of |
agricultural development for many years as £ar es may be foreseen.

We have seen that the Romsn settlers end indigeneus farmers



whe v.mkea the 1ands of Misuratine during the £l urishing peried
eﬁ%eﬂalrﬂe,mdeusawmmtammwerthem o
aystm m& traveraed the araa ' Utilisation of supface waters
for amenlmam pacially e feature of the Jebeline foote
wsmmwmammn,mummmmm
that utilisation of land was most intense during the Roman eva.
ﬁaw f£low in the beds of the wadis was tapped by diversion gnd
barrage mka, a5 vo have derenstrated in the cese of the Casm-
?meglat systen. On the upper slopes of the wadig, in the
kerst basins and the lower watershed zones, the Romans employed
cistem eaﬁammt and mrage for both ammmax and domaﬁie
pn:\'m)sea.v |
" Construction of cisterns tends to be laborious work, singe
mmmw« bave to be ¢ifselled out plece by piece by
mantal mns. &sman dm in the Miguratino ares tend to be
*sea m atyle. svereging some 2207360 aquaramus in
_eayaaty; the range of sizes varies fm 96 sguare metres to
usamwemmmmmmmorMmm (Vido
nppméxx I). Each eistern is eut out from the rock alnpes, or
ummsmmmmmmwmwmwmax
'the appew slopes. In avess of alluvium or soils, the cavities
are nnadvltkmﬂpaneﬁmmy bloeks, leaving only a small
door or mole for ateess at the tep of the structnre. Cisterns
are fed by direat run«off from the intorfluve slopes, whuh is
trapped by small drainage &annals vhich rediate upwards from
the ¢istern. In aﬁezf to preelude heavy da@position of

(23)




sediment inside thé eistern, the direct wsters from the chinnels
are led into a smell) sedimentation pit at the entrance to the
maln storage tank. ,_ . .
~ ‘The sites of cisterss sre mmmaﬂ by dismmtion ef
famma 203ls dn the-%m,;:t 131 reépiony for 4t 4s only in such
erencs that eisterns could be put to economie use. Thus, the
structures sre gituated st the foot of steep and long rocky
slopea leading down to pockets or ‘basins of agricultural land
tha’b my ¢sn make optimn uge of run-off from the slopes and

buticn of aatms in maurmﬁo whieh were :m'!m-_.t;eﬁ in the
course of & yecent Nazers of Agriculture snd Iibyan Public
Pevelopuent and Stadilisation Ageney progremme is illustrated
in the statistics contained in Appendix I. In faet, there zust
be many more seattered sbout the foot«hill region which are
still in use, snd even more which have either collapsed or been
undeétested. This is borne out by the experience of the
muwy authorities at Homs Comp, whose major difficulty in
the training eveas of the foot<hills arises through aceﬁdmte& ,
caused b,y erzonred vehicles fglling through the tops of unmavked
‘Bomsn eisterns.

In discusalon of cisterns water mme zn Sripolitanie;
the axperts of the B.M.A. in 1%5 (3 pognted out that there
were seversl dissdventages associsted with this type of
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structure:

€1) In spite of tbe sedim@ntation plts at the head of m
cisterns, inefilling of the storage tank tends te mj.mt
8 hish Ma W:lde observitions of sedimenteticn An Casm -

'storage bavrage p. 84 ). Thus, the tenks hsvetobe
clea:eé xreq,mt ﬁhﬂs neeessieatas draining th
elimatic e of - Mimat )y Where mmate;; —zeplmah-

| ment. is not to be relied upm .

) Gistérn storgge & mds tor : 1084 .
 Ehoere of SeLn woe Tabid Fcort. Toe Poime oF »

£8. an Misuratino is small on en avmge and wam mﬁ
Bnppcrt isrge eapaeity storage.
4 _“(nﬁ ?he graat degree of yariability of rainfsl) in Misurs-

to make eistern atorage insfficient,
duz:mg gg peﬂpﬂs when stored waters aro Tost

o nacessary, 8 wnnld be expty. o

'(1#) Sxccedingly aaveful control of the nmgf wator in the

. c:lst’wn is mecessary if it 1s to function throughout the -
arid pericd of summer,

Nevertheleas; the Bulisa. ropart 29 eadvised that a systen of

e:tatem construetion end rermovation should be mdem wath |

a view to providin ’. a measure of suwlwmwy mtez auppl,y m '

%he Loot~hill mone. )
| nmnbemmteammmemcmemmam

mentsl change :in the pattern of mdzgmns tarmang since the

time af the B.M.\A. réport. The tmces of cemnau growth,

m;tch ‘weTe present, bat not :tmmodiateu apwmat in the sameﬁ.an

m 145 bave nereased in meity onder the stimlus of nmme

aemed from oil mlamﬁm and fareip aié (ehap'ser 6, g.b96-7),

storsge which is ralemt only m m smeazda Qf mzaa. uv!ng
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are lov enough to support intensive hand lzbour en mstmetien
gnd naintenance of the tank. FPor ss leng as a non-commereisl
aysten prevails, the eost of this labour is unappreciated ond
therefore scoepted; <cost accounting throws g different light
upon the scene and generally mekes this loss unacceptable.
83milarly, the type of land use allowved by the water rosources
made available by the cisterns is extremely limited; full
hrtgatian of £ield crops is pot pessible beyond the dounds of @
txitohen gerden® plot. As self-sufficlency gives way to -
cormercial farming in iﬁiéuraﬂme, se the value of cistern storage
dec‘unes» Poythormeye,; tank storage of tho cistem type wae an
easy 3ine of development in a peridd-when technicsl adva
rastricted. During the period of semiengmadism end in the yemw:
following seﬁmmimian, the Arabs restily took over ex+Roman
stgrage tmks, ‘since they had not the teehninal knowledge and

torisls at their dispossl to improve upon these previous works.
at the pmsenﬁ day, the aveilability of advsnced systens of wter
prospecting and exploitation and the concurrent trend in the
indigenous agxarian econony towards lapge scale commercial
forming will together render e‘lstem storage obaolm.

- Fyrom the foregoing nnslyaas, it vill be apparmt thot ths
schenes put forwsrd by the Fuzars of Agriculture and verlious
7.0, experts (Wheatley), 6 Bologna‘®®), unich ave based
‘upon penovation and eonstruction of clstern storage units can
‘only be of ephemersl importence. s s ong term policy, they
would be utterly disscciated from the deeper trends in the rupal




The surface weters of Mguretino offer restricted oppor-
tunities for development, primarily as a result of the low
volize and errstic nature of the preaipitation. It w1l be -
obvlcus theyefore, that somnd ag:aarian aavelopment in the arid
environment of the eres will have to rely upon water resourees |
of & more eonsistent nature. Until Itslien discoverdes of |
artesisn aguifers at great depth in Misuratino, relisble mbaiies‘
of water in large quantities were to be found only in the aress
eza.mmmnq the northern 1ittoral phmw WW |
lands ha!ﬁerﬁng the AQM mea to the east. ironghe!
me e!m wxists one or nore vater ﬁabzleug the msjor t'able
beiﬂa tﬁe ‘phreatie layer.

?ha m%m o£ the phreatle vater tatie ax'ises £for the
faeﬁ that the g¥e: f, er part 03 the piein is mﬁarla:m by laage
ayreas of Vm" sem, which ere coupact 1enticular aend mpax-
mesble, end which are d@oﬁteﬂ mgeniaaau over mge araas.

A mized mies of wl.nﬁnbhm and mnﬁal sands, mucnlaﬂa
reddish sands with helix {vide p. 45 ) m of m«a &re pﬁrmmhle
ere distributed ebove the impermesh £811 o

the nmu m&p end sup tar ;
wtms from the wadl systens of the Jebel aaaps thmagh \‘ha -
surfase sands end W&am above the Linn stratum tﬁfw |
E;gmze QM. In the region of Eems Oasis, em layers of m

st different depths Pesult in the existence of two water tsbles,




the upper eorresponding to the pweaﬁc, ‘end the lower being
termed the sub-srtesisn. This sub-artesian layer wes discoversd
dummg borings et Valdsgno Conc¢ession to the southecast of Hoxe
yillege ernd appeers to be at a dapth of approximately 30 metres.

tunately, the arid nature of the terrain in the Ossis of
Homs bas discoureged further exploration of this aquifer. In
the Jefara of Tripolitsnis, morth of azisia, the subsartesisn
h.yar is eeparatea fyonm the phrestic water table by & cleyey -

a) 3 layer end the weter is retained in a stratun of
and 1550 netres deep lying sbove a Mlocene clay

) ‘girice the geological properties of the Jefsrs ars
metly sw.m to those pertaining te mmm;-*f* Lo S
roi .“f;' spect ‘that other ePess of Misuretino might well be
erXain by the "*‘"b-awem squifep. Espérience on the
Jefaps’ p?.an indicated that the supply of water from aub-rareemn
sourees 13 preater 4n wolume anﬂ of @ less bpackish character
than that fiom the phreatic layer, which enjoys exolusive
prominence for Arab opersters in lisuratine at the present day.

Laurenti's observations on the phrestic water table suggest
thet the depth of the uster tsble ineveases to the south.(27)
Ho points out that the inelination of the jand towards the ses
is 321000, yet the average slope of the weter table is 2:1000,
hende the faet that the wells of the 1ittoral are shsllower than
those of the pariphersl steppe regions. The festures out-lined
by leuventi hold true in Misuretino within defined Iimits. The
deelining depth of the watey table is appavent in the nerthesn
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uttoral plain, anﬂ is particularly emphasised fm the 21iten
area. This pattern is medifie& 4in the east by the inﬂueme

the Sebkha zones of Taorga snﬂ Eﬁﬁ@i&g where the 1snd level
ap;:raﬁmates to ses=level and le&s, aud yhere the %ﬂer tahie
1les at one or less metres below the gurface of the sebkha. This
is 1llnatrated cleaw by the. 13@1&1:&5 inddcated fn Figure 31
both in respect to the Taorge-Hescia and the Goz. Ednghela_, .
sgm 20Bes.

- The ground weter hydrology in. Fdsurat:lne 18 made complex o

by virtue of the inflmences imposed upon the flow of underm, o
ground water in the meatw water table by the calerete la .
In previcus diaenasien, we. examined the pature of the calcrete :
an ang suggestea that the ema éganezlss a'&‘ work were theé
w& mma of climate which eansed  net 1oss cf m@t from
the soil ém'ing the aummer months and s eerresponding eap:lnary
umvemmt of aalts. .- It was deronstrated that the 1ayera &f
calerote ¢ j];,"i"i[erisad miich of the agricaltural lsnd af wsﬁra-
tino end were important in thelr effects upen draimage. In
fact; there are two major effects upon m&gnltn:ﬁﬁemiap&@& |
which need our attamzom :

(1) The beds of sweet water availabie on the perched water |
table araazea by ‘the calcrete mim in | soil. .

(m)mazmmna colated wate:malongt&e :umeez
the impermble haggr pan layer »

The first point erises with rexea-enee to the Opsis of Mimatnr;e |
-ained the devaloym@t of the bmd nan erust 29 nwhare go s%zeng
28 in this district. : : ' ' ors




.
of Misurste ossis mske the presence of elternative supplies of
sweet woter importent; since sny supplement $e the rormel
supplies is valusble. The perched tables are found in smaia
gregmented basins resting upen the hard pen leyer et o dqpt-h;pg’
13-16 metres. Where the undulations of the hard pen layer are
favoursble, limited amounts of sweet water msy be extracted
during end for a short perled after the winter rains. |

- Of zore genersl significence throughout Mftmtzm are ﬁhe
@?@nt?w the continons horizens of hard pan, the incline of
which is biassed st a slope of less than 311000 towards the
south.  As ve have pointed out previcusly, this siight incline
in the hard pan brings sbout many festures of introspective -
&rainage in the area, espeeieuy in the regien of zliuw &aes.s -
and the south of Misurata Oasis. The phrestic water table in
these arezs exhibits a braﬂkish ‘nature and 2 ‘bigh degree of saat
eontents this sitastion ebmx;s&y redne_eg ﬂag value of the
ground vater in the region and mekes irvigated ferming &
hzzardous business. . - |

Ierge oreas of the coast of znten end Misurate are aftéc&eﬂ
by a secondary 1n£1uenge ef‘the-harﬂ pan,iaygr. In these-cases,
the calerete horizen along the coast Mne 13  biessed slightly
inlerd, and the sea water is able to penetrate aieng the line
of tha calereﬁe surface and enter the main bady'or %he~phs%fyé;u
uzter table. This tenﬁenay is reiﬂibrneﬂ in thg Migurate 6&5&5
by the faet that the seepage flaw'ef‘sueew from the taétnhilza

tepds to drain to the east into the lowslying asres of the



Bebkha Tsorga and Hescia.  This diverston of water .ﬁ'r;e@-**tbe
msin eoestvards flov of the phrestic vater table reduces the
yresma of £low in the morthern 1ittorsl regions, thereb#
:anwins mmaﬁan by sem water. 4 further factor worthy of
congideratien in this context &s the general decline in the
helght of the foot=hill vegien fowsrds the east; in Homs reglon
at ﬂas muﬁamam the height of the escarpuent 1s 119 netress - at
Elwlg en above Misurate Oasis,. £he foot<hills £a1) oway to 22
metraao Thus, the hesd of pressure aceumnla’eeﬁ in the. rringaé 8
of the foot+hills 1s less in the east than the vest, and’ the
' r,«ate ai' t.‘ww in the two rozions. maas asceordingly.
“ In the entire eastern region, 1.e. the avess of centrel,
northexn and ‘southern of Misurats Ogngis and the asseeiated |
peripheral stme; areas, the Gtillty of the phregtic wster table
15 eonsidershly reduced as a result of the inter-flov of vaber .
between the squifer and the water body pf the gebkha. The
tmﬂanc’y for inter-flow is thought to be incressing as the surfaece
of m is reGueed by the constant erosion .of the fziaw.e
sait ernst and the down gradient to the salt lake aecen’suated.
At the prasent day, mter«-ﬂow takes place mainlycduring the
winter rainfall season, when the twe boﬁias eentain a;ppxeeiahie E
wiunes of water. We do not yet ‘now tha nnea anﬂ qnanﬁiﬁy of
interaction betusen the phres 4¢ water and the gebkha, but it

mey be assumed from the; brackish nature of tma irrigation vater
drava fren the vells in the sreas te the east end south, that
the degres of inter~flov is sufficient to affect sgriculturel
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sctivity adversely. | | L . |

We have mea&y noteﬂ that tha mmreea Iayer in the so&ls
cf pany eress of iﬁsnratino glves rise to kaeal percnad watar
‘tables whieh may be put,zm agriculturel use. Ioeal water ,
. tables are alse :mmm‘;hnt in the nt‘km-ai gones vhere sand émes
ogeur over large sreas. i‘m high 1ying weter tebles im the
dunpse areas ave not fully understocd snd ere unmapped in
Hisuretine. In the area of interdunal basins, particulerly in
mmﬁmnafmsumtaeaeis, myetthedunes eanbeaade
o support palmeries in thotr cun right; .. all tm pazms in
thew,mms are wt mely residnal ea.@ents ovar&aken bp dune
8 FqMa' mtlenae oi' the prem«ze aﬁ' hmnes nf
vatm‘ w&ﬁhﬁn the dnne mess 18 furnished by the Ferestry i)epart-

ment. wmc.h has ﬁscovered ew; dane reclmtion ip the Kisupatas -
uea MS oﬁfered lass m-eblems than ‘have hem me in othep
"JMttorel and eontinentsl locations, vhere salinity of the under-
lying sa:l howizens 1is m-esant ‘in snall qummmea» ~ $he reason
for this ides in the fact thst the seedungs planted on the
m.sn.rata dunes have £auné readily aveilable supplies of mac
water as is testified by the meesa aehiem Leone, vho

dertook mych of the esrly experimentsl work on dune stabilisas
tien remarked = *nel rzguardx dell*® acqua le dune possono
 considerasi come del veri servhatol d'seque e sotto questo
pmmaiviseaxesyeeiearhereasnﬂiessemnms&
nelle migliore condislont’. 20)
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In the absence of sny anthoritative work on the water
table 42 the sand dunes in Meurata ares, We may snggest the
most likely explanaticn of the situation is that it is a muﬂ.-
fostation of the Chyben-Horzberg Phenonencs.  The meenanm: at |
work &s as followsse

The upper layers of strata containing saline wetey on tho
bordors of the sebkhs or in the areas where ’Bhe phreatic water
t\a’blg 18 ‘heavily penstrated by aai‘uy vaﬁr, emtain varlo;hl.e
amoints of sweet water, meinly £ rainfall pevcolation bBut
also from influent seepage. Kormal ‘mixing betwem the- snlty
weter and the fresh wster slong the junction surfaces is only
slight. Because of the Rifferences in density - *1.026 for salg
water and 1.0 for fresh - the height of the fresh water (h) -
coises the withdvawel of salt water over & height (H) equsl o
about 40 times (n)¢ & colum of height (H) plus ) of wator of
density 1 is needed to balence a column (M) of salt watert.(® .
mactien of £resh weter resuits in the intrusion of galt water
in ¢his saeeial w (Vide ﬂgute 32). The result is t&t_ the
expaniiing bsdy of saline water sgsumes s position in the water
‘body relstive to the size of the body and the level of the water
table in & way which has not hitherto been expected. The

) #olative positions of the saline and frosh wator befitey ks
1llustrated in Figure 32. |

The présence of smalld aml muaed wa#er bodies within the

dunes eannot be regavded as being of agriculturasl importance in
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any direet form. :ﬁemehagiass; ‘the implicatiomsin terms of
forestry activity end dune fizstion sre significent.

During the Romsn oceupation of Tripolitenis, the. are;
supported the *tri-polis®, the eities of Sebrate, Oca snd &oma
Mggna. Perticulerly efter the sccessiocn of Septimus Soverus o8
Emperor, the city of Leptis, which was his birtb place, grev to
prominence as a trading emporium,  Mueh of the water supply for
the ¢ity was teken from Wedi Caem by squeduet. After the deeline
of Romsn tule in the aemthcmtury, the spring source im the
Wadd Gaam fell into disuse. '

The spring systen in the Casm fupnishes p@emial supplies
'of water for the enly weter eourse in Pripolitanias with a
peymsment flow to the sea. The spring is situated et s frac-

ture in the calérete layer et a point wvhere the east tilt of the
calerete bed under-lying the Sahel El-sheued meets tho western
t1ting calorete horizon of Blften Oasis. The main souree of
the spring ummama mﬁwaf the Cean Terreglat
drainage wssin. 4 aumalwemw sapply of water to the springs
1smmgemmmmtmwmﬁmeast,mm
‘Iying grodient of which is inelined msm; to the eocuth.
Mlthough the flow fvonm the springs is per 1, it varie
siightly throughout the yesr. After uenvy £laeds in. the wet
'seam, ‘output may increase to 34,5@0 cnb&g netres per hour.
The mxpply of sweet water is eﬁ; s.ntm'ruptaa whén the

sepevard flow of the wadi falls to smell proporticns duddng the
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summer , -thereby allowing. ineflow of Lsa’l%y sea water into the
reservoir ‘basin. &imilarly, after flood conditRona in the wadi,
mud déposition over the fradture in the calerete layer tm&ra—
rily holds the flow of spring water in cheek. L
The value of the springs st Wadl Caam is censidérsbly

enhanséd by the presence of o matural reservoir in the mouth of
the wedi, 4n which the accumulsted supply is held throughout the
summer season. ~ The reservoir is esused by the occurrence of
a coupact send bar at the moith of the wedi, which sesls off

the sweet spring wabérs from the saline waters of the sea beyond.
The eontaining bar scross the wsdi mouth is only disturbed
‘suftieiemiy to aliow infiltration of ses water into the reservoir
anring northerly gsle conditions. Conditioms of this type .
prevsil infyeguently, end the normsl balance is scon restored i
“depemding upon the seasor cnd the replaeﬂmm rate of met tmter
by the springs. ‘During the dmugbt ‘pertod of 1960, storns
eiong the coast cansed disruption of the sand bar end anbsequmt
m—ﬂw of sos water into the wads; om this occasien the bar

| wee reconstructed artifielallyy. nd the water was medo tit for

use again after some fourteen days. | |
. 48 ve have mentioned eaziier, the waters of the Casm spring
’mvaaaemaenm ton to weste s&neetheenﬂoi'thehman
ceeunation .  The totsl storage -eamcity of the mserv_ja,;r fis
 emsll snd dependent upen the structure of the sand bar at the
 mouth of the vadi. HNometheless, the total amuel flow of the




estimate for drought year fiow, end @,,ooo cubie netres
uaing the estimate of normsl flow Pgking into acceunt the -
mdity af the environment of ﬁé&mﬁm, this source at water
1s as vaznable as it is unique. The major points of mterm
.pxeaenﬁed by the springs msy be suma!iaed as followssie
£i) The total fiow of the Csam springs does not equal the .
- pate ¢f grtesian springs at Taorga (12,000 cubie neeséa
~ per hour), but is sbundant by locel standavds. = .
{31) The flovw is affeected only siightly by the saasunﬁi
Yaristions in rainfg)) agnd Shere 1s nmo record of tha
. spring having ever dried up in periods of drougﬁt .

. (m) & zarge and yelativély reliasble natural reservoir exu!;s
Ienpside the spring.

‘The nonsuse of the spring since Roman times may be- acemmted
‘to the fact that the Sahel El-Ahsred is an ares of recent settles
ment, in a regitm whﬂ.eh vas essentielly unmproved periphesni
steppe. Bmiarly 4B the east:, the agricnltursl sress ot‘
Zliten have ot extended to the Coem. Thus, the caam,,nmm
was siteated ceatrel to e broad area 82 pastoral beeupmee ‘vhere
the inea!ti’ve ené technieal abﬁ.iﬁy af the p@pnlat‘ion % wmt
the apring weters was undeveloped. & mew peried of cxplold
of the sprirgs begen 1n 1955/56 with the inenguration of the
Wadl Caam Reclometion and Settlement Project. The syswns ot
. weter use, and the Soelal end esononie backgmm\ﬁ 2o the amm
ie descridbed later v thie thesis.

(1) The phreatic water table 4s the most signiﬁeant element
$n the structure of ground ms&er hyﬁrelogy of ﬂiszzmﬁ‘lw.  Until
- pogent years, the presence of sweet mm in this gguifer nede
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possible the development of sedentary agricultursl 1ife in the
northern littoral plain. In those areas where the lsyer was
absent, et grent depth, saline or poor in its water bearing
quality, sgricultural oecupancé was restricted to pastoralisn
and drysland shiffing cultivation. On the other hand, where
the phreatic water table was readily accessible snd abundant in
supply, sedengary agricalture was sble to develop rapldly teward:
the end of the Turkish Administration of Iibye (Vide Chapf:
p- 273). The variadility of sainfall, both in terms of quantity
and pericodicity, which churacterises Misuratino, renders seden~
tsry agriculture hasardous without the availability of alterna-
tive sources of weter supply. Thus, sedentary agricuiture
developed in many areas which were poorly endowed with soils,
badly shtuated with regard to the centres ef settlement and
exposed %o edverse sea snd Ghibli winds because relisble supplies
of watar wepe avallable from the phreatic weter table. It
might be seid with truth, that all physical fsotors dbearing
upon eggriceitursl production were supplementary to the key
factor of svailsbility of water from the plwreatic water table.
The coinélidence of ebundsnt water end fertile soils in Migupatino
is entirely fortuitous, but tho affluence of those repions where
this has occurred, such as the Schel El-Abamed, merely serves
to threw into relief the poverty of other casis aveas.

Full understanding of the part played by the phreatic
equifer in Misuratino may be had by referemce to the gcunomie
snd soclal status of the tribal groups which eceupied the aves
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in the ¢losing years of the last eentury, when the trend to
sedentarisation prevailed throughout most of the nomsdie emd -
‘ semtenomadie cgbila. A full secotnt of these conditions is
given later in the thesis (Chapter L), but it will be of . mne
_here to note the follaving pointgs~ S
Sg) The trides were aceustomed to a pastoral 1life in the’

¢ 1ands of the south, and their mmeﬁgs ot aguenlme

cultivation in the upper wadi bas

interior. ,

. {b) Rechnical ¥mowledge possessed by these peoples was

iuited in nature and of necessity vas slapted to a pastersl

rather than sedentary calture. %a&s and building macaﬁaia of

the stmplest kind were naeeaaary dunng the desept 1ife; hmce A
Fars '"'_‘»was fn: many weys a difficalt

procesgs . oo Lo o |
- Led iergessalamks, snchasthemimeﬁénotmna and -
steyns hed den a mattor of commnal concérn end commphs
action. The rpve to sedenterisation was assocldted wxen the
birth of individual owncrship and individus) sction; this
situstion incressed the force of points (a) and (b).

. Baturelly, peoples of this kind, faced with the problem of
agricultural exploitation on the 1ittoral plain, where economie
sdvance conld be mede seeursly enly by means of relisble water
supplies, turned to the easlest line of resistence. In
¥ suratino this line was exploitation of the phreatie watey
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table, vhich could be Sapped by means of shallow wells snd an
easily constructed pully mechanism. Obviously, the movement
of forces was twosway; the tribes of the srea were subject to
internsl pressure to sedentarise (Vide Chspter &) and the water
table offered potentialities for settlememt; similarly, the
high standaré of livimg enjoyed by the small groups of sedentgry
A < (regidusl Arsbo-Berber cultivators thought to have
urvived the Hilalian incursiens snd maintsined ossis Yife
éuring the leng peried of nomadic soceupance) and the knswledge
wailability of water in the 1ittorsl plain crested o
force of attraction to the littorel plain.

In brosd terms of eccmemic growth, the phreatic witer table
offered a moshanisn for edvance td a society, whose techmologicel
levél precluded use of less accessible sources of water supply
in en srea where suceessful agric¢ulitural practice is not beéstﬁze
without permenent sources of irrigation water being available.

As ve shall see later (Chapter 6), the speed end direction of
exploitation of the phreatie water table, itself gives rise to
& further mechanisn of growth corresponding to the incresse in
teciniesl and capital funds asewmisted in tho sedentery casis
aress.

(1) The walue of the phrestic water table 1s limited by the
following fac¢torsi-

(a) The infinencé of the Sgbkhs of Tesrge snd Heseia causes
digersion of the water flovw in the phrestic equifer in the
regions of the east. A general infiltrstion of saline waters
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ih the body of the water tablo is discernable over large oveas
ldsurata Ossis. Fronm evidence of more advenced cases of
m formations in other parts of Forth Africa,$39) s¢ 15
meay that the surface level of the gebkha will contimue to-
£all end this exert en ingreesing influence upon the phrestic
mgr table in ¢astern ¥isuratino.
‘ (b) Over gppreciable areas of Zliten mmm Micumly
mMWst, the dncline of the gslerete erust in the soil is
bigssed towards the south, o factor which hss led to penetratio
of sesswuter into the phreatic water table. e
. ¢e) In the peripheral steppe regions of Misarstino, the
phreatie table is found gt i¢s greatest depth; yet 4t 4s in -
these areas where the shortage of water is most asute. |
(131) Ground whter supplics fron sources other than tho phrestic
weter table have been exploited sced es 4n the eage of
' § until recent years. .
s gnd Sottlicument

- ground wster a@smnea. The Mgnm«nce of the semd~artesian
water bearing layer in tho Homs wegicn and the perchsd water
tables in the Omsis of Msureta will not bo elear until a
farther nvm icsl resesrch 1s undertnken. A o
(1v) 4s & preface to the fellowing examination of srtesian water
resources weo should mote that the role of the phreatic tadble in
indigenous economic grovth will de subjest to re-evaluation in
the light of the recent discoveries of lerge bodies of deep
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artesian 1ayars in Misuratino end the 3.evax of economic aévmwe
achieved by e@zoatauon nt the plu-eatu vater table.
(vii) Axtesien Water Resources in Msuratin |
Bafore entm'ing iata 8 discussim of tbse lneanseﬂ eﬂeets
of the artes:tan water resources in Misuratino, it will be of
vaine to ahalyae khe larga mle etfeeﬁs of gealagy upon tmder—'
gmtmd wster resourees ot Mpolktania. m &hazan stmeturef
15 mn; np on ghe gte—ﬂambﬂ.an 'zazemv rapreaenteﬁ by tha
following erystalline blocks'?®s-
() The erystalline backbone of the wostesn Sehara or
nr:ltaaianownrmgmth-mmenémam
| Eglab Massif.
| ‘ (b) m am). Saharan &ssif at the &ggm-.

... (e) 'Tho Tibesti Hsssif of southern Lidya. o
Pazeemae materiels have been laid doun around these three -
'&sfand ama, vhick e range m m mluraen to. the
Subien sandstone series. These primary rocks ezhibit grest
homogeneity throughout Forth Afrma, end form @ uniforn base |
fornation wmugw ﬁb:a. mept in tmae ereaa m:e the |
Baveynian,xraatuxing and thnlting makea ths sieuaeton more j
cmlex. Follmﬁmg the Palemic miod thare was & prolonged
ere of Mesozoic sedimentstion, of which the most significant
and widewspread deposit was that or the Sppor Cietacevus, whigh
forms the base rock of the vast Bamﬂa Bl-Hamva and Ghibla region
of mmmtanxa.‘ The vast sreas of Mesosole sedinentation have
been ﬁaserxbeﬂ as Intercalary Gonﬁmtal; enm- mportanea
arisas i:hmngh !:hs fect that the aedimemts torm huge bagins in




the interisr, in vhich it is ¥mown thst Mmmaﬁm
arve mea,‘m is we shall see later, the extant of the

uticn 6f the cosstel mesw layers
3suvstino, 1s the lay of the Yertlery sediments, thus we
amnmummmmwamawmmaw wemn
not enter inte argument conceyning th& exact chuses and wmae
areaa of mnvmt in tma mm, sﬂme ﬁhey 6o not affect the
aimaﬁion of the ptesion aquifers. The key faet ts that
amlangﬁ mmn sround tho Fibesti, or Mal orogeni
resulted in the formation of an extensive sunken basin azmase
wtmmewmﬁwmmusm Msbamasmme SR

the c!eae az’ the Bocene pericd, the Iine ni' tho ses was mb&bly
zaagwax mmmrmafmnuﬁwtheMsa
' 11s, 3 less gradusl mem:awal of m

mars.ns transsresmaa emmmm the 011goex

ne period of



depositien. In terms of the artesian layers at present
mdara.ying the Jat’ara and Misuratine a¥eas of mpamm, ‘the
03dgoceons gmlagy is profoiundly important. Mﬁng the -
Miocene pericd, dépbsition in the Miccene ses 3eft behind
contimions beds of rock.  In Higupatino and the Jefare mm,
sedimentation was intermittent dépendent upon the fluetustions
in mapine incursion, bﬂs aﬁ""'ean‘t layers of material, both
Helvetsan and Tortonisn in sge were uaé dovn on the a¥es of
wanagaeamn {V¥ide Figure 20). %o the posteliiocene era, these
sedinentary roéks have been covered by Quaterngry deposits of
¢olfan apd afluvis) origin, ~ This rough sketeh of the geological
evoluticn of the water dearing strata, its dtstribution éma
sequence $ndicates the droad outline of physical factors velevant
to the following discussion of the srteslen layers of &mﬁnﬂ '
. Hgdrclogical reseaveh in Teipolitania is in an exceedingk:
poor stote. In the prosWar yesrs, the Italien edministration
financed a scheme of m:kazaﬁnnm the aﬁesianm

:fmers (Vide Chapter 6, p+630 ). bl rke
Dosto’29? ena Della Gatta’32) are st131 the bastec spfvorities
Gpon which ve must drew for information in spite of the fact
that Itsltsn work was completed under emergency conditions in
the late thirties end early fortles. It is now known that
Italien sotivity in the ficld of exploratien was intended to
probe those areas where there was s pessibility of discoverh
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o4} pescurces, thns from the late thirtics, water prospecting
ves 4 secondsry ccnsidevation. This bias towards ezploration
for 0i1 resulted in & tendency to coneesl most of the fimdings
ought to light during these Jstter years. Since the m, )
velopment of water réscurces has been sporsdic and irrational. -
Uidey the British Mdiitary Administyation, funds end eguipment
ware in ghort supply, hence sctivity was restricted to move
stcessible rescurces. In the years following indepemdence
&953.), 2 lsrge number of uncosordinated sgencies :lneluding the
Nszays of Agriculture, the Soils snd Weter Pivieion of I&JS‘ -
(4byen Americen Joint Services) and United States Oversscas
sasma te mm hme been mponmxe for amu end’ un:.n‘ff‘i

m w lml N’ aﬂmee in Imowledge of- weasian watey re@omw.
it amuia be eppteeia%ad that intense oil exploration tmugmt
mwma will b ,1_,'_":‘ new Mght t6 besr on the situstion

sFovided that ell the neemhm material is cowordinsted by

ene ‘mw,mmﬁw. In theé Tollowing mmaﬁoa of the
‘artesian formations of Misurstino, the suggesticns msde sre
subject to the lim tattona ammg frem the ';muam as mm
nned above. | -

fhe stratigraphical) eempasition of the bed rocks underlying

the Jofara and E&maum wes outiined by Ma"’g) on the basis
of exploration work ecapleted in 140, and this work must be
regerded as the mgst authoretitive statenent of the situstion.
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Laurentifs vork in the ssme period brought slightly differiug:
eonclnsions; bue» in prineiple, the form of the geological: st:ata
@s mggested by Besio was nof serionsly challienged. n
M@ pmpeseﬁ e&at the important strata of the Jefara and

mmatme ware as Ianws (Vz.da Figm-e Mg ~

() Supesficial deposits of sands and yock detritis from the
Jebed ~ Queteimary end veoent in origin, The depth of these:
deposits varies considerably fron syes to eres es we poluted out
in esrlied discussion of soils in Misuretino {(Chapter 2; p: 4504
'in gme:ra! 4% msy be said that the superfieiasl ssnd cover
inﬂmes in depth towards the Jebel. ‘

33 ian styata of white or yellow limestone of a b:lgm
natuve, The uakimnn known dap‘bh of the fumabiw 18
abe% 80 metrea.~ - S
' fe) Glays end marls with intercalst wmﬂymme o
of Helvetisn age; the elaga end parls ave very Possiliferow:
Thickness of 400 ms. | | |

{d) €and,; sandstone end gram with smell intescalations of
. shingle and pebbles. Maxirum known depth of the formation
about 80 petres. - |

~ {4) represents the base level of the Mivedne transgression
into the s¥es. It 43 underlain dy e series of sandstones and
1imestones, which are not yet £ully explored. The minds and
gravels of this stratom ave mmeabie end eapable #f helding
large amphnts of water in stoysge. The impermeadility of the
underlying pre-liscene substratun and the retaining effect of




the impervious cleys and marls of the Helvetlan series, results
in ¢he high degres of water vetention inm the Ignghian strats,
Besio sumbarises his findinds on the nature of the water bearing
serics by suggesting that the thologieal character of the
fanghisn layer suggests that 3t is en intrusive deposit. The
sub-gtratun beneath it exhibits no ehranalogical relgtionship, .
end in pany ways may be sttriboted ﬁ@ Cretaceous snd Trisssic
times. Thas, 1t is eencluded thet the artesian equifers of the -
Tripolitanien Jefara are contained in transgressive strata, vhieh
are losated at the base of the Miocene and which for the most
part may ‘e ‘sseribed to the lLanghian era. .
The immediste contact of the Miocene series with the gre—
Miocene subsgtratun below causes loeslised differenices in the’
Bature of the aguifer corresponding to the topography of the mube
stratur. - Hence, the depth of the artesian layers and the onte
put of wells bored into the layer va,riea over relaeﬁ.véiy shord
distences. = PFurther varietions arize from the, se.meeura at the -
waﬁa;g bearing stratum itselfy - in meny sreas, m sands anﬂ
gxava‘la » sendstone. and pebble: B,enses change in their. zagio one.
with snether over short distsnces. Until exploration anﬂ R
Feseareh revesl more &ntcrmaum mmming the mgramat |
the presdiogene sub-stratum; $he extent and the location of the
verlous structures will not be known with any precision. In
the region of Tumming, for example, in the ex-Italian develop-
ment area, the depth of the squifer varles in depth up to 100
metres, and the £low Ef the well waries up to 200 cu/metres per
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‘hour over distances of less than 500 metres on the horizontsl.
Over greaster horizontal distonces, the sguifer msy vary from
%00 eubic metres por hour in well outepul &o no out«pat whatso-
ever. These observetions will indicate the importence of the
need %o fugther exploration of the pre-iiocenme sub-gtratum. In
Misuratino the only coneclugive ovidence at present st our
disposal points to the fact that the sub-stretun falls sway %o
the north and east in the littorel plain, snd $o the esst dm
the steppe south of Msurpta towerds the Sirtican Bsbayment. =
- It.may be seen from the dste contained in Figuve 3% thet
the strata of the Miocene series declines ia thickness end in
depth Pfom the coast to the line of the Cyetacesus rock which
merks the Jebeline footw-hills and the appromimate’ Limi€ of the
Edocene mnszaeaaian icto Misurstine. Similerly, the dupth of
locene serdes tnderlying the lowlsnd fyom &usumta e the
regien et Biz&e deereases from east to west, beormir ﬁins aleng
the 1ime where the liecene Ses met the Palsosicc basament of
the interior. In the exteemc wost of Miguratinc, the Cretacsous
promentary of lsellats forms a hydroleglecsl bawrier, separating
the two independent bssins of Misuratino end the Jefara. Fhe
Itallsn geologiesl suvvey retords a thin covering of Miocene
rocks on the Msellats rTidge.  The origin of the Miocens in this
‘#ebal ares was neved fully explained by the Ita!ian mwmué”)

fuxm: resesreh will clerify the situstion; 4o the present
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«context, these Mocens beds ere insignificant, since they do mot

| form & hadmmm ok between the two Jefaran basms and are

;,tnmaemwmyaz-nmam
%eaamzationﬁ'wataznthepmaabh hngm;aﬁ strata

©in Meuratine may be scconnted to the efféets of infiltraticn

. _: mma,tbemwmmmmbe,._“

1 gwee&pim end vedi ﬂnads s.nw the-aquifer st the Junction
of the Miocens end the presliiodene substratum. In this vespect

~ Higursd ta hinterl 'Merams&dmbiyzmtm

o -te:ama preper. Me@“ end aam‘m sscribe the source of

e ,ames via m —y wm tam.' In the Mm 7, on

.. dn Meuw ; are quita “ ns w mmnm nm mnar
',an tiﬂ.a eharﬁerg m Itanm mﬁen ef ‘the mwm seelogy
_.ot‘thanﬂeawas memsh Mmited. Me tacrop
”mnmtabenmmzemmsmmmwmmaw
o ‘,mxuza. In fact, resesreh by c%m!.x.a. Bas indicated clearly
 %hat mich of the formation of the foot~hill sone is made up of
¥ded ag Helvetien 1
 aste. 2N d39covery raised two very fmportent questionsy
15 the Tortonisn series sbsent from Miguretime? If this is so,
. what mechanisn of wyter accumulaticn appuas to the equifers of
. Ksurgtino?
~ fhe enawer to the mmer quentian appears to be that it




is absent from the srea of the morthern goest, and if it occurs
at a2l 1n the eaa#em mtér‘ai” the re‘gifcm, 1% will be lat daepth
, and ¢onfined to the waat mmately under!ylng ehe asbkha.
Thue the aqaiteww.u be fed by the setion of water of flood
81l origin moving doun the incline uf the pro+X .
| lbaawm, 1:: the first place below the Helvetien aemsit.s and
. thereafter inte the langhten sinds end ssmdstenes. In compsFison
. ve&th the Jefaras of ﬁrayeutmza, the mechsnism of water cateh-
| ment is Jocated over @ for grester eves; replenshuent of the
o »‘ be more sporadi¢ in Msurating corresponding o ¢
' sparse veinfell snd taveruittent flov of the vedis in thé erss.
Discuseing the relstive merits of the aquifers in the Jefare
nti came w tﬁe melas&en &ba% 'éhe rnw ot

1 y. bord %ests, bat the entepat of wons in the Tummis

Karerin aaa msmﬁa axm, and the spring. ﬁw at Taorga,

, Mc&te that the undwgrum snwues are ahmﬁm and tmdér

_‘apprecinbls hyﬂmzeatic presme.» |
nmmmmmpmymtaoznuumwem
ytosi & ¢ suratino ave in the m—%a:linn

| , smsmm .&s known

of eeaer areas entside this sone. Nenethsless thove are seversl

. reemt‘.ty diseovered factors meh suggest e pessi’bla disposition

- of the aquﬁerss
{a) The sowcalled mﬂ.-ar!:esian 1a,yar Mnh has been ionated




in the Homs reglon essoelsted vith la Valdsgno coneession is
known to be positioned in strata, the character of which gloascly

‘resexbles the Lenghlen sedimentaries of the Jefara. Unfortu-

pately; no £ingl euthoritative statexent upon the sge of the -
series ot Ia Valdagno has been made as yet. ' '

(b) The thickmess of the HelveSian deposits reported by
C.0 .?.H.&‘ in the !'%1@ of Wedi Coam indicate that the Aanghl

‘z9st be at enly shellow depth below, especially in view of tm

- £act that the Helyetien strata reaeh thelr mogt narrow seetion,

A

where ¢hey mepge onto the pre»l‘ziimme front, some 81X or seven .
kilometres inlsnd from the mouth of the wadi. It is ‘tentatively

| suggested by e@@.ﬁ!,ﬂ.a. that thg ugimgews sandstones which
~ were found undeprldying the caam baam mmmt tha

f.x€7>'

of the Helvetian gedis ‘ ‘ e
(c) The plezometric levels recerded by the wells in the .

" funming~Kevarin eres indicate tht the configuration of the

aquifer 1s gevmeﬂ by the eastwards dlp at the areuw m&-
styatun into the Sirticen Exbaymen d e
{4) ¥ho work af Desto’39) and Wﬁ‘m n the Jefers show

,mcmw«mtsmotmmmm» tends to follow the

wsﬁ-ﬁm of the Mocene 8ea.

On the basis of this avidence, weo may suggest. tmtatiww,
that the ééposiw‘ of the Geep srtesian layer in Hisarsting is.
confined §o the ssstern sectoy of the reg:lnn, d.e. east of |

Defnis ("ﬂﬂa Figure 30). In m erenx to the uest. factors {a)

(b) would seen to give slisht evidence that the srtesisn
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lgyer vises to thé’“‘snﬁace in the vicinity of'ehe Cretaceous
sub=gtretun. Point @) above gives suppertmg evidence to ﬁm
theory, but further deep mms would be necessary before -
the exaet extent of the langhien series cenld be 5§ateﬂ with
,mtm‘ay. | - - | .

. Mentdon zust be made bere of a fourth. amsm zam waaen
'msmmmmmwmmmmmmaermatam
of ‘seme: 7M% motres. At the present dey the mrmarcea
Be}d by the fourth aquifer eve unexplored; Italten boring equip-
 ment in ‘the prew¥er yeers was mzabie to meet the demends placed

upen 4t by the grest depths inwlveﬂ in penetration to the
$¢urth aptegion er, In the postewar yeaum, the mass availa-

this mm resouree. A
Thus rar, the ﬁﬂ:sauaaim of artesien vater mmmes in

end nature of m aquifers unﬂer:t:vmg the r@m Ro relatiens -
ship has been suﬁgesw betwsen the teends in indigencus econcnic -
T aptesian basins. This arises
explottation of the ‘artesian

mmzm without re:emearta the» needs of axab a@ux bure.
In the years up to 1951, the - 'f\esian rmnms of mmuma
- may ‘be meccunted to the sole: iae ae the Ttslian sector of the

,,sgr:eﬂtnm eepneny. To reespitola j;;_:; the points m mggasteﬁ

earlier in pespeet to the dev i;"';pmm of em ymm vater
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tables - 'the"m:gamusmmmﬁ ‘possessed neither the ﬁeemcal
talent nor the £insnciel reseurces to exploit the deep water
begring strata of the sreés.  The Italian and Aramd mtors of
~ the ecm omy ¢ontinned es separate plangs of operation (Vide -
 Ghapter 6, pp,3T) § to some extent, the indigen ‘

ks .

~ under stress $rom the European sector + the sum &f rocts ‘of new
ideas snd mew evops introduced into the srea by coloaists tended

%WWW&%&‘&&MM&:M&W-'.“"”””. )
growthe  8ince 1951, two factore huve been impeream& = a&z
ing the m&t&mh&p ‘betveen the artem resoupees and the Arsh
Ansmiameeam'-" ‘- ' RS
| 1) T&e farm of growth bithin the Aysd ecomomy have Enliinatoed
% & geners] break thvough in the csses from selfssuffielent to -
arelsl Ferming. " %he incentive to incvesse production and
ensing svallsdiilsty of investment funds heve led €6 8
essvaloation of mﬁr resmces Some Ared farmers
| kil . Ativetioh vhich exceed those
exhibited by the bulk of Ttalian yeasmt colonists io Teipold- -
:(m Politisel and ecomomie. ;j.__i_f’;ff"?,”,fienlmes which have baget the
Italian sector of the economy have resulted in o wide spreed
petriation of the pessant fermers who oocupy the &eﬁegrapmg
~ estates in Tyipolitanla. ~The farmy vecsted by the Tealdans
ha'aebm&wennm bymzvmﬁwszoagmw o lessey
ent depending upen the avea (m Chapter 6). | e
ﬁithint&eﬁaat 4




of aﬁmce where it bas been possidie to in
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gradually to g pogition where the arteai-an resourees and the
units of exploitation of those resources have teen integrated

inteo it. We shall disenss the mmum of mmmﬁan in

- the fbﬂmﬂng part ai’ !:h:la ehapter.

@ ﬁh% ma%aat problem asseciatea with the sriesien resources

tins is the lsck of infermstion concerming thely wextant

and aaptﬁ . Untd} further explorztion is completed, no sulthorl-
,taeﬂe pieture of the position ¢sn be Grewn up. |

- M4suratinos the situation in the west 1is meeneina:iw aithangh
) mew et shallow depm.

give artesisn bods upnderelie the ezstemn ares of

8l evidence indfcates the p&seme af &he Ianghian:

mie and exploitation of the
rees of mmutanﬁa was undertaken in the 193&*9-

ptosian resan

-by the Italfen @Wmﬂs, amd the fruits of the vork vere
- $ntended for use in pehemes of coluniel wettlement. In the

od since 1951, the indigenous econony has reached § 1@%1

ptasian: development into Arab tam&ng pmeuea. .

B (a) "A > ’ ‘.. " ) T e l"x"‘ o8

L dn thu expringbion of ﬁha halanca of watoey sapply in

4_&@%&&, we have seen that tbe given physical elements &n
| the_ i
.distmwim of vater saphl

mentel ’s&@aumwmwwmm eh- Bear upen the
, m 8oils to relief is

ﬂwﬁhe&&a@;g' each of ‘;tha'sfe;-;ﬁae; sen
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ﬁ;mpertane cmly in its effeets wpon the distribution and matuve
of fhﬂ water supplies 1812y

alongmlée aensﬁeutions of Mer avauabmzy. We nay resgtate
heve o @age example whick we bave used previonsly:s in the Oasie
of Miaurata, water resources in the phrestic water tsble ape
utilised for agrienltural purposes without regard to tho fertility
or infertility of the soils, exposure to or shelter from prevan- |
ing winds and favourebility or unfavoursbliity of topoeraphy. -
¥hns the pattern of egriculfural development will be elcselv
sssoctated vith the Mewzym pottern of water avallability

in =ny avres. '

- 88 we have mentioned previously, the guestion of weter-
&veilability must be assessed both incterms of the @iffieuities
of explottetion presented by the environment, and ths varm
1Is of tecbzzieal svance present in homsr soclety, which
nskes possible, or precludes; exploitation of each of thé ixiewn
water sources. In the succesding paragraphs we shall snglyse
by ease studies the usé to wh the various water sources are
put in Msuretino with particular raference to the positiom snd
the importance of each souree at The various phases of édeonomic
growth. This exeminstion will this serve as a prefsce to later
gtudy of the broader mneations of etomordce grovth in the mgien
(A) Indigenans Opsis Develovment

?he most :'eaéuy accessible source of water supply in the
Yittoral plain cress of Mgure .",f;__’ is the phreatic water ‘table
#t the time when the gabila of the region were under-going g
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‘proceds of sedentarisation, the water reserves of the shallow
ejuifer offered a bosis for static agricuitural explottation.
‘The process of sedentarisatiocn was itself protracted and comples
{vide Chepter %), and the as: oélsted factors of readjuatment -
slow to develop. 4s we shall demomstrste lster in the thesis,
‘the eyolution of Azrigstion in the cases tended to be governed
_. byf’;;c‘fa_.véerél intersralated forces of economic growth, particularly
by the beginnings te m&cﬁa& agraealwm (Vide Chapter 6, p«6s).
Havert.helesz, during the eaa&g peﬁ.ud of extensive settlfi ent
in the Jittoval oasis sreas, the dala well vas the universal
means of water expioitaticn frem the phreatie water table.
{a)  Zhe Dgiu. : - S
- The grestey part of the sueni of Msureting derive thetr
irmaﬁaﬁ water from the phreatic water tadble by mesns of 3
SMW velly of varylng depth depending upon distance from tho
coast. The treditionel method utilised to Tuise weter from the
aquifer is siuple end ipgenigus. It comsists of a goat skin
bsg (daim), which 3o sheped roughly es e oylinder, opem at ame
end Welﬁ%ﬂ at the other; this cylinder is let down in %o
the well by o lomg rope, which is gulded by a pulley set ina -
zough snumm Sranework above the well (Plaste 1 ). DPuripg
the ascent of the dalm, the rope is dpawn: over a bobbin pa‘uey
set, fuztner down the well superstmemre. - The. power Boce:
~ &or the ascea’s and descent az the dalp is pwovmaé either. by
the women or by animals.. Hemally & camel or oW cta used for
the purpose under the oupervisica of the farmer. 1
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culvert is constructed frem the well head down at an shngle of
35440 degrees to & length exactly coemensurate with the depth -
of the well. Dlovement of the tracticn animals down this
enlvert raip cases the burden of raising the full container,
and the.éa].gis empty during the sscent. The water brought to
the suxfece by the falu is ted into a stovsge tank whieh dies”
&im’lgside the wellehesd. " ‘ ‘ '

 The simple method of water veising, which is characterigtis
of several of the oases of Fegzan, much of Cyrenaicm, snd $s
found in coastal sress of the Gulf, is tedicus and yields low
quantities of water; nevertheless, &t éoes provide g relisble
source of water for irrigation in the Xittorsl aress of Tripelds
‘tanie. We moy list the cthey. sﬁvauzages possasced by the gali
- a8 feligusi

(1) '.Ehe mezstrneture of the well may be maved £froh one
, e to the nm as otcasion demam’i

iai) mhe mlieitg of the mechanism gnables mi:___; oirauing
to be supervised by 2 child er womsn, thus al 2
zhe fayuer freedon o continue mth h
- proeblemg in ‘the fields.

g;’ %3 ﬁg&a and othey m m

ec . cheaply, since most of the gtuce
ture cen bo Bullt or nade by members of the Holsehod
| {4%) The low ouk-lay necessitated by the galy

running coghs of the system sre further factoys wihie
?maace the positicn of the galu in mﬂigmm

'

e mre pressing

11

B.e’aicula%ion prae't;ic:e on Arab farms has téad to m |
- more diverse &8 tha pmeess of econonia growth has gatw
 momentum;. the inﬁumce of Italian 1deas and machincry has
 treught an dnere teeimiques within the scc







- Eplegna eltey She ease of

the indigencus Farmers. The mde»spread method of watéy
éistribution employed in the cases of lisuretino is the teadi-
tional *gedula® system; in wh&.ch #iso0d irrigeeian ie gﬂi&eﬁ W
‘arall, metre square plois, which have been prepared for eﬂlﬁﬁ-
tion. Depending upon the gradient of the lend, the water my »
be fed throngh seversl gediila lying laterally to the main 1reiga-
tion chantel leading from the storage basin alongside 1o vells
The oub-put of gdalu wells is known to be low e ash o
#&é sysi;ems of uater raising. The main f&&tﬁr Aitng
the a'ate of wiﬁhdrawal is the depth of the wallg and tMs ﬁh@
- Yength of aulvew down which \‘:he power animal mist d!:ag the
vopes sttached o the dalu. In the same combext, vmum sn"
the effidlency of vAthirauel arise throngh the use of different
eningls; donkeys tend to be better in this pespect tnéu ameds
or Cous, Belognatsm estimated %hat, for a weil of 25 ptEe:
ﬂepth, aach 1i2€ reguires mughly cne minute ﬁft:y sqcmds W.th
e dsls of 58 litres aapacity, it mlﬂ be thmeticany msibla
to telse 33 dzlu in one haw, e? 1,93}-1- e&b&a mefi:res per aas,
end 1n gne year of 300 working deys, 54742 cubix metres. Im
$ecms of the dey-tosds, water needs of the farm, this qmti@
would ot be required, since i:zmgauiem is of necagsity
| ms stcasionslly. The essent&al faetor in the aituation, u'
that only 1 93.% cubic metres are aveilable cn any given da;,
hence the area of cropland i:hat ney be h‘rigatcd :Ls m&m.
Pouné “"‘we meﬁmﬁm, vhers the ymlt
to the cul

1tivable eres would be 1.?*39 netves, given the sbove

meci
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conditions of daln capecity.

Thus the greatest dissdvantzge associated with utilisation
of the dalu of water raising is the irherent limitation placed
upon the amount of winter, snd to a greater extent, summer
eropping. A measure of historical perspective must be brought
to bear upon the situation, since the out-put of the dalu was
adequate to meet the demands placed upon it by gelf-sufficient
farning. Subsistence farm operstors, a classifieation vhich
encompassed sll of the farmers of Misuratino in the era following
upon sdédentarisation, and which includes approximately 60% of
indigenous fermers at the present dey (¥ide Chaptexs 5 and 6),
are gble to draw water sufficient to irrigate thelr so-called
‘kitchen-garden'! and provide for their domestic requirement with
eodest nse of the dalu. As the agrarian econony advances,
increasing verietal specislisation aznd expanding production for
comnercial markets renders the dalu obsoclete. Nonetheless, the
position of the dalu water raising mechenigm must be assessed
in view of ¢the faet that it provided a well-tried, cheap and
simple means of exploiting the phreatic aquifer for a society
alien to sedentary farming snd unversed in techniques of a more
complex nature.

{b) 1}

The introduction of the diesel pump was assoclated with the
Italian sector of asgriculture in the pre-Wsr yeasrs. Since the
war, the use of diesel pumping methods has: gpread to the Aradb
farming economy on a large scale in Tripolitania in the aress
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of the Jefara. In large part, use of the diesel pump has been
confined to those areas where the second, semi-grtesian, water
layer is accessible to shallow bores. As we have pointed out
previously, the incidence of the semi-artesisn water table in
HMisuratino is limited to small areas in the oasesy recent
geological research in the Wadi Caam area indicates that the
gsemi-grtesian layer as it is known in the Jefaran arezs may not
exist at all in Misuratino. Certainly, the restricted extent
of the second water table, vhether it is an equivalent to the

sub-artesisn layer or not, has discouraged the use of diesel
pumping. The replenishment rate of water in the wells pierced
to the phreatic water table tends to be slow; in the Fisurata
district, for example, many wells c¢an be drawn upon only one day
in fivey; in Homs (ILeptis) ares, wells are normslly drswn one
day in three, by dalu wells. Thus, the installation of diesel
pumps in these areas would be inefficlent. In the Jefars asrea
of Tripolitania, the wells draving from the semi-grtesian layer
have a high rate of replenishment, hence the diesel pump has
proved to be g profitable investment in these sreas znd has
enjoyed g wvider distribution than in Mismratino.

In those sreas where the water replenishment rate in vells
is rapid; the efficiency of the diesel pump may be rated as
follows (after Bolcgna)(gh)z- In the case of a well, the total
head of which is 25 metres vith an out=put of 25 cubic metres
per hour, the pumping unit normally used in Tripolitenia would

" be a diesel engine of 5/6 H.P. with & KW power generator end an.
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electyic pump af'3/3§ H.P. In eight hours working; the out-put
from this unit would be 25 x 8 or 200 cubic metres; during
periods-of pesk load the daily outeput per hectare would be

800 cublc metres . 133 cubic metres. Thus, assuming the
cultivation of groundnuts, the eultivated area could be as large
as 15,030 éﬁuafe-meﬁres. Bologna tock the standazd rate bf

water application to groundnuts as 27,000 cubic metres of water
per 1} hectares duping the groving eycle. The performance of
the diesel pump in terms of area served surpassed that of the
daly by more than tenfold.

The diesel pump has increased in popularity in Kisuratine
in the years since 1951. At the present day, many commercial
faymers in the osses are adopting mechsnical water raising to
replsce the traditional galus in a Questicnmnaire Survey eonduct-
ed in the oases in 1960, of the farmers who were interviewed,
all those producing c¢ommercial crops reported owmership of
diesel pumps. %he grestest incidence of pumps was recorded in
the 8ghel El~Ahamed, where both the phreatic and sub-artesian
layers have rapid rates of replenishment in the well bores.

In terms of economic growth the position of the mechanised pump
is significant; as we shall indicate later, the demand by any
farm operator for a diesel pump usually signifies that organised
commercial feorming is underway on his farm. In concise form,
we may say that Increased varietal specislisation of cropping
tokes place during the phase of selfesufficient farming, a

tendency vhich culminates in occasional, fortuitous surpluses
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which are sold at market. Accelerating commercial asctivity
implies greater specialisation in c¢ash crops, most of which gre
summey grown and thus in need of more smple and regulay irriga-
tion. The strict limitations upon the outeput from daln wells
becomes insufficient to meet the water demands, and if the
norral processes of economic expension sre to take place, the
daju must be replaced by the more efficient dlesel pump. Further
discusgion of thé mechanisn of investment in subsistence and
commercisl farming is given in Chapters 5 and 6.

In summary it should be pointed out that:

{1) the ownership of a diesel pump generally signifies that
a farmer is committed to commercial production; the costs of
installation and maintenasnee are prohibitive under seif-sufficient
farning.

(ii) the intyoduction of diesel pumping is tending té increase
localisation of commercial cropping to those sreas where the
phreatic, or more ususlly the second aquifer offers a high
replenishment rate of water in well bores. At the present time,
the grestest number of pumps are located in the Sahel El-Ahamed.

(ii1) retieculation methods associsted with the diesel pump
follow closely the pattern of the geduls, which we have cutlined
in relation to the dalu well. As we shall indicate later with
reference to the direction of investment in the rural econonmy,
rationglisation of water distribution over the farm area does
take place during:bhe early period of commercial farming. This
process results in more expert usge of the gedulg system rather
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than its replocenent.
(B) , _

The sgricultural estate of lLa Valdsgno lies to the south-
east of Homs Village. Founded in 1938/39, the estate covers
some 1,864+ hectares of the lend sdjacent to the Oasis of Homs.
The 1rfigated area of Ls Valdagno totals slightly over 600 hec-
tares, two thirds of which is cultivated for field crops, and
the residue for irrigasted olive plantations. |

Electrical power for the pump system is generated in a
central power house owned and run by the estate mgnagement. The
pover units consist of one diesel of 379 H.P., one diesél of
250 H.P., and two aguxillisry diesels of 80 H.P. Power is fed out
from the poweyr station to the pumps associated with each well.

A summary of the distribution:net-work, the well depths snd related
data is given in Figure 35.

The out-put of the wells at La Vgldagno varies between 35
cubic metres per hour and 64 cubic metres per hour, the more
productive wells being situated in the southewest of the estate
immediately bordering the foot-hills of the inner steppe. The
siting of the wells was determined in lasrge part by the distribu-
tion of share-cropper farmsteads, since each farm is placed more
or less geometrically in the centrsl arez of the estate, and each
farm was provided with a well and pumping facilities.

Each well systerm is augmented by a tank reservoir of 150
cubic metres, from vhich irrigation water is distributed by means
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of underground pipes to the cultiveted areas surrounding the
farmstead. The piping system was originally of reinforced
concrete, but recent sections of the netework have been executed
with metal pipes. The use of subterranesn pipe distribution -
was intended to save the wastage 6f 1and that vas normally the
case vhere open canals were utilised, and to reduce water losses
inherent in the open csnal system. As we shzall point out later,
the underground pipe distribution of irrigation water tends to
be a heavy capitsl investmenﬁ, but one which can be made to work
efficiently on a large scale commercisl farming unit.

The initiel capital investment zt La Valdagno 1s not
disvlosed; it is clear nonetheless, that this type of develop-
ment is beyond the mesne of most of the indigenous farmcopepaters
in Fisuratino. The'succeSS of the Valdzgno experiment has
‘arisen through the unified control of irrigation equipment;
shotld indigenocus society exhibit the predicted tendency towards

co~operative development,; or should Government control of

development lead to large scale settlement estates the example

The politico~economic background of Italian colomial settle-
ment in Misuratino is out-lined later in the thesis (Chapter 4,
Pp. 310 )3 in the present context the gsignificant points of
note are as follows:-

. {1) The Italian Adwinistration in Iibys had embarked upen &
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scheme of mass colonisation of Cyrensice and Tripolitania in
the esrly 1930's. |

€1i) The main agent of colonisation was Enke, which was
empovered to develop the lands sequestrated from the Arabs for
the purpésss of rural settlement of peasant £armers,

(14i) The purpose of colchisation was essentially politicalj
the establishment of a lanf-based class of Italisn peasants was
intended primarily to stabilise the ares militarily mnd thereby
incresse Italian strategic influence in the Hediterranean (Vide
Chapter by p.30 ). '

£iv) The strong political motive behind colonisstion schemes
in Tripolitania resulted in a2 tendency to ignore costs of
construction and ultimate profitability of the ggricultural
holdings grented to settlers. Appraisal of land for develop-
ment purpbseéiwas'baéed largely upon the criteria of the speed
with whieh an estate could be comstructed and settled and the
number of individusl farms which could be built on the estate.
Thus it must be borne in mind that the estate of Tumming {(ex-
egispi) vas constructed because land reclamation and land settle-
ment could be effected rapidly and en a large scale.

&s we have mentioned previcusly, intensive exploration
activity in the 1930's %o establish the location and distribu-
tion of oil and water rescurces in Tripolitanis resulted in ﬁhé
discovery of ¢ deep artesian layer in the littoral steppe south
of Misurata. Development and reclamation of the Tummina and
Kararin areas was finished in 19%0; shortly before the ocutbreak
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of war in North Afries. It will be ef value to cutline the
estimate of water resources drswn up by the planners of Ente,

gnd the nature of technicel development of these resources in
the estates of Tummina snd Kararim. (1*)

Data from Water Rescurces Division, L.G.Jd.S.

: Data from Water Resources Division, L.G.J.S.

Fized residuum at 110 a litre grS. 3,290 .
Fixed residuun at 180 g litre grs. 3,070 )
~Chloyxide grs. 14200 -

Magnesium ges. 164
Caleiam grs. 270
Sulphates (SOy) 970
Total Hsrdness in Fr, Degrees 106

The water alse econtained traces of hydro»sulpb. gcid.
Data from Nuovi Centri Agricoli, 1938,(n“)

The water besring layers lie at a depth of some %00 metres
below the ground (Vide Figure 30). Table 13 indicates the
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variations of water levels from well to well throughout the
areé of the estates. The water level undep~lying the gone is
rully'amtesian, the water in each well rising to the surface
under its own pressure. Well One at 18 metres above 0.D. has
a preésure of 1.2 astmospheres and therefore s spout of sbout
15 metres sbove ground 1evel. The hourly out«puﬁ of wells is
shewn cn Table lhg‘ these figures compare favourably with out-
put of vells in the Jefara. It was estinmated originally, that
from the twelve wells drilled on the estates, there would be
an out-put of some 300,000,000 cubic metres of water, the bulk
of which would be aveilable exclusively for irrigation purposes.
During this early period of construction difficulties
arising through tﬁe nature of the water and the soil, both of
which elements exhibit moderate to large alksline content, vere

passed over rather lightly. From analyses of water samples

| ferived from the provisionsl borings at Tummina, it was eviéent
that 2 measure of care would be necessary in the utilisation of
water for irrigation. The results of the original water anélyses.
are presented in Table 15. Experience since 1940 has shown that
heavy irpigation applied to the rather 5a1ty soils may produce
locglised, snd even general concentrations of selts im the soil.

Italian propaganda of ¢he tire minimised the problenms

inherent in the high chemiczl content of the water from the deep
aquifers. The original plans for total irrigation of the tgrm
plots ﬁere‘put eside as the influence of salt concentrations in
ﬁhe soil became apparent. A system of staggered irrigastion of
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the field plo%s was introduced onto the Italizn farms which
involved a three year totation on smy given farm unit, in which
five heeteres were left fallovw each yeer.

 The distribution of wells st Tummina and Kararim is
1llustrated ih Figure 36. Wells were drilled to pernit each
well an exclusive withdrawsl gone of diametér one and a half
kilonetres to prevent over-withdrswal from the wvamter bearing
strate and the consequent danger of in-geepage of sea uater;
In fact, several of the wells which were constructed during the
early pericd of development proved to be dry and secondary bores
vere sunk in their vicinityy the distribution of wells both
flouing znd dry is illustrated in Figure 36. The well shafts
sre drilled to an internal diameter of 280 mms. and are cased
withzéteel tubings; Italian publicstions of the period put the
yield of the wells at Tumming st 360 cubic metres per hour, 2
figure which varies slightly according to the altitude snd the
location of the well bores@(lh)

Reticulstion of the waters is arranged by means of a canal
systen vhere the lie of the topography permits. The use of
open concrete canals has the advantzge that seepage is reduced
to a minimum; on the other hand, evaporation from the weter
su:faces in the cansls results in gppreciable water losses.
Each well on the estate is equipped with an independent canal
netsvork fed from a concrete reservoir tank slongside the head
of each well. The flat to slightly undulating nature of the
teprain alloved the use of gravity irrigation throughout much
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of the Gistribution systems. In the western margins, a mixed
distribution system of gravity snd underground tubing is in use,
since the land surfasece tends to be more irregular.

The farm units in the centre and east of the estate are
served Dy open canals leading from the central rGSGEVGirs on
the following patterni-

{i) Prineciple c¢anals with a cross section of 0420 square
mebres and a gradient of 0.50% . The canals are comstructed of
reinforced concrete casts, jointed vith a mixture of cardboard
and bitumenised cord at intervals of six metres. The eoncreie
blocks are raised on reinforced concrete supports spaced at
three metre intervals. The principle earnals link up the well
heads and the reservoir tanks and also cénvey the water to sll
the fayms on the‘egtate along one bordepr of each farm. The
length of primary canal serving any one well vsried accoyding
to the loestion of the farms; for Well One st Turmina, it is
recorded that there are gbout 3,000metres of primayy canal
serving sone 32 farps.

(ii) Secondary canals are constructed of exactly the same
msterials as the primspy systez although in this case, the
dimensiong are less, the section being 0.08 square metres and
the gradient 0,50% . For UWell One at Tummina, 10,000 metres
of secondayy canal were necessary Yo distribute the fiaw from
the principal netework.

€iii) The tertiary casnals have a capacity of one third of

the secondary systen, having a section of 0.03 cubic metres.
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Construction of the tertiary casnals appears to have been done
with the use of clay and plaster, roughly shaped and mounted
on carth banking where it forms a junction with the secondary
systen. It was planned that the tertiary canals should serve
irrigated strips of 60 metres en each flank, the distance
between each canal being some 120 metres. There are about
20,000 netres of tertiary canal associated with Well One at
Tummina, of which the greater part is still in every=day use.

(iv) Final reticulatieﬁ is effected by means of the geduls
systen, wvhich we have-described with reference to Arab systems
of irrigation in the oasis zreas of Misurztino. In general,
the Itzlian farmers tend to utilise a larger gedula of & metres
by four metres rather than the smaller indigenous plsn of &
square metres or less.

{v) A small number of the wells a% both Tummina and Kearerim
utilise an integrated systen of open canzls and underground pipes.
It is significant that agricultursl asreas served by this type
of distribution net~work have been amongst the first to be
abandoned. The subterranecan tubes have tended to corrode
rapidly and thus have reduced the officiency of the system. At
Lz Valdagno concession, where central authority is responsible
for maintenance of the cepital installations, underground
piping has worked wells; &t Tummine and Kararin, where authority
is more deecentrelised, the net-work has been neglected znd has
£a2ilen into disrepsair.

The exploitation of the artesian water resources by the
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Italien colonial admipistration has been g teechnical suceess,
notwithstanding the localised problems associsted with increasing
salt content in the soils gnd the variability of yields of water
from the wells serving the estates at Tumming and Eararin, (29)
The experiment has shown that the artesian waters can be made
to provide a satisfactory basis for agricultural development in
the steppe regions of Misuratino. Assessment of the value of
artesien waters in terms of indigenous agricultural growth is
confronted by several underrmined factors which may be listed as
followssi~

(a) The nature of the indigenocus ecomomy in rursl areas of
Misurstino, particulerly the absence of any monied or lsnded
¢lass of proprietors appears te rule out the possibility of
private development of artesisn wells. Im the Jefara of
Tripolitania, exploitation of artesisn resources is in the hands
of Italian, Tunisian aﬁd Palestinian operatorsy Libyan partici-
pation in large scale dovelopments has been insignificent -wicreo
gxk%’bs ggégae{nangaescogggicbgee%elg;gllé%% iisn ev%insaai'tei I;'oe’talzvg;é et‘han
in the Jefaren areas. Thus, we may say that private reclamstion
of steppe lands and development of artesian resources wiil
remain outside the scope of the Libyan agricultural economy in -
the foreseeable future.

(b) A discernsble tendency towards rural depopulation is
operating in the cases of lisuratino at the present day. This

tendency corresponds with the gemeral acceleration of eccnomic

growth within the area, & feature vhich we shall discuss and




-137-

enlarge later in the thesis. Successful Arab farmers are
expanding their oasis possegsions in the Pertile areas such as
the Sahel El-Ahamed; ot the other end of the seale, the rural
labouring class is gravitating towards the urban areas, particu-
larly towards Tripoli.

(c) Thus, we are faced with the dilemms - private development
of the artesian waters is umlikely, therefore Governmental
developrent will be necessary if the resources are to be
exploited. From point (b) it is sppavent that such development
by the central suthorities would meet with the problem thet
only poor snd indifferent farimers would be available to populate
the newly reclaimed lands of the steppe. As we shzll see later
in reference to the Wadi Cgam Reclamation and Settlement Project,
development schemes eateyring exclusively for landless labourers
and poor farm operators are unscundly based.

(d) The difficulties of reesecttlement of Arab farmers on
modern farm units sre more fully examined in Chapter 6, p. 668.
In the present context we should note that the existing estates
at Tummina and Ksrarim have been partly abandoned by their
Itzlian owners; in very fev cases have these farms been taken
over and utilised in a rational mammer by the local Argb peoples.
This does not appear to be an aguspicious omen for further
develcpment in the steppe areas.

As a summary of this assessmenty we msy say thaet future
trends in economic growth, augnented by the sprezd of rurel
education snd sgricultural extensicn activities may bring the
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level of indigemous agriculinre to z positicn vhere the exe

Italian estates and other major or supplementary reclamestion
schemes may be absorbed into the over~all pattern of gyowth.
(Vide Chapter 6, pe679 ). Whem this stage is reasched, the

artesian waters of Misuratino will becomes importent in terms
of Arab sgricultural exploitation.

ab_Development st Wadi Caam.
The Wadi Casm -« Reclomabion and Settlement Scheme offers

a case study of Government development of water resources in

Misura%ino. In the present study a conecise analysis of the
Setilement will help to elucidate the problems vhich have been
mentioned in the preceding section of this chapter, and will
serve to outline the techmical bagkground to modern developnents
in Tyipolitanisa.

The Wgdi Caam Scheme conprises some 270 hectores of land
in the vasis gone adjoining the Sghel El=fhsmed. Each farm is
made up of ftwo irpigated plots of two irrigated hectzres gross
(1.64+ hectayes net), part of which is taken up by & small two-
roomed farimhouse. The plots of each farm are separsted by &
iaﬁeral iyrigation éitch.

Three main canals distribute the water from the pumping
gtations alongside the natural reservoir at the mobth of the
Wadi Caan, where the spring out-let from the phreatic water
table emerges through a fracture in the calcrete layer. The
main canals are raised to a level of three to four metres sbove
the general ground surface of the estate, and their one metre
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breadth inner channel is lined with a compound of caliche,
gypsum sand end cement. Water is fed out from the nain
transverse canals by gravity to a series of lateral secondsry
canals (Vide Figure 37). The final stage of reticulation is
achieved éhraugh minor ditches leading from the latersl canals
across the farm plots. The main canals were built to carry up
to 800»1000 cubic metres per hour;y the laterals have a capacity
of 200 c¢ubic metres per hour. The lateral canals draw from
provided withosubsidiary ditches st intervals of 100 metres.
Some 3,850 metres of main canal and 21,000metres of lateral
canals have been constructed to serve the estate.

| The water pumped from the wadi tends to be saline in nature,
but is no more saline, in fact, than the waters used for irriga-
tion on the Valdsgno Concession near Homs; in the oasis areas
of Zliten and Misurasta water with a much higher salt econtent is
used for irrigation. Three pump houses have been installed

to raise the water from the wadi reserveir to the main canals,
although it has been found that the total wvater requirecents of
the estate may be met by two pumping stations. EKnowledge of
the spring is incomplete, and at the outset it was thought
necessary to construct concrete reservoirs at the head of each
punp 0 hold the accumulsted flow from the off-set wells adjacent
to the wadi. Experience has shown that the natural rate of
wvater replenishment in the wells exceeds the drawing capacity

of the pumps at the well head, hence the storage tanks have been
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dispensged with.
An estimate of the carrying capacity of the irrigation
vorks at the Wadi Caam Settlement is suggested as follows:w

Capecity per csnsl per hour 800 cubic metyes
per day ' 194200 n
per week 1dk,400 ¢ n
per year 639684806 " n

Pamp capacity closely corresponds to this fotal. The mesn
gmnual amount of water aveilable per farm unit is sbout 704,000
cubic metress which allows irrigation eof ail the cultivated land
of the estate umder a double cropping system. Those farmers who
have been sufficilently advanced in their outelock and technigues
of farming have been able to exploit summer crops of vegetables,
groundriuts and alfalfa with excellent market returns; it
should be added that summer cropping on the estate is confined
to only a dogzen farm operators. The social and economic backe
ground to the settlement and development of the estate is
described in greater detbail elsewhere,(35) but it is relevant
to note here that the poor aptitude of many of the setilers on
the estate for sdvanced farwing has contributed more to the
problens of management of the Settlement than difficulties
arising fron the nature of the retidculation system. It may be
said that the fixed net-work of open canals has proved costly,
somewhat inefficient and does not appesr to offer a2 sound basis
for future development schemes; as we shall see later under
hesding (E) following, development at Wadl Caam has been more
expensive than ecomparsble Itglian Schemes in Misuratino.



The earliest of factual statements upon the costs of water
resource development may be ascribed to the British lMlitary
Adninistyation Beport.(2h> Since that time, several more
detailed exzminations of the development of irrigation facilities
in Tripolitenia have been published, motably by Hi11‘9) ana
Bblegnac34). We shell not attempt to repeat the work done by
these writers; for our present purpeses it will be pertinent
%o discuss the essential characteristics of cost schedules for
each of the different types of system we haeve recognized, i.e.
Daly and Diesel Pump in the easis avess, and artesizsn end surface
suppliés in use st the Tumminz and Wadi Caam Settlements
respectively.

(i) Zhe Dolu.

The most comprehensive assessment of costs made Loy both
the gggg'and the diesel pump used in Arab asgriculture in Tripo-
1i£ania is that prepsred by Boiogna.(Bh) The figurés used in
headings (i) and (ii) of this schedule are taken from Bologna's
work. DBologna estimsted that the costs of the dalu could be

geecounted as follows:-

Lining £L 50,000
Casing £L 30, 2600
Eppes, ete. £L 1@,000
Construction of reservoir aVera e
20 cu. nm/z.) £L 40,000
Pwo cows for traction £L 50,000

Concrete channels at a rate of 225 metres per hectare.

The taleulation based on twice the cropped ares to take
eccount of the normal votatior onme yeéar culitivatien,
one year fallow used in indigenous agrieulture.
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Bologna estimsted thet 64+:79 metres of channel
would be required for an average farm unit.

Costing based upon 15 hectares per metre. £L  _9,700
Total 189,700
6% interest on the invested capital £ 11,380
Mgintenance, amortising the well, reservoir
end channels st 3% £L 4,190
liaintenance of two cows £L 60,000
Amortising price of cows at 10% £L 5,000
Iabour: 150 days at 15 plastres/day £L 22,500
Replacenment of ropes and daln £L 5,000

The figures represented in this assessment of costs are
purely 'secountsnts workings' snd must be treated with care.
The mechanism of capital investment during the period of'sezﬂn
sufficiency tends to be through the application of lgbour and
money over a long peried of years, usually encompassing the
accunulated results of several generstions' investment. Thus,
the allotments under the preceding sehedulelfor aportisation of
capital are nonwagpplicable to the economic gtmosphere in which
the dalu system is meintained. Similerly, a self-sufficient’
Larmer would not need to purchase animals for traction power;
as we shall see later, the livestock holdings of selfwsufficient
farn units are larger then those for commercial forr units im
Misuratino. Pregsing the point further, it may be observed‘,
that labouk costs necessitated by the dalu are not sppreciated
by self-sufficient farmers; unpeid family labour is used for
these t?sks. Nonetheless, the absclute terms presented by
M)

Bologna have the great value that they offer a basis £or

comparison of different systems of water raising (Vide Table 16).
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(ii) The Diesel Pump.
Bologna suggested the following estimate of costs for
irrigation plant.

Well=head with cement shell £L 120,000
Drilling with steel pipes £L 150,000
Descending steps £L 15,000
Bngine group complete vith electric pump £L 420,000
Galvanised pipes for suction and foreing £L 38,000
Reservoir of 80 cu. metres £L 160,000
Conerete canals £L 101,000
Installation of the fittings £L 50,000
Total £L  1,0%,000
Runnine cogsts and meintensnees- _
6% interest on capital expenditure £L 634240
Maintenance, amortisation of the well, |
veservoir, chennels at 3% £L .%3,930
Anortisation of the motor rump (20%) £L %4, 000
Repgivs to wmotoyr pump (10%? £L 42,000
Fuel for a 6 H.P. motor £L 27,6%0
Lubrication £k 3,880
Total £L 236,470

The preceding figures suggested by Bologna tend to give
over emphasls to the scope of czpital investment om Libyan fafms
using diesel pumps. In Misurstino, the writer found that
plccemeal investment was more generally the rule then nass
investment in a complete installation. Thus, most farmers
purchase the engine snd pumping unit initially; <thereaftep the
euxilliary equipment is installed as the availability of eapital
allows it. The average value of pumps and accessories in
Yisuratino os returned by & Questionnaire Survey conducted in
the comporent oases of the region, revealed that most £armers
elaimihg ownership of diesel pumps had invested between £L 600
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and £L 700 in the installationy this contrasts markedly with

the comprehensive figures suggested by Bolognan(3u)

(iii) Costs o
.Full figures covering the costs incurred during the construc-

ticn of'the estate at Tumming in 1937/38 are difficult to

assemble, partly because estimates vary, and partly because the

detailed sccounts of expenditure are not svasilable in Iibys.
The following figures of costs at Tummina ere drawm from the
estate office at Tumming with the permission of the Capa Zonai-
Original cost of the wells £L 35,000,000

Cost of the pumps, 12 at £L 1,500 £1 "7 18,000
Original cost of the reticulation netework £L 50,000,000

Total  £L 85,018,000

Running costs and meintenancese Total £L 17,094,000

.

The ealculated total investment and running costs for Tummina
estate are re~adjusted to allow for inflatiocn which hzs affected
the currency since the war. Thisre-adjustment enables ready
comparison of cost schedules in Tazble 16, but it must be borme
in mind that the operation of inflationary tendencles in the
monetary system has considerably reduced the debt of Italian
farmers working farms on the settlement. Costing for the water
installations and their maintengnce at Tumming rgpresents a more
accurate picture of the sitwation than similar figures suggested
for indigenous farming under headings (i) and (ii) above, since
all investment and construction activity st Tumminz vas made

within the same peyricd of time rather than haphazasrdly over an
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indefinite period, as is the case with indigemous investment.

(iv)

Detailed statements of the costs of éeveiopment at Wadi

Caam are not available, since they are 'elassified’ information.
it is to be hoped that these acconnts will be open to public
inspeeticn in the near future; without them, accurate
evaluation of the viability of the Casm estate is made exceed-
ingly difficult. The present figures are tzken from an End of
Tour Report by R.H. Lewls, vho was Chief of Agriculﬁure'and
Natural Resources Division United States Overseas liission to
Libya, ond who was concerned with the formation of the Project
during the~mid~1950'sa(36)

Estimated Costs of Irrigation Developmenf

Non-expendable eguipment £L 28,000,000
Irrigation development £L 93,000,000
Other reclamation operstions £L 32,000,000

Total £I 153,000,600

The non-expendable equipment was later poved to other schemes,
the only chavge against the Caam Project being for depreciation
and paintenance.

Running Costs pnd Mainfenan

Charged to farm operators Total £L 34960,000
6% on Capital invested £L 7 500,000
Haintenance ¢3%) £L 3,790,000
Bstimated running costs, nainte-

nsnce znd gmortisetion of

pumps £L 1,000,000

3]

Total £L 16,210,000
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Under the headings above we hsve included only those costs
vhich ave knowns ¢there must remain a considerable eleument of
expenditure which is not recorded in the ordinary budget. The
expense incurred during those periods when sez walter intrusion
into the Wadl reservoir necessitates re-comstruction of the send

bar at the mouth of the wedi must be considerable.
(v) SOIUARY - SCHEDULE OF WATER COSTS

Dgly Systeml 189,700 108,070 19.1%
Diesel Pump1 104,000 205,170 133400
Turming? 622,000 46,200 200,00
Oaan3 445,000 33,000 60.00

1 - Data from Bblogha, Lo, (3%
2 -~ Data from Capz Zona and B.l.A. Report 19%9. (24)
3 - Data from Leuiséeg.ﬂ.(36) and lir. Morrison, Mansger Wadi

Allaﬁgggﬁgé'éﬁjnstzé to current values.

The data contained in Table 16 indieates clearly the
gfficiency per capital investment of the various systems of
water raising and distribution used in Misurstino. An cbyious
division arises between the non-commercial galu system apd the
ecmmeréial methods employed in the aress the disparity in costs
per cubic metre of water in the field is reduced scmewhat by
the following considerations:-

(a) Self-sufficient farmers do not account the labour,
since this is provided by the f£amily. ‘
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(b) The nature of investment in self-sufficient farm units
eliminates any real costing for amortisation and interest
on investment in the sense that they are not appreciated
by the farmer.

(¢) Bhe transition from self-sufficient farming to commercial
operations is a gradual evolutionary process, as we
shall demonstrate later in the thesis (p. 535). Thus,
Arab farmers at a commercial level invest only in the
most necessary components of the mechanical water raising
equipment.

Both the agricultural estates exhibit substantial reduction
in costs over the small private systems, both in respect to the
initial capital investment and maintenance required and also in
respect to the cost per cubic metre of water in the field. This
tendency is confirmed by experience at La Valdagno estate,
where the cost of a cublc metre of water in the field is estima-
ted by the farm managers to run at about 2.00 millikmes. Of great
significance is the faet that in terms of costs alone, the
exploitation of the artesian water resources of Misuratino is
proving more efficient than exploitation of the more accessible
first and second aquifers.

We have discussed the relative merits of water raising
systems with sole reference to conditions in Tripolitania.
Mention has already been made of the fact, and we shall examine
in further detail later, that the successful development of the
agrarian economy in Tripolitania will depend upon the advances
made towards export of agrifulturel produce. In the light of
this question, it must be asked whether costs in Iibya are of
the order to permit entry into a competitive world market. The

following points are the key factors in the situation:-
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(g) the export of agricultural produce from Tripolitenia is
currcently exceedingie million pounds each yesr.

{b) there are large scale fluctuations in annual exports of
each crop; Ghe ILibyan producers have failed as yet to establish
Piym mepkets abroad.

{c) the important exporters in Tripolitania are those who
have large farm units under their control, particularly those
exploiting the artesian water resources. This includes both
indigencus and alien farm operators.

{Q) The Avab commercial farming class hes adapted itself
well to the market conditions prevailing during the export boom
of recent yearst nonetheless farmers of this kind represent a
significent dilemms, since, using diesel pumping from the second
aquifer, their productiocn costs ere high. After the presemnt
boonm in exports has finmishedy it is possible that thelr
conmercial effort in the export field will decline as production
becomes marginally economic.

(e) The dglu system of water raising has played sn importent
part in the early development of indigenous agriculture in ths
oases. In recent years, particularly since 1951, strong trends
of grovwth, signified by increasing movenent btowards commercial
agriculture, have rendered the gdsln obsolete. As we shall see
in later discussion, the msjority of farmers in Misuratino make
use of the dgly system; nevertheless, it is spparent from the
changing pattern of land use (Chapter 5) and the imcreasing
interaction of commercial activity in Misurastino, thst the dglu
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may be expected to disappesr from the oasis lsndscape in the
near future.

The factors we have mentioned indicate, that the position
of irrigation in the framewerk of Libysn agrieunlture is a vexed
one. Hill, B.¥W. has demonstrated that irrigation is becoming
more wvide-spread and more intensively useé in the Jdefavan
regions of Tripolitania.(9) The meehanisn of economic growth
operating in lisuratine is closely associated witn the extension
of mechanicel pumping of water (Vide Chapters 5 and 6). Thus it
nust be accepted that water costs in Libya are not an insurmount-
able barrvier to successful export of agricultural produce in
present markelt conditions. an impogtant effect produced by
the impact of the necessity of Tripolitsnisn agriculturalists
to export their goods is to be seen in the changing pattern of
land utilisation in the area (Vide Chapter 5). Commercial
ggricnlture is tending more and more to concentrate in those
areas yhere bulk quantities of water asre readily available to
mechaniéal means of water raising. In Misuratino, this tendency
has enhanced the value and intensified the utilisation of the
Sahel EleAhemed and the more fertile pockets within the Gases of
Zliten end Misurgta.

(.JS) Summary -« Hydro-Apriculd
We may summarige the situation with vegard teo hydro-

sgricultural development as follousie
(1) liodern indigenous development of water resources is

following & complex course of evolutiom towards more intensive
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use of irrigstion, In Misuratino, this movement is mainly
concerned with those resources availsble from the phreatie
aquifer.

(i1) The exploitation of watersdf the artesisn basin of
Misuratino represent a new phase in sppraisal of resources_in
the region. Their vélue hzs been proved by Itaslisn occupstion
gince 1938; st the present time social and political factors
bearing upon the ufilisation of the Itallan estates pnﬁs the
foture of this new resource in jeopardy.

(iii) The dominsnt theme emerging from this anslysis is the
parshount influence wielded by the distribution of waber supplies;
the constant physical elements of the lzndsecape tend to be
influential only in terms of their cffect upon the distyibution
and accessibility of water supply for sggriculture.

(iv) From the fore-going analysis in this chapﬁer it will be
apparent that the bslance of water supply: must be seen in three
vayste

(a) the dificlencies of mstural precipitation, which we
out~lined in the previous chapter, sre 'compensated' for by
aveilsbility of secondary water rescurces, particularly the
reserves of the phreatic and arteslan aquifers. Frcm both these
water bodies appreciable, but not unlimited, supplies are
a%ailable for domestic and irrigation purposes. In tsrms of
regioval variation, conditions for exploitation of these
aquifers are optimun for the phreatic water table in the Szhel

El-dherzed, snd for the srtesian layer in the reglon of Tumming-
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Kararim (Vide Figure 30).

(b) Ho final or suthoritative statement on the distribution
of water resources will be possible until furthey systematically
compiled date becomes svailable. This refers especially to the
deep aguifers.

(¢) Commercial utilisation of the watbr resources present
in Misuretino by both indigenous and alieﬁ agriculturalists
indicates thet exploitabion is profitsble in present conditions,
in gpite of the varied problems griging from the nature of thé
physical environment. Exsmination has showm, nonetheless,
that irrigation in Misuratino is a high cost operation; under
boon conditions in the export market for olive oil and groundnuts
commercial irpigation sctivity has expended; the problem
remaing, that small contractions in the quantity of internmational -

trade tend to have large scale results upon the prospeﬁity of
‘cemmercial sgriculbure in Misurstino. In this climate of
uncertainty, it is unwise to impose any rigorous conclusions
upon the ultimate profitability or unprofitability of the water
supplies of Misurstino.

In this chapter we have hinted thst the relastioamship between
the varying wobter resources and the human soclety in the ares has
beer underegolng a farereaching change in the last hundred yesrs.
In particular we have suggested that the proeesses of economic
growth in terms of both nstionel and regional units have brought
nev concepts to bear upon the adaptation of soclety to the

physical environment. In the succeeding chapters we shall



analyse the nabture of society and the structure of the economy
snd its evolubtion in relation %o the paramount theme of the

environmental situation - aridity.






