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The Arab Center for the Studies of Arid Zones and Dry
Lands (ACSAD) was established in 1968 as a specialized
inter- governmental organization working within the
framework of the League of Arab States. ACSAD Started
its activities in 1971 to carry out applied research and
studies related to dry agriculture and to offer training
opportunities to Arab cadres and others to be capable of
studying the state of the dry agriculture and monitoring the
problems that hinder its development.

ACSAD has given special attention to transfer the
knowledge and technology to the Arab countries through
the publication of the results of its research and applied
studies. ACSAD, being strongly convinced of the
importance of the continuing contact among researchers
and the activation of cooperation at the Arab and world
levels, it launched the Arab Journal for Arid Environments
as a scientific and refereed periodical. This journal is
concerned with the dissemination of the results of original
scientific research and also technologies related to the arid
environments, renewable natural resources, biodiversity,
sustainable management, conservation agriculture, soils
and water, plant resources, animal wealth and also the
socio-economic studies and fundamental and applied
sciences related to desertification and its effects.

The Editorial Board is pleased to present the Journal
to the readers who are interested in the development of
agriculture in the arid zones and dry lands. The first issue
of the first volume of this periodical includes a number
of original and creative researches related to the arid
environments and their natural resources.

The Editorial Board would like to thank the researchers
who contributed to this issue and also the referees who
evaluated, criticized and corrected the published articles.
We are looking forward to having more contributions for
the next issues and we will be pleased with the readers
remarks and suggestions which will improve the Journal
and help to sustain its continuity.

God bless you, Editorial Board
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ABSTRACT

A total of 7008 records of Awassi lambs, collected during1987-2005 at the Scientific Agricultural Research Center
in Salamia, Syria were used to determine the genetic parameters and factors affecting body weight at lambing (LBW),
weaning, 60 days (WBW) and at 180 days of age (MBW) as well as the growth rate of these lambs from lambing to
weaning (GR1) and from weaning till marketing age, 180 days (GR2). Data were analyzed by the Least Squares Method
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and Maximum Likelihood Function to determine the effects of some genetic and non-genetic factors affecting those
traits. Harvey program was used to estimate some heritabilities, genetic and phenotypic correlations (r, r;) on the

studied traits of Awassi lambs.

Results showed that the overall averages of LBW, WBW and MBW were 4.76+0.01, 16.56+0.07 and 32.37+0.01 kg,
respectively and the averages of growth rates were 196.88+1.03 and 129+0.76 g/day, for GR1 and GR2, respectively.
The differences among the sires, birth year, type of birth, sex of lamb, and lambing month were highly significant
(P<0.01) on all studied traits. Ewe production line effect was significant (P<0.01) on LBW, WBW, MBW and GR2 but
with p< 0.5 on GR1. The effects of parity and ewe weight at lambing were highly significant (P<0.01) on LBW, WBW,

MBW and GR1, but not on GR2.
Estimates of heritability were 0.24+0.04, 0.51+0.05, 0.85+0.06, 0.61+0.06, 0.89+0.06 for LBW, WBW, MBW, GR1

and GR2, respectively. Also the prediction of genetic and phenotypic correlation between the total studied traits ranged
between -0.11 to 0.99 and from 0.07 to 0.97, respectively.

It can be concluded that performance of growth of the Awassi lambs in Syria was affected with sire and non-genetic
factors. Genetic parameters among all the studied traits with weight at 180 day were moderate to high. Therefore weight
at 180 day (MBW) could be considered as a good indicator of genetic selection for the improvement of the Awassi lambs
in Syria.
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ABSTRACT

Atotal of 1140 manure samples were collected from rectums of 99 sheep herds during the period of 2001-2002 in
the area of Wady Al-Azeeb in the Syrian province of Hama to study the effect of production system (migratory and

sedentary systems) and the studied years on prevalence of the gastro-intestinal parasites and their species affecting
sheep. The worm eggs were examined by using the flotation test.

Results showed that infection with Emiria Oocysts, Nematoda and Moniezia was significantly higher (P<0.05)
during the two years in the migratory system, MPS (92%) compared to that of the sedentary system, SPS (86.6%). The

infections with Nematoda, Emiria Oocysts and Moniezia during the research period were 70.61% , 60.90% and 15.10%
respectively.
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The results also indicated that infection with Marshallagia and eggs of differential Strongylus was higher (P<0.001)
in the migratory system (42.25% and 50.23%) compared to that of the sedentary system (34.66% and 30.66%) .
The differences in the prevalence of the gastro-intestinal parasites between the two systems were not significant for

Nematodirus, Emiria Oocysts and Moniezia during the research period.

Comparative analysis indicated that there were significant differences in the worms of Moniezia eggs diagnosed in
the manure of sheep during the two study years under the MPS, SPS. Their parasites were estimated to be 18.24% and
25.00% versus 11.11% and 10.00% in the 2" and 1% years under MPS and SPS respectively. However, the percentages
in the second year were higher (p<0.001) than those in the first year (18.67 vs. 11.02).

There was no infection with Strongyloides, papillosus, Trichuris or Skrjabinema Ovis in the sedentary system. The

infection with Emiria Oocysts reached 60% in the first year and 61.65% in the second year.
It can be concluded that there is a significant effct to the migratory system on the prevalence of the gastro-intestinal
parasites in Awaasi sheep. Therfore, sheep flochs have to be treated against these parasities, otherwise. their production

performance will be reduced.
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ABSTRACT

This study was conducted at Forat Agricultural Center in Deir Ezzor during the growing season 2003-2004, to evaluate
the response of some durum wheat landraces to limited water conditions through various plant growth stages (Early
growth, tillering to jointing and heading to flowering).

Results indicated that water stress caused a reduction in all investigated traits and an increase in the ratio of the
solute leakage through cell membranes under water deficit conditions compared with the control (non-stressed) of all
investigated landraces, during the three studied growth stages.

In general, the evaluated landraces exhibited a significant genetic variation in their response to drought stress. Drought
susceptibility was increased with the advancement of growth and the flowering stage was comparatively the most
sensitive to water stress.

Number of grains per spike was correlated positively with spike length and negatively with peduncle length. There

was a negative association between grain number and 1000-kernel weight, which in turns proved to be determined by
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the sink size rather than by the source size. Number of grains per unit land area was highly correlated with the number

of grains per head, total tiller number and the ratio of fertile to vegetative tillers.

The physiological parameters, such as relative water content and membrane integrity can be considered as important

drought-related traits with keeping the production capacity of the drought-tolerant genotypes under limited water

conditions.

It was found that the landraces Jorjate, Hourani Ayubia, and Meskalawi were highly drought-tolerant and can be used

as parents in the wheat breeding program for the improvement of drought tolerance of durum wheat.
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ABSTRACT

The study was carried out in the Southern part of Iraq (Basra governorate), during the growing season 2002. Six
date palm trees from the Barhi cultivar were selected and fruit samples were weekly taken from the beginning of the
fifth week after pollination till the full maturity of both the seeded and Parthenocarpic fruits, to estimate the activity
of invertase and cellulase enzymes, and determining their role in the growth and ripening of the fruits. The required
extraction solutions were prepared, and the invertase enzyme activity was measured by spectrophotometer, while the

cellulase activity was assessed using a standard curve.
Invertase activity was not observed before the 15" week after pollination for the seeded fruits and 17" week for the

parthenocarpic ones. The enzymic activity was estimated to be 54.68 and 45.95 unit kg fruit fresh weight respectively.
the highest enzyme activity occurred after the physiological maturity of both the seeded and parthenocarpic-propagated
fruits (1314.12, 1148.86 unit kg"' min.” fruit fresh weight, respectively).
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The cellulase activity started during the 13" week after pollination of the two types of the fruits. It was estimated
to be 20.31 and 20.05 unit kg min." respectively. The highest activity of this enzyme occurred during the 19" week
after pollination (118.29 unit kg"' min.") for the seeded fruits and during the 21% week (118.78 unit kg min.") for
the Parthenocarpic fruits. The activity of the two investigated enzymes decreased during the ripening stage, but the
invertase activity was significantly higher in the seeded rather than the parthenocarpic fruits. Cellulase activity showed

no significant differences in the two types of the fruits.
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Rules of Publication in the Arab Journal
of Arid Environments (AAE)

The Arab Journal of Arid Environments (AAE) is
a scientific refereed periodical that is concerned with
creative, original research and studies of biodiversity,
desertification, rangeland management and different
agricultural sciences related to arid environments. For
publication, we accept scientific research and original
results put in short studies; revised works; reviews and
critiques of important works and studies; scientific
presentations sent to us as commentaries on scientific
research published in the journal; and recommendations to
develop research in an agricultural field of specialization
related to environment (around 200 words). Authors of the
above must conform to the following rules of publication:

1. The material sent to be published must be original, not
published before or sent to another destination for
publication.

2. The languages of publication are: Arabic, English or
French. An abstract of the work sent for publication
should be enclosed, too. The abstract must be written
in one of the above mentioned languages, and it should
be in a language other than that of the work.

Submitting Studies
for Evaluation and Publication

1. The material to be published must be typed in two
columns, using one side of 210 X 297 mm paper (A4),
leaving a 2.5 cm blank area on all four sides. It must
also be set in Microsoft Arabic Word and copied on a
CD or a 3.5 inch floppy. It can also be emailed at the
email address below.

2. The author (s) must complete a deposit form.

3. The Journal’s Editorial Board has the right to return
the work for improvements, changes, omissions or
additions in line with scientific norms and with the
Journal’s rules of publication.

4. The Journal shall notify the author within a maximum of
two weeks of receipt of the work. The author will also
be notified of the decision to accept or reject the work
once the evaluation process is over.

5. The deposited work is confidentially sent to three referees
specialized in the subject area. The referees notes and
comments are conveyed to the people concerned so
that the depositors could respond to them in order to
meet the rules of publication in the journal and to be at
the required scholarly level.
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Some Recommendations Regarding
the Preparation of Draft

1. Title: Thetitle should preferably be brief (not to exceed
15 words) and reflective of the subject of study.

2. Researcher’s name, address, designation and the
name of the institute he/she works for: A full page
should be assigned for this purpose in Arabic and in
one of the other languages, English or French. When
applicable, this should include the party that funds the
research, the date it is deposited and, when necessary,
an acknowledgement. The title of the study should be
repeated on the abstract page.

3. Abstract: It should not exceed 200 words, and it
should be preceded by the title. Put in a separate page,
it should be written in one of the languages accepted
in this journal and other than that in which the study is
written. The abstract should include the reason behind
the study, how it was carried out, why the researcher
thinks it is important and the conclusion he/she
draws.

4. The study must follow this order: abstract;
introduction; materials and methodology; discussion
and conclusion; references.

S. Tables: Regardless of size, the table should be in
its proper position. Tables should have consecutive
numbers. Each should have a title written at the top
of the table. The signs *, **_ *** should be utilized to
illuminate the statistical analysis at the 0.05 or 0.01 or
0.001 levels in order. These signs shall not be used in
the notes. The Journal recommends the use of Arabic
numerals (1, 2, 3...) in the tables and in the body of
the text when applicable.

6. Figures, illustrations and maps: The author should
avoid the repetition of figures that draws their matter
from the data contained in the tables. It would suffice
to display digital data in tables or to order them in
charts, making sure to prepare these figures, inclined
indicators and charts in their final forms and in the
appropriate scale at the accuracy rate of 300 sots per
inch. Black and white figures and pictures should
have sufficient colour contrast. The journal would
publish colour pictures if necessary. In all cases, the
Journal should be given the unedited, original pictures,
not enlarged nor reduced. Each figure, picture or map
should have its own title at the bottom, with its serial
number, making sure that the Arabic numerals and the
letters used in these titles should not be less than 2 mm
in size.

7. References: As far as the body of the text is concerned,
the journal prefers that the author’s (writer’s) name
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be cited, followed by the year of publication, namely
the author-year system, from right to left, e.g. Wajd
Fadil and ‘Abdul’alim (1970); I am quoting Baker
and Kennedy (1979); as indicated by many studies
(Smith, 1999; Hunter and John, 2000; Saba’ et al.,
2003. There is no need to assign serial numbers to
references. But in the list of references, the author’s
last name comes first, followed by the first initial of
his/her first name. In case the reference is written by
more than one researcher, the name of the first author
should appear as stated above. Then the full first name
followed by the family name of each other authors
(Arab references) should be written. In the case of a
non-Arabic reference, the initial of the given names
comes first, followed by the last name and the year
of publication, then the full title of the reference or
journal (periodical or author, publisher and place of
publication), volume, issue number and pages (from
to). Punctuation rules should be conformed to, as in
the following examples:

Al .5 pitedl i 3 S 9wl 911 1999 05 1580 amig e 1 e w2 gall
33-45(3) 15 aucty ) p glall Given Ansl>

Smith, J., M.R. Merilan and N.S. Father. 1996. “Factors
Affecting Milk Production in Awassi Sheep.” Animal
Production, 12 (3): 35-46.

But these points should be observed:

e Arabic and foreign references should be arranged
(separately) by alphabet (A, B, C or ¢ «= Y

e If there is more than one reference by one name, they
should be arranged chronologically, the most recent
first. And in case the same name is repeated in the
same year, the references should be displayed with the
addition of an alphabetical letter, a, b, ¢ or ¢ «= ),
e.g. (1977 9), (1977°), etc.

e All works cited in the body of the text must be listed,
and works not cited must not be added to the list.

e References not commonly used, personal
communications and unpublished works should be
only casually mentioned in the body of the text and in
brackets ().

e Citing a paper or a chapter from a specialized book
should include the name(s) of the researcher(s) or
author(s), year, number and title of chapter, pages,
editor(s), book title, publisher and place of publication.
The same applies to the minutes of proceedings,
seminars and scientific conferences.
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Terminology and Measuring Units

1. Authors should use Latin binomial or trinomial names
of plants, crops, trees, insects, animals, microorganisms
and soil, in both the abstract and the body of the text.
It is preferable to write them in italics.

2. The Editorial Board recommends the use of
international measuring (SI) units.Equivalents from
other systems may be used as synonyms in brackets ( )
only once for more clarity, if the researcher wishes.

3. The Board also recommends the use of common
Arabic scientific terminology approved by specialized
scientific dictionaries written by Arabic language
councils and the Permanent Bureau for Coordinating
Translation, which is affiliated with the Arab
Educational, Scientific and Cultural Organization.

4. The Journal recommends the use of diacritical marks to
clarify Arabic or translated uncommon terms in order
to avoid ambiguity. The English or French equivalents
of these terms should be used, even once, to achieve
accuracy and make things easy to understand by the
referees and down to specialized readers.

e Manuscript's Number of Pages

Refereed and approved studies are published free of
charge, without any financial obligations or fees on the
part of the researcher, as long as he/she adheres to the
conditions pertaining to the length of the paper, which
should not exceed 20 pages with the above-mentioned
format and margins, including colours, tables and
references.

e Revising and Editing Papers

Researcher(s) is (are) given a maximum of one
month to revise and edit according to the referees’
recommendations. [fthe manuscript is not returned within
this period of time, or if the researcher does not respond
to these recommendations, the study will not be approved
for publication. The researcher may, however, submit the
study again to the journal. But it would be treated like a
new study subject to referees’ scrutiny for the second and
last time.

e General Remarks

— All studies published in this journal reflect the views of
their authors. Even though these studies have already
been refereed and evaluated, they do not necessarily
express the views of the Editorial Board.
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— The arrangements of studies in the Journal's issues
are subject the journal's own technical and scientific
norms.

— Studies not approved for publication will not be returned

to authors.

¢ Subscription

Readers, specialists and students, may subscribe to the
journal on an individual basis or as representatives of
organizations by filling out the appropriate form available
on ACSAD’s website.
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remaining region at least the general trends can be

used in the planning process.

The most important input to the basin water balance
is the groundwater recharge. If WEAP’s soil moisture
method parameters are calibrated by an external model
like CROPWAT both model results are consistent
and reliable as shown in figure 7. The open question
remains, whether may be in the future CROPWAT
could be integrated directly into WEAP to allow any
user to calibrate groundwater recharge by field or
literature soil and plant parameters. The magnitude
of groundwater recharge volumes is consistent with
other regional studies using infiltration coefficient
calculation and estimation approaches (El Hakim, M.,
2005; Lamoreaux, P.E., Hughes, T.H. and Memon,
B.A., 1989; Russian Study, 1986).

Using the same calibrated groundwater recharge as
an input, WEAP and MODFLOW have been linked
and used for respective scenario calculations. In the
Zabadani basin the historic and the future planning
scenario results have shown on the MODFLOW cell,
landuse class, subcatchment or whole catchment
scale: the groundwater balance (increase/decrease
of groundwater storage) indicates time periods of
over-pumping in the catchments (figure 12, negative
storage 1998-2001 and 2004-2006) and significant
groundwater drawdowns, which recover after the
wet year(s) event. Additionally in the future planning
scenarios the severe decrease in the groundwater
recharge (climate impact) or the over pumping of the
aquifer causing a negative groundwater balance can
be seen as well as the respective fluctuations in the
hydraulic heads. Especially the scenarios B and C
give a first insight into climate change scenarios; the
impacts as calculated by the global models (scenario
B) and the ones by the “local models” (simple statistic
expectation of several drought years in a row) in
scenario C can be seen. Together with the steering

committee of the DSS Zabadani basin the scenario
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constrains have to be refined in order to incorporate
also maximum allowed groundwater drawdowns and
more details on demand management planning.

CONCLUSION

Within the framework of a technical cooperation
project a Decision Support System (DSS) for water
management as a user-friendly, inexpensive, efficient
and easily shareable tool has been developed
incorporating MODFLOW and WEAP as modelling
components.

The user can manipulate inputs , evaluate and
compare results of various current as well as future
scenarios in the target area, such as:

e Human activities (population growth, urbanization
and domestic demands)

e Agricultural activities (land use, crop types,
irrigation practices)

e Climate impacts (climate change models, regional
climate cycles)

e Network characteristics (transmission link losses
and limits, well field characteristics, well depths)

e Additional resources (artificial recharge and

waste water reuse)

The results are visualized as graphs, maps and tables
(hydraulic heads, water balances, etc.) to support
the decision-making process among the relevant
stakeholders and decision-makers.

The DSS has been successfully tested in the
Zabadani basin, Syria. For historic and future
scenarios realistic results (hydraulic heads, surface
and groundwater balance, etc.) on MODFLOW cell,
landuse class, subcatchment or catchment scale could
be calculated and visualized in graphs, maps and
tables. After some remaining refinements the DSS
will then be transferred to the respective basin agency
and parallel capacity building and institutionalizing
will continue to spread and apply the DSS-tool in
Syria, Morocco and beyond.
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Figure 17. Comparison of the calculated hydraulic heads for the three planning scenarios 2005 — 2017 (A, B

and C).

model grid size and the processor speed within a few
minutes. The results like hydraulic heads, surface and
groundwater balances can be visualized, compared
and evaluated as graphs, maps or tables by the user
and give more insight into the historic records and
support respective decisions for the best or most
likely future planning practices depending on the
future constrains.

The Zabadani basin, Syria, has been the first
pilot area to apply the DSS. Due to the complex
hydrogeology, unknown groundwater catchments,
limits on time and human resources only a rough
calibration of the MODFLOW groundwater flow
model could be achieved at this stage. The results are
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acceptable in the Zabadani graben area with accuracies
of the hydraulic heads of about 5m. Towards the
northern margins of the basin the calculated heads are
not matching reality. For the Barada spring the yearly
discharge could be matched, however the monthly
variations could not be calculated exactly. Further
investigations in the coming months will be carried
out for refinement of the model and can then lead to
better calibration results.

However as stated above even at this stage the
model and the DSS can be utilized for the reference
year, historic data and future planning scenario
calculations, taking into account that a good resolution

is available in the Zabadani valley area and for the
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Figure 14. B2-ECHAM4 climate scenario impact on the Zabadani basin.

and more drastically the impact of possible decreases
in precipitation. Further refinements of these climate
models may give a better prediction basis.

Scenario C: Drought cycle scenario (50 rain)

The historic precipitation measurements (Figure 15,
only Damascus station has a continuous long-term
precipitation record) show that there is roughly every
five to thirteen years a “drought” year with less than
half of the mean annual rainfall. From 1999 to 2001
there had been three “drought” years in a row, causing
severe impacts on the domestic and irrigation water
supply. Therefore an additional planning scenario was
created by reducing the average precipitation of the
year 2004/ 2005 to 50% and calculating the impacts
of consecutive drought years.

For the three planning scenarios 2005-2017 figures
16 and 17 give the results of the impact on groundwater
recharge and the hydraulic heads respectively. In
figure 16 it can be clearly seen from which scenario
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year onward groundwater abstraction exceeds the
groundwater recharge and thus overexploitation of
the aquifer starts.

The continuous drought scenario C has the most
severe impact reducing the groundwater recharge also
about 50% and a regional groundwater drawdown of
about 10m. The other two scenarios are less severe on
basin scale, however in subcatchment-landuse class
scale significant impacts on the water balances and
hydraulic heads can be derived.

DISCUSSION

By the dynamic linkage of the three DSS-
components a comprehensive and powerful tool
for surface and groundwater management has been
developed, applied and tested. A linkage-shapefile acts
as a spatial, input and result data dictionary between
MODFLOW and WEAP. Respective reference year
and scenario results are calculated depending on the
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Figure 13. Calculated hydraulic heads in the scenario 1998-2007

Planning Scenario Set 2005-2017

Scenario A: Demand changes (DRA 2X
DAWSSA 3X AGR 0.7), Jointly with the members
of the Steering Committee of the Zabadani basin
DSS realistic scenarios for the coming 10 years (13
years from reference year 2005) have been discussed.
Each stakeholder contributed with his (institutional)
estimates of the future water demand and supply:

DAWSSA: increase in demand by 300 %
DRA: increase in demand by 200 %

Agriculture: change to drip irrigation, decrease in

water demand by 30 %

Scenario B: Climate change scenario (80_rain)
Long-term climate change impacts have been assessed

The Arab Journal for Arid Environmentes 1(1)

by Kunstmann et al. (2007) by downscaling the global
B2 climate scenario model of ECHAM4 to a resolution
of 18km x 18km in the eastern Mediterranean/
Near East region. Preliminary calculation results
(daily precipitation data) have been derived for
two thirty year (1961-1990 and 2070-2099) time
periods. The calculated results for the Zabadani
Basin are shown in figure 14. The graph indicates a
decrease in precipitation and by averaging the yearly
precipitations in the two time periods, a decrease in
precipitation of twenty percent can be calculated.
Up to now the climate model results on the historic
data are not matching very well the measured values,
however as a first hypothesis this decrease of twenty
percent was applied to the planning scenario 2005-

2017 in order to see on an even shorter time scale
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Figure 11. Precipitation, Barada spring discharge and drinking water abstractions as input data for the historic
scenario (in the winter months utilized spring water discharges outside the area are the reason for the decreases
in domestic groundwater abstraction).
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Figure 12. Calculated groundwater balances for the years 1998 — 2007.
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an increase in evapotranspiration and groundwater
recharge respectively. Inside WEAP the calculated

irrigation volumes have been calibrated by adjusting
the upper and lower irrigation thresholds.
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Figure7. Calculated evapotranspirationof CROPWAT
versus WEAP applying climatic variations.

By the linked WEAP-MODFLOW models realistic
soil-, groundwater balances and hydraulic heads for
the reference year 2004/ 2005 could be calculated
and the results can be visualized by WEAP in various

scales from the total area down to the subcatchment
and its landuse class levels (Figures &, 9 and 10).
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Figure 8. Calculated soil water balances for the

reference year 2004/2005

Scenarios

Two sets of scenarios have been calculated by the
DSS, a historical scenario (1998-2007) in order to
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check the calibration accuracy of the models and a
planning scenario set (2005-2017) of three different
climate/demand change scenarios.
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Figure 9. Calculated groundwater balances for the
reference year 2004/2005
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Figure 10. Calculated hydraulic heads in 3D-view.

Historic Scenario 1998-2007

In the past decade some extreme years have
occurred (Figure 11), from 1999 to 2001 have been
three consecutive years in a row with less than 50%
of the average precipitation, whereas 2003 has been
a very wet year with 150% of the long-term average
precipitation. The respective hydraulic heads (Figure
13) and groundwater balances (Figure 12) show
clearly the impact of these extreme years compared
to the average ones.
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Also climate data are assigned at subcatchment
level. Each subcatchment is then further subdivided
into respective landuse classes and irrigation
pattern, crop coefficient, leaf area index, root zone
conductivity and soil water capacity values have been
assigned to them. The basis for the landuse mapping
has been high resolution aerial colour photographs,
geological information (Kurbanov, N., Zarjanov, Y.
& Ponikarov, V.P.,1968) and data from the Syrian
Ministry of Agriculture and local farmers. Regarding
the irrigation practices seven different landuse classes
have been mapped.

Inside WEAP the domestic demand sites have been
integrated as nodes and respective annual water use
rates have been entered. The agricultural demand
(rain-fed and irrigated agriculture) is calculated in
WEAP for each landuse class polygon depending on
the respective crop types, climate and soil parameters.
Linking demand and supply are done simply through
the graphic user interface by digitizing transmission
linksbetweenrespective demandsitesand groundwater
nodes (or other supplies). In the transmission link
additional characteristics can be assigned like losses
(to evaporation or to groundwater), maximum flow
limits or minimum hydraulic heads for pumping

groundwater.
Linking and Calibrating the Models

Groundwater is the main water resource of the
Zabadani basin and groundwater recharge is the most
important calibration parameter for both models
(WEAP and MODFLOW). However it is also the
most difficult parameter of the water balance to
be calculated or estimated, as there are no direct
measurements available.

As mentioned the “one bucket soil moisture model”
was used to calculate groundwater recharge and
irrigation demand inside WEAP. There is a limited
range of input variables beside the meteorological
parameters (precipitation, temperature, humidity, and
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wind speed): two soil hydrological parameters (topsoil
water holding capacity and saturated hydraulic
conductivity) and two plant parameters (crop
coefficient and leaf area index). These parameters are
WEAP-specific parameters in the empirical functions
applied in WEAP, which depend also on the time step
of the model. Soil and plant parameters taken from
soil survey or literature data cannot be used directly
as input parameters.

In order to calibrate respective soil and plant
parameters external models have been utilized:
CROPWAT (Clarke, D., Smith, M. and El-Askari,
Kh.,1998 - for areas with vegetation cover, based on
daily soil water balances and no stress for irrigated
crops) and SWAP (Kroes, J.G. and van Dam, J.C.,
2003 - for areas without vegetation and bare soil or
rock cover, to calculate evaporation from the soil).
The water balance was considered as:

Precipitation = surface runoff + actual evapo -
transpiration + groundwater recharge

The actual evapotranspiration was calculated by
CROPWAT (Figure 7); surface runoff occurs only in
January and February accounting about 12% of the
yearly precipitation. This fraction was calculated by
the difference between the Barada river discharge, at
the basin boundary and the Barada spring discharge.
The surface runoff was estimated to be evenly
distributed in all subareas to be 12% of the yearly
precipitation. Thus groundwater recharge could be
calculated as the remaining fraction:

Groundwater recharge = precipitation — 0.12 *

precipitation — actual evapotranspiration

Figure 7 shows a fairly good correlation between
the calculated evapotranspiration (and similarly the
calculated groundwater recharge) by CROPWAT and
WEAP if the precipitation input is varied, validating
the calibrated parameters for the reference year.

The irrigation demand was calculated also in
CROPWAT applying the “no stress for crop” irrigation
scheme. The applied irrigation water volume causes
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The computed heads versus the measured/estimated
ones. In the plain area of Zabadani the residuals
are within 5 m, going north and to the margins
they increase significantly (see Figure 4). With the
available data and hydrogeologic model this was the
best obtainable match so far. Jointly with the local
institutions, drillers and farmers more data need to
be collected in order to get a better understanding of
the system and to refine the model towards a higher
accuracy. However, the main abstraction and water
competition area is the area adjacent to Barada spring
and the Zabadani valley, so even at this stage the
model is considered as a valuable and fairly accurate
tool to model groundwater flow, head and spring
discharge for this region.

Figure 5 shows the correlation of the computed
versus the measured spring discharge. The yearly
volume was also calculated correctly, only in the
monthly values there are some differences indicating
rapid and slow moving components feeding the Barada
spring, typically for a karstic system, which cannot
be exactly modelled at this stage. Future studies in
delimitating the exact groundwater catchment area
and respective rainfall and infiltration data will
improve the spring discharge and groundwater flow
model.
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Figure 5. Computed discharge by (MODFLOW)
versus measured discharge of the Barada spring.
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WEAP-MODEL

The WEAP21 (www.weap2l.org) software was
used to build a planning and evaluation model, which
then has been linked to a MODFLOW groundwater
flow model as component of the DSS. For this
approach spatial integrity and identical time steps
between the models are very important. Spatial units
in WEAP must follow the outlines of the MODFLOW
cell boundaries. Inside WEAP21 the “one bucket”
soil moisture method was chosen to calculate the
soil water balance, groundwater recharge and the
irrigation demand. The hydraulic year 2004/2005 was
used as a reference year.

The initial task has been to divide the basin into
spatial subunits. Together with the members of the
DSS steering committee the Zabadani basin was
subdivided into 11 subcatchments, being crucial to the
water management planning. Their outlines have been

determined by aggregating the major drinking water
well fields and if possible follow surface watersheds
(Figure 6).

Drinking water wells in respective well fields|
(+)  DRA drinking water wells

| [ DAWSSA drinking water wells
| Cheqif: Well field name

D Groundwatershed (estimated)
[] weaP-subcatchments

E D Extra recharge area
migated area

Figure 6. Well fields, subcatchments and irrigated,
built up and extra recharge areas in WEAP.
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e Barada river stage (river package input): The
stage of the river was taken from the measured values
at Ramleh and Tekije stations and interpolated by
GMS to change linearly between these stations.

e The water balance deficit was balanced by
assigning a groundwater inflow from outside the
basin as extra recharge (see figure 6) to the respective
model cells and to calibrate the model using the
Barada spring discharge.

e Hydraulic properties of the layers: this was the
most difficult part of the modeling work because of
the complex hydrogeology and the data scarcity at
the mountains and mountain slopes. The layers were
divided into several hydraulic conductivity (k) zones
according to hydrogeology, tectonics and available
pumping test data. The k values range from 0.01 to
60 m/day in the top layer (most permeable layer). The
values of k vary according to the type of formation,

density of lineaments, dipping of the formation, and
expected groundwater gradients.

o Starting groundwater head: the groundwater
levels in May 2005 have been used as starting heads
(see Figure 4).

RESULTS

It was assumed that the year 2004-2005 was at
steady state as it was an average precipitation year
(as an average of years of records) with full recovery
of the groundwater levels after the winter rains, and
similar heads at the end of the irrigation seasons in
November 2004 and November 2005. Using this
assumption the model was run under steady state
conditions and the hydraulic parameters have been
calibrated and the water balance balanced (in- and
outflows, table 5). This calibration was then utilized
to run a transient state model with a monthly time
step for the hydrologic year 2004/ 2005.

Table 5. Transient state groundwater balance (volumes in Mm? as calculated by MODFLOW.

OUTFLOWS INFLOWS
s B.SPRING  IRR DW gg‘; R?\%'R ouT ng@R' RGE\g'H BALANCE
10/04 4.494 4.085 4588  1.129 0.940 15.236  0.061 1.304 1.365 -13.871
11/04 4.652 0.000 4.007  1.143 0.998 10.800  0.061  12.626  12.687 1.887
12/04 4.957 0.000 3.897  1.196 1.115 11.165  0.061  21.453 21.514 10.349
01/05 5.172 0.000 3.328  1.207 1.130 10.837  0.064  28.929  28.993 18.156
02/05 5.688 0.000 0.895  1.177 1.117 8.877  0.059  33.565 33.624 24.747
03/05 5.756 0.000 0987  1.147 1.161 9.051 0.051 26479  26.530 17.479
04/05 6.119 0.000 0.863  1.197 1.248 9.427  0.051 13250 13.301 3.874
05/05 6.431 0.000 0.889  1.237 1.264 9.821 0.071 9244 9315 -0.506
06/05 6.333 2.884 0.705  1.191 1.224 12.337  0.076  1.141 1.217 -11.120
07/05 6.313 14218 2.005  1.225 1297 25058 0.070 0284  0.354 -24.704
08/05 5.987 2,670  3.568  1.221 1.336 14782 0.061  0.955 1.016 -13.767
09/05 5.452 7.488 3.827  1.178 1.288 19.233  0.057  0.743  0.800 -18.433
SUM 67.355 31.345 29.559 14.248 14119  156.626 0.743 149.974 150.717  -5.909

Outflows to: Barada Spring (B. SPRING), irrigation (IRR), domestic groundwater
abstraction (DW), lateral groundwater outflow (GW OUT), flow from the aquifer to the river

(GW-RIVER).

Inflows to: from the river to the aquifer (RIVER-GW),
groundwater recharge (from rainfall + irrigation return
flow + lateral groundwater inflow “extra recharge”,
GW-RECH)
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balance is negative and there might be additional
lateral groundwater outflow from the basin shifting
the balance even more to the negative side. Therefore
there must be a groundwater inflow from outside the
basin of more than 67 mm? per year. The lateral inflows
and outflows as well as the groundwater — river water
interaction have been calculated by the groundwater

flow model.
Groundwater Flow Model

Conceptual Model and Boundary Conditions

The conceptual model has been designed according
to the prevailing hydrogeological and geological
conditions as described above and the lessons learnt
from a previous groundwater model in the Zabadani
valley (Acsad, 2002). The regional aquifer has been
subdivided into three layers (table 4), which have
different hydraulic properties but are hydraulically
connected.

Table 4. Hydrogeologic blocks and layers as applied
in MODFLOW , relative permeability:
(- low, + intermediate, ++ high, +++ very high)

W - Block Graben E — Block k-ranges [m/d]
Cr/J N N/Cr/J
+++ - +++ 0.010 - 60.000
400-600m 400-600m 400-600m
Cr/] N/Cr/] Cr/J
++ - ++ 0.005 - 1.500
200-300m 200-300m 200-300m
J Cr/] Cr/]
+ + + 1.000
200-300m 200-300m 200-300m

N :Neogene, Cr: Cretaceous, J: Jurassic

All boundary conditions have been considered as
no flow boundary (GW divide), except the surface
water outlet of the basin, which is a specified-head
boundary.
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Asmentionedabovethereisasignificantgroundwater
inflow from the southwest and probably also from the
west. These inflows have been modeled as additional
recharge along the respective boundary sections. An
exact estimation of the amount and seasonal pattern
of flow requires further investigations.

Input Data

The Zabadani basin numerical model grid consists
of 124 rows, 27 columns, and 3 layers, i.e. 10044
cells, with 200m grid length and width respectively.
The Groundwater Modeling System GMS 6 (www.
ems-i.com/GMS/gms.html) was used as pre-processor
of Modflow2000. The model was first calibrated in
steady state, and then the parameters have been used
as starting values for the transient model and further
refined. All the stresses on groundwater have been
entered in map module as different layers.

e Recharge: the respective groundwater recharge
values have been calculated for each landuse class by
WEAP, applying the “soil moisture method” and then
evenly assigned to respective model cells (positive

recharge).

e Domestic groundwater abstraction: the
respective well field abstraction rates have been
assigned to respective model cells (*.wel-file).

e [rrigation groundwater abstraction: the respective
groundwater abstraction data have been calculated
for each landuse class by WEAP, applying the “soil
moisture method” and then evenly assigned to
respective model cells (negative recharge).

e Barada spring discharge: the spring area has been
modeled as drainage, assigning respective model
cells as DRAIN-cells, where the bottom of each cell
is equal to the spring outlet elevation of 1095 m.a.s.I.
The discharge of Barada spring has also been used
as a calibration target, giving a conductance value of
150 m?*/day/m as a result.
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The hydraulic year 2004/2005 was chosen as a  groundwater levels after the winter. Table 3 shows the
reference year (this is the year when the project has  main abstraction volumes and the direct recharge from
started). It has an average rainfall and fully recovered rainfall. For this average year the preliminary water
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Figure 4. Computed versus measured groundwater levels in the Zabadani basin.

Table 3. Preliminary Water Balance for Zabadani basin.

GW-Abstraction / Spring discharge

Month Barsjlda Irrigation Domestic — Rainfall Recharge @ BALANCE
Spring
10/2004 2.42 4.085 4.559 11.064 1.261 1.113 -9.951
11/2004 5.6 0.000 4.101 9.701 29.943 7.350 -2.351
12/2004 4.53 0.000 3.87 8.400 7.003 7.487 -0.913
01/2005 4.43 0.000 3.228 7.658 21.381 9.301 1.643
02/2005 7.52 0.000 0.766 8.286 27.494 11.408 3.122
03/2005 13.07 0.000 0.766 13.836 3.928 9.980 -3.856
04/2005 9.52 0.000 0.766 10.286 5.610 6.552 -3.734
05/2005 5.7 0.000 0.766 6.536 3,772 3.758 -2.778
06/2005 7.47 2.884 0.766 11.120 0 1.793 -9.327
07/2005 4.16 14.218 2.038 20.416 0 1.299 -19.117
08/2005 1.88 2.670 3,593 8.143 0 1.066 -7.076
09/2005 1.78 7.488 3.952 13.220 0 0.914 -12.306
SUM 68.15 31.345 29.171 128.666 100.393  62.022 -66.644

All units in mm?, irrigation and recharge volumes calculated in WEAP
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cutting the area. In the study area the Serghaya fault
is not only a normal fault separating the Zabadani
graben from the Cheqif mountain range, with an offset
of more than 2 km, but also represents a major branch
of the sinistral transform system with an offset of
tens of kilometres (Dubertret, L. & Vautrin, H., 1950,
Kurbanov, N., Zarjanov, Y. & Ponikarov, V.P., 1968;
Russian Study, 1986). Figure 3 shows the major folds
and faults and respective geologic cross sections.

From NW to SE the area can be subdivided into 3
tectonic and hydrogeologic blocks: the Chir Mansour
horst-anticline (Chir Mansour mountain range),
the Zabadani graben and the Cheqif monocline
(Cheqif mountain range). The patterns of these
blocks are described in more details in table 2. The
Jurassic limestones represent the best aquifer of the

region differing from the Cretaceous limestones

and sandstones by one magnitude and regarding
the Quaternary and Neogene sediments even by
two magnitudes. All these units are hydraulically
connected as proven by several deep boreholes and
are representing the regional aquifer.

Based on archive and field survey data as well as
discussions with local experts, a groundwater contour
map and the outline of the Zabadani groundwater
basin could be drawn. The groundwatershed of the
Zabadani basin (Figure 4) corresponds to the surface
watershed delineation excepting;

e the eastern block seems to be an isolated perched
aquifer whose western boundary was estimated by
the contact Jurassic/Cretaceous and the trace of the
Chir Mansour monocline/anticline axis.

e significant groundwater inflow from SW (proven
by hydraulic heads) and may be also at a minor scale
from W (estimated) through the Jurassic aquifer

Table 2. Hydrogeologic blocks of the Zabadani basin.

Block Chir Mansour Range Zabadani Graben Cheqif Range
location NW Center SE
. — Neogene .
major geology Jurassic limestones Cretaceous limestones
conglomerates
thickness . Neogene:
. : 1000 i 2
oot AT Jurassic: 1000m Mix. 3 600 Cretaceous 000m
strike NNE-SSW NNE-SSW NE - SW
dip WNW unknown SE
Chir Mansour is an uplifted beginning of  Qalamoun
faulting Horst with intensive block ii?esfaults <5 L Range,ductile deformation in
faulting brittle deformation mainly cretaceous rocks
deformation style brittle (in Jurassic rocks) unknown ductile (in Cretaceous rocks)
folding anticline structure unknown monocline/ anticline structure
karstification intensive not minor
transmissivity i + -
assumed to be identical with
watershed: o ;
surface watershed due to . ; due to E dipping formations
groundwater : b ; . m identical to surface x
intensive vertical jointing, groundwater shed possibly W
versus < watershed
surface water however there might be of surface watershed
additional GW inflow from S
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discharge) and the drinking water suppliers operating
well fields around the spring .

The Antilebanon mountain range is mainly formed
minor

of Jurassic and Cretaceous limestones,

basaltic, sandstone and claystone intercalations at the

base of the Cretaceous, Neogene conglomerates and
Quaternary alluvium (Figure 3).

The regional tectonic pattern of the Antilebanon
mountains is very complicated as the major branches
of Red Sea — Dead Sea transform fault system are
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Figure 3. Simplified geological map and sections of Zabadani basin (from Dubertret, L. and Vautrin,H., 1950)
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interior model elements like groundwater nodes, sub-
catchments or rivers. In order to ensure that WEAP
results address the correct MODFLOW grid cells
as well as that MODFLOW results are assigned to
its corresponding WEAP-elements, the link has
to contain information of both models and act as a
dictionary between them. This has been achieved
by designing a “linkage-shapefile” (link-file), which
consists of rectangular polygons that are identical to
the MODFLOW grid cells. All polygon features are
enumeratedinthe same orderasMODFLOW internally
enumerates its cells and have this enumeration stored
as specific row-and-column values. This address acts
as a unique identifier to each polygon (Figure 2).

{2 Choose shape file that has Moo Low finkage information

Background Shape File with MODFLOW Linkage Informaton [k ape 20070305 DBF —

MODFLOW Ced Row Fiekd [MF_ROWNA Catchment Name Feld [SUBCATCH
ey

MODFLOW Cel Cokemn Freid [MF_COLNA ~] Land Use Name Feld [LANDUSE B

Groundwater Name Feid [WEAP_GW =] DemandSee: Name Frekd: [DEMANDST DEMANDS. + |

Pump Layer Frekd |Pumgng

River Reach Name Fieid [RVERREACH

Fumes R Prwrt L ikagee | Fumes Nean Cal | o agme

[mF_RownR  [MF_cONR  [Lanpuse
1124 1

124
124
4
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24
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Figure 2. The link setup window inside WEAP

Additionally, each polygon holds values of
WEAP-elements like respective groundwater nodes,
subcatchments, landuse classes, demand sites and from
which cells and layers groundwater abstraction should
come from (assigned to .wel-file in MODFLOW).

Additionally, if the river- (groundwater-surface
water interaction) and drain-packages (used to
simulate springs) are implemented in the MODFLOW-
model, respective attributes have to be assigned in the
linkage-shapefile. In WEAP a river flow-stage-width
relationship has to be defined to make the MODFLOW

river package working.

Initially the outlines of subcatchments and landuse
classes for WEAP have been digitized following
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natural properties like watersheds. The assignment
of WEAP area attributes to the rectangular polygons
of the link-file was done by performing spatial
intersections of WEAP areas against the polygons,
where the value assigned to the link-file’s polygon
was the one that held the largest area share of all
WEAP areas intersecting it. To ensure methodical
consistency, codes have been programmed for many
of the necessary GIS-tasks (create grid-shape-file, get
attributes from other shape-file data sets by respective
weighting method, etc.) and were integrated in a
compact VB.net tool (Beta).

After the link-file has been chosen and the fields
within it containing the linkage information have been
specified, WEAP will be able to link the MODFLOW
cells to the WEAP items and returns an on-screen
report about the linkage status and possible errors.

Pilot Study Zabadani Basin, Syria

The Zabadani Basin is located in the Antilebanon
mountains covering an area of about 140 km’.
Geomorphologically, it can be subdivided into three
NNE-SSW trending units: the Chir Mansour Mountain
range in the W reaching up to 1884 m, above sea
level(a.s.]), the Zabadani and Serghaya grabens
ranging from 1080 m a.s.l. to 1400 m(a.s.I) and the
Chegif Mountain range in the E reaching up to 2466
m, (a.s.]) The basin is drained by the only perennial
stream of the region, the Barada river with the Barada
spring at 1095 m (a.s.l) as its source (Figure 3). The
mean annual rainfall is about 700 mm.

There is already a water competition in the area
between municipal drinking water suppliers of the
area (DRA), Damascus city water supply authority
(DAWSSA), agricultural and touristic (population
doubles or triples in the summer) activities. In dry
years Barada spring (average discharge 3.8 m¥/s)
ceases during summer months completely, raising

conflicts between the farmers (relying on the river
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WEAP

The Water Evaluation and Planning System
(WEAP) has been developed by the Stockholm
Environmental Institute (SEI) as a planning tool for
water resources managementand is distributed free-of-
charge for government- and non-profit organizations
in developing countries.

The program calculates groundwater and surface
water balances, current and future demands (irrigation
and others) at a catchment, subcatchment or landuse
class scale level. For the soil water balance and
irrigation demand calculation, the user can choose
from three different built in algorithms or enter own
expressions:

e FAO Crop requirements only (input parameters:
reference crop evapotranspiration, crop coefficient,
irrigation efficiency, effective precipitation)

e FAO Rainfall runoff method (input parameters:
like above plus the surface runoff fraction is entered
by the user manually)

e Soil moisture method (input parameters: detailed

crop, climate, soil, slope and irrigation parameters)

WEAP's graphical User Interface is easy to use and
settingup model constraints is straightforward. Physical
dependencies between modelling units can be defined,
reordered or removed by drag and drop operations
on a drawing surface. Modelling data can easily be
changed or updated either directly within the GUI, by
importing spreadsheet-data, or by linking WEAP to an
external database management system using WEAP’s
Application Programming Interface (API).

Based on a reference year, multiple development
scenarios can be designed (incorporating prediction
data or functions) and the respective water balance
results can be visualized, compared and evaluated
as graphs or tables by the user and then support
respective decisions for the best or most likely
planning scenario.
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MODFLOW

MODFLOW is a computer program developed
by the U.S. Geological Survey (USGS), which
numerically solves the three-dimensional ground-
water flow equation for a porous medium by using a
finite-difference method. It is one of the most popular
and comprehensive deterministic groundwater
models available. The basic model uses a block-
centered finite-difference grid that allows variable
spacing of the grid in three dimensions. Flow can
be steady state or transient. Layers can be simulated
as confined, unconfined, or a combination of both.
Aquifer properties can vary spatially and hydraulic
conductivity (or transmissivity) can be anisotropic.
Flow associated with external stresses, such as wells,
spatially distributed recharge, evapotranspiration,
drains, and rivers, can also be simulated using
specified head, specified flux, or head-dependent flux
boundary conditions. There are several commercially
available pre- and post-processing packages; some of
these operate independently of MODFLOW, whereas
others are directly integrated into reprogrammed
and (or) recompiled versions of the MODFLOW
code. More details are available on McDonald and
Harbaugh (1988), Harbaugh and McDonald (1996)

and Harbaugh et.al, (2000).
Dynamic link between MODFLOW and WEAP

ACSAD, BGR and SEI jointly agreed to build and
fund a powerful DSS by incorporating a dynamic
link (developed by SEI) between MODFLOW and
WEAP. For each time-step, results of the one model
are transferred as input data to the other. MODFLOW
calculates groundwater heads, storage and flow,
whereas WEAP calculates groundwater recharge,
river stage, irrigation demand and the remaining
water balance components.

Contrary to MODFLOW, WEAP does not take
into account any spatial relationship between its
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impacts, network characteristics and the mobilisation

of additional resources.

MATERIALS AND METHODS

DSS-Concept and Components

The DSS itself is a software product that gives the
user the capability to calculate and visualize the effects
on a hydraulic system over time; If one or many of the
system’s parameters change, DSS-users; can easily
build scenarios of those changes in a Graphical User
Interface (GUI) and directly view the results.

The DSS consists of three components (Figure 1):

e Database
e Groundwater Flow Model (MODFLOW2000)
eWater Evaluation and Planning System (WEAP21)

A database is used to store all relevant data (climate,
land use, abstraction rates, etc.); as each institution and
region applies its own database system, queries and
links or downloads can be applied to input respective
data sets into the modelling components.

Data Aquisiton
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e Y
Printed Field Survey/

Databases Archives
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Decision Support — Water Management
- Groundwater Protection Zones

- Site Location (Industry, Waste Water Treatment Plant, ect.)

- Water Balance/ Abstraction Limits/ Safe Yield

Standard Output (WEAP, GIS)

-Groundwater Contour/ Drawdown/ Vulnerability Map
-Hydrochemical Map

Figure 1. DSS-Concept.
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The modelling components are a combination of
two existing software products that are dynamically
linked to and affecting each other. Table 1 gives an
overview of the main input parameters of the two
modelling components, which will be explained in
more detail in the following sections. MODFLOW
calculates groundwater heads, storage and flow,
whereas WEAP calculates groundwater recharge,
river stage, irrigation demand and the remaining water
balance components. WEAP holds the Graphical User
Interface for the DSS and acts as a “remote control”
for MODFLOW, which is running in the background.
As its name implies, it is designed as a tool that
supports persons involved in certain decision-making
processes rather than being a holistic system that
substitutes them.

Table 1. Main input parameters into the modelling
components MODFLOW and WEAP for a reference

year scenario.

MODFLOW WEAP

3D geometry of the model Schematic model linking
area as a 3D grid mesh (relief, catchments, groundwater and
layers, top & bottom surfaces) demand site nodes and rivers

Delimination and area
assignment of sub-catchments
and landuse classes

Permeabilites of respective
cells and layers (optional
anisotropy in 3D)

Climate data (precipitation &
depending on the algorithm
utilized additional parameters)

Starting head

Landuse data (crop coefficient
& depending on the algorithm
utilized additional parameters)

Waterstresses (abstractions/
recharge)

Boundary conditions at the

5 . Irrigation scheme
margins of the model &

Drain attributes (bottom
elevation, conductance, if
springs shall be modelled)

Water use rates, consumption
fractions, return flows,
transmission losses

Optional additional features
like waste water treatment
plants, artificial recharge sites,
reservoirs, river diversions,
éte.

River attributes (bottom
elevation, conductance

if groundwater — river
interaction shall be modelled)
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of various current as well as future scenarios in the target area, such as: human activities (population growth,

urbanization, domestic demands), agricultural activities (land use, crop types, irrigation practices), climate
impacts (climate change models, regional climate cycles), network characteristics (transmission link losses
and limits, well field characteristics and well depths) and additional resources (artificial recharge and waste
water reuse).

The results are visualized as graphs, maps and tables (hydraulic heads, water balances, etc.) and support the
decision-making process among the relevant stakeholders and decision-makers.

In two pilot areas, the Zabadani basin, Syria (outlined in this paper) and the Berrechid basin, Morocco (still
under calibration) the DSS has been tested and applied. These applications have been proved the strengths of
the DSS-tool, especially considering the impacts of climate change, changes in demand and supply, waste water
reuse and artificial recharge scenarios on water availability. The DSS has been giving the local stakeholders,
institutions and decision-makers a valuable base for their current and future water management planning.

Thus the developed DSS and its software components have been approved to be a user-friendly, inexpensive,

efficient and easily shareable tool for water resources management.

Keys Words: Decision support system, Water resources, Management and designm, Syria.

INTRODUCTION

The situation of water resources in the Middle East
and North Africa (MENA) is characterised by scarcity
and, atthe same time, by increasing demands caused by
rapid population growth and inefficient use of water,
especially by the agricultural sector. The groundwater
extractions often exceed the natural recharge volumes,
resulting in a decline of the groundwater table and
in a deterioration of the soil and water qualities
(e.g. salinization). In several countries of the region
groundwater flow models exist for some areas, but
are often not updated and most commonly basin or
administrative “basin” water balances are calculated
on very rough assumptions. A comprehensive tool for
surface and groundwater management and decision

support has been missing up to now in the region.

Therefore the objective of the technical cooperation
project “Management, Protection and Sustainable
Use of Groundwater and Soil Resources” has been
to develop a user-friendly, efficient, inexpensive
and easily sharable instrument for water resources
management (Decision-Support System, DSS), to
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apply it in two pilot areas (Zabadani Basin, Syria
and Berrechid Basin, Morocco), and to distribute
it with regard to a more integrated water resources
management among the MENA countries and
beyond.

The DSS has been built by the combination and
linkage of three components, a project database, a
groundwater flow model (MODFLOW2000) and a
user-friendly water evaluation and planning software
(WEAP, www.weap21.org). As most MENA countries
of the region rely on groundwater as the main water
resource, the incorporation of a spatial groundwater
flow model is a must for the DSS. MODFLOW2000
was utilized to calculate the groundwater heads,
storage and flow. WEAP calculates groundwater
recharge, river stage, irrigation demand and the
remaining water balance components. By a dynamic
link, results of one model are transferred as input
data to the other for each time-step. Via the WEAP
interface the user can manipulate inputs and evaluate
and compare results of various current as well as
future scenarios in the target area, such as human and

agricultural activities, climate and climate change
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ABSTRACT

Within the framework of a technical cooperation project between ACSAD and BGR a Decision Support
System (DSS) for water resources management was developed and applied in two pilot areas.

The DSS consists ofthree major components, a project database, a groundwater flow model (MODFLOW2000)
and a user-friendly Water Evaluation and Planning Software (WEAP, www.weap21.org). The modelling
components MODFLOW and WEAP have been dynamically linked so that for each time-step results of one
model are transferred as input data to the other. MODFLOW calculates groundwater heads, storage and flow,
whereas WEAP calculates groundwater recharge, river stage, irrigation demand and the remaining water
balance components. Via the WEAP interface the user can manipulate inputs and evaluate and compare results
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compromised. The definition of sustainable agriculture
(Pieri and Steiner, 1997; Lamarca, 2000) is very
much in line with the concept of CA. On the other
hand, Mrabet indicated in the report of Economic
Commission for Africa (CEA/TGN/CDSR/AGR,
2001) that CA is a technical package that is based on
four principles: the elimination of tillage, a permanent
soil cover of crop residues or cover crops, direct
seeding through this cover using appropriate tools,
and weed control without disrupting the soil. The
author concludes that omission or faulty application
of any one of the four components of the system
would jeopardize the desired success.

The experiments ofthe Arab Agency for Agricultural
Investment and Development based in Sudan
(AAAID) are directed toward the dissemination of
the system taking into account its prerogatives and
~ objectives. But the major concern remains production
and productivity, which neglects to a certain extent
the ecological aspects when evaluating the system
at the agricultural and socio-economic levels. In
Tunisia, CA is applied already on a relatively large
area. The approach focuses on relatively large farms,
whose owners could be convinced of the, primarily
economic, advantages of the system. Due to good
results even within the first year, the system became
quite popular and the area under CA is expected to
reach 100,000 hectares by 2012. The relative success
of CA in Tunisia can be explained by the good selection
of pioneer farmers and the collaboration between
research institutes, development programmes and
farmers’ associations. This experience would have
been more fruitful and have spread to other parts of
the Arab region if a monitoring programme was set in
place parallel to the dissemination approach.

ACSAD as a specialised Arab organisation within
the framework of the League of Arab States and with
the support of GTZ, has started a regional project to
spread CA practices in the Arab countries. This project
has already gained popularity among Syrian farmers,
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and this can be attributed to good awareness of the
developing programme and the selection of realistic
objectives. The number of farmers that joined the
project in Syria increased from 2 farmers in 2006 to 27
farmers in 5 Syrian provinces in 2007. The joint effort
of ACSAD and the American University in Lebanon
also succeeded in convincing interesting large
farmers in Lebanon to try CA practices.In spite of the
merits of CA, its adoption within the region may be
hampered by unfavourable environmental and socio-
economic obstacles. The main constraint is probably
the use of crop residues for feeding livestock which is
not compatible with the introduction of a permanent
ground cover. The joint efforts of all the partners
(public organisations, researchers and farmers’
groups) are a basic requirement for the adoption of
CA systems. CA remains a real hope for the future of

agriculture in the region.
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- There are difficulties to propose new systems
such as CA which do not generate a short term cost
recovery for farmers and farmers’ associations,

- The forage market in most of Arab countries
is poorly developed, and when coupled with an
important livestock population, it leads to a high
pressure on areas rich in biomass especially during
the dry periods.

- The environmental impacts of CA are not well
appreciated by farmers, because securing food in the
short term has a higher priority than soil conservation
or regeneration that can be only achieved on medium
and long term.

Prospects of the Spread of Conservation
Agriculture in the Arab Region

Considering the economic, social and environmental
constraints facing the Arab world in the search for
hypothetical food security and the will to preserve

natural resources, the search for new methods of land
use is pertinent. The adoption of CA systems in a
well-planned and progressive manner could lay the
foundations for a sustainable agriculture that would
provide adequate solutions to the challenges cited
above.

The multidimensional benefits and advantages
of CA systems on the agricultural, economic and
social levels are proven, without doubt (Diagraml).
However, the application of the basic principles of
CA in the geo-climatic and socio-economic context
faces serious difficulties.

The agricultural experimentation in the region is
conducted according to the local context and to the
actual constraints. The experiments carried out by
ICARDA, similar to those conducted in Morocco,
took into consideration the competition for crop
residues by livestock and therefore a main component
of the conservation agriculture, the ground cover, is

Air Quality

-Reduction of the emission of gases.
-Reduction of wind erosion.

-Reduction of pollution.

Water Quality

-Reduction of water losses and

i

Soil Quality

and over time.
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Productivity
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-Productivity increase per input

Diagram 1. Relation of direct drilling systems, environmental components and agricultural decisions (Mrabet, 2001a).

The Arab Journal for Arid Environmentes 1(1)

28

(1)1 &ad) Sl 4 5 el



period will be extended. This has been confirmed on
an experimental field in the district of Zeghouane in
Tunisia, where wheat under a conventional system
had already reached maturity; while that on the plot
under CA was still at the dough stage (Photo 1).

Photo 1. The effect on water dynamics under the CA and
conventional systems is reflected on crop growth period. The
difference in color is visibke. Zone A is at maturity(bright),
whilst zone B is still in the dough stage(dark)..

(Site visit on June 28, 2006, District of Zeghouane, Tunisia.)

This supports the hypothesis resulting from numerous
international experiments performed under different
climatic conditions, on different soil types, and for all
types of crops; that CA does not really have limits. The
results presented in table 1 regarding the efficient use
of water by the system (expressed as amounts of water
used by the crops) confirm similar results obtained in
Mexico (Scopel, 2001; Findeling, 2001). The research
on water dynamics in CA systems executed in Morocco
under humid and dry regimes showed clearly that not
tilling the soil and mulching extended the humid period
significantly (Mrabet, 1997).

Figure 9 showes that it took 40 days to reach the
wilting point in the no-tillage system, whereas it took
only 15 days on the tilled soil. Higher infiltration rates
and reduced evaporation losses under CA increased the
water storage capacity of the soil compared to other
managements of fallow in Morocco (Mrabet, 2001a),
the United States, and Australia (Fig. 10). It is evident
that CA with its higher efficiency in water use remains
advantageous for rainfed agriculture as well as for
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countries with exclusively irrigated agriculture. In the
Arab countries, water resources are the limiting factor
for the agricultural, economic and social development.
This situation is linked with an unfavourable physical
environment namely low rainfall, less developed poor
and low productivity soils, and a sparse vegetative
cover subject to increasing pressures by livestock.
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Figure 9. Number of days required to attain the
wilting point in relation to soil tillage .
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efficiency of water stockage(%)

fallow types

Figurel0. Efficiency of water storage in relation to
fallow management.

Constraints on the Adoption of CA in the Arab
Region

The constraints facing the adoption of CA in the
Arab region could be summarised as follows:

- Soil tillage is part of all production systems and
consequently, the integration of new systems will be
difficult and requires more time for its adoption,
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Figure 7. Erosion as a function of vegetative cover.

The nutritional function of conservation agriculture
stems from the interaction of the ground cover
biomass with climate and soil (Fig. 8). The biomass
through its lignin content and C/N ratio, merged
with the climatic effects (rainfall, temperature) and
the nature of the soil, along through mineralization
processes, generates nutrients, organic acids and
metabolites of the organic matter. This process has
many advantages and allows solving many problems
caused by conventional agriculture. It allows feeding
the crops, the soil fauna, and to a certain degree,
with appropriate management, allows feeding the
livestock. The latter is important for the adoption
of conservation agriculture under the ecological
conditions of the Arab region.

L Biomass of cover —l
i

¥ Nature
CIN Physic

D e Richness P T x
with soil " lianin ’ | contact

><—_—_

1
1 with soil
1
|
|

Speed of mineralization

Nutriments + Organic Acids + Org. Matter Metabolites

l I I

Nutrition crops  Neutralization Neutralization Biological activity
animals and fauna Acidity toxicity Al Acidity

U Stamped Power Complexant 1
detoxification

Figure 8. Nutritional function of conservation agriculture.

Based on the re-established biological activity of
the soil, CA can solve well-known phenomena in the
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region, such as water-logging and acidity frequently
found in the soils of coastal strips and plains of the
Arab region. Through its buffering capacity, it also
aids to a certain degree in overcoming salinity.

Impact On Water Dynamics

The permanentsoil coverin conservationagriculture
reduces run-off, leading to higher infiltration rates
and more water available to crops. Also residual
water left by the cover crop, which is usually dead
when sowing the commercial crop, will be available
for the succeeding crop, thus prolonging the humid
period. Though the context is different in the Arab
region, the results (Table 1) of CIRAD’s research in
the Cerrados of Brazil have shown the importance of
water conservation enhancement and its efficient use
in the CA systems (Scopel et al., 2005).

Table 1. Comparison of the water balance under
CA and conventional systems

Water Balance for Maize
P R Es Ep D Tc ASt

mm mm mm mm mm mm mm

Conv. 907 45 260 - 206 306 89
CA 907 9 159 56 202 350 131
Water Balance for Millets

Management

CA 63 1 63 16 0 126 -114
Water Balance for Rice

Conv. 856 95 229 - 396 127 -53

CA 856 47 208 30 403 141 -78

P = Rainfall; R=Run-off; Es= Evaporation from soil;
Ep = Evaporation from mulch; D= Drainage;
Te= Transpiration of crops; ASt= (change in soil water).

The data in table 1 are relevant for the application of
CA systems in the Arab region, especially for highly
permeable soils of sandy nature. It is evident that CA
reduces water losses through run-off by 50%, the soil
cover alone reduces evaporation losses by 10-20%.
Hence, the commercial crop can benefit from this
supplementary stored water in the soil and the humid
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the other six countries use more than 50% and Libya
and Yemen use more than 100%. For the countries
with exclusively irrigated agriculture, the situation is
more critical. Apart from Egypt, which uses 100% of
its renewable water resources, all the other countries
utilise proportions ranging from 125% in the Sultanate
of Oman to more than 1000% in the United Arab
Emirates (Figs. 5b and 6a).

The adoption of conservation agriculture differs
in its approach and technical applications; but given
the status of natural resource degradation in the Arab
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Figure 6b. Countries with exclusively irrigated agriculture.

region, this system provides, given a well elaborated
location-specific adaptation, a potential solution. The
illustration presented by De Morales, et. Al., (2004),
even though in a context different from that of the
Arab Region, presents the advantage of a clear vision
of conservation agriculture, which is not really a new
system, rather than a simulation of a natural vegetation

ecosystem.

Impact of Conservation Agriculture on the Arab
Region

The degraded natural resources in the Arab region,
as stated before, require conservation agriculture, a
multi-functional system which sustains a ground cover,
protects the soil from erosion, restores soil quality,
controls weeds and sequesters carbon. It provides
clearand obvious advantages for Arab agriculture. The
ground cover not only protects the soil against erosion
by intensive rains, and against high temperatures,
it also reduces evaporation, and serves as a buffer
against the weight pressure of machines and animals.
Underneath the soil surface the root system acts like
a web fixing the soil and the polysaccharides of the
root exudates improve the aggregate stability. Carbon
is continuously sequestered in the root system, which
in turn strengthen soil biological activity (Séguy et
al., 2001c). The nature of the vegetative cover, and
whether or not the soil was worked, considerably

influences the erosion phenomenon (Fig.7).
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and lakes. Inappropriate agricultural practices, such
as ploughing down-slope, intensify these processes.
The hydrological deterioration of these areas,
where rainfed agriculture prevails, combined with
anthropogenic actions is illustrated schematically in
figure (4). Gréco (1979) said in his handbook for the
protection and restoration of major soils in Algeria: “In
this country of 28 million hectares, besides the Sahara,
we estimate that about 13 million hectares or 45%
of the total area are subject to erosion and should be
placed under different regimes and forms of protection
and rehabilitation. This mountainous country with
steep slopes and an increasingly growing population,
a livestock concentration well above the carrying
capacity, looses its arable land at a striking rate”.

Deforested mountains

Sterile slopes/valleys

Depressions

] Risk of inundation

Bad agricultural practices

Figure 4. Hydrological and anthropogenic
degradation in slopy areas.

A Critical State of Water Resources

The surface water resources average in the Arab
region is estimated at 205 billion m3y"'. About 70% of
this water comes from outside the region. The ground
water resources are distributed over large basins and
aquifers, some of which are trans-boundary. The
estimated reserves of the ground water resources
are about 7730 billion m?, with only 35 billion can
be exploited nowadays (AOAD, 2005 ). The annual
recharge of these resources is about 42 billion m’.
Non-conventional water resources includes the
sewage , drainage and industrial waste water and the

desalinated water of desalinisation installations, are
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estimated at around 7.5 billion m’. Drainage water
constitute 5 billion m’, and the desalinated water is
about 2 billion m3. However, there is a remarkable
tendency in the Arab world to reuse sewage water.

The statistics on the use of water resources in the
Arab region indicate a volume of about 191 billion
m’. Agriculture accounts for 89% of the use, domestic
use about 6% and industry uses about 5%. Despite this
high use for agriculture, about 50% of the agricultural
products are imported from outside the Arab region,
as the food requirement in the region increases rapidly
proportional to the population. The volume of water
utilised for agriculture is estimated at 169 billion
m?®, of which 147 billion m® are used for surface
irrigation by gravity, with a water use-efficiency of
only 38% (water use efficiency is the ration of the
crop water requirements to the total water supplied to
the crop). The losses are estimated at 91 billion m?. It
is evident that the increase of the water use-efficiency
in agriculture is of first priority.

New cropping systems and cultural practices
have to be explored and adapted to the regional
situation. Conservation agriculture represents one
of the appropriate solutions for this specific context
(Belloum, 2003). The indicators for land resources
indicate that the area of agricultural lands in the
year 2003 was 70.2 million hectares (4.9% of the
total area of the Arab world), 24.3% of which were
irrigated (AOAD, 2005). The Arab region could be
subdivided into two agricultural zones based on the
type of practised agriculture; countries where the
climatic conditions allow a predominantly rainfed
agriculture (Fig. 5a), and countries where irrigated
agriculture is exclusive (Fig 6b). Figures 5b and
6b show undeniably the importance of water as the
limiting factor in agricultural production.

Of the countries with predominantly rainfed
agriculture, only five countries (Tunisia, Morocco,
Lebanon, Algeria and Mauritania) use less than 50%
of the available and renewable water for agriculture;
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(S, corresponding to three consecutive months
during which the accumulated rainfall is highest).
But its major importance lies in the fact that it
explains a climatic characteristic, e.g., if the rainfall
is concentrated in a single season, rains are in most
cases heavy and torrential, having a high erosivity
index (Fig. 2). This figure shows that all the selected
sites had an S/P index close to 0.5, which means that
50% of the rainfall was concentrated in one period.
Theoretically, rainfall would be evenly distributed
if the index value approaches 0.25 as opposed to a

concentration where the index value approaches 1.
0.6

05-
0.4
& 03;
0.2

0.11
0

There are many indicators that can explain/
express the climatic situation. Among these indices
is the aridity index of De Martonne that characterises
the climate of a region, but allows, above all, the
delineation of the zones requiring irrigation (Belloum,
1991). This index is a function of the mean annual
precipitation (Pa in mm) and mean annual temperature
in °C,{ 1= Pa/(T+10)}. The determination of monthly
aridity indices( Am) based on a series of observations,
within a sample area, allows a realistic definition of
the irrigation period (Fig. 3).

In fact the Arab region lies within a transitional
climatic region with a double affiliation with respect to
seasons. In summer, it is a subtropical climate marked
by increased drought, and in winter, the tendency
is more towards the temperate or moderate areas,
however with torrential rains. Under these conditions,
the natural constraints limit the intensification of the
land use in the region. This is expressed mainly by
inundations during the rainy periods which prevent
the use of lower lying areas, and by severe soil
erosion on slopes, which not only results in a decline
of soil fertility but also in the sedimentation of dams

\j

0<Am< 20

EJan. [@EFeb. Mars. @ Apr. [EMay [EJune [EJuly Aug. [@DSept. [EOct. Nov. Dec.

7] Irrigation indispensable irrigation neceésary

[ llrrigation not necessary

Figure 3. Aridity indices of De Martonne and the irrigation seasons
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INTRODUCTION

Because of the prevailing rainfall patterns and soil
types, the semi-arid and arid areas constitute almost
90% of the entire area (14.3 million km?) of the Arab
region (ACSAD, 2004) and are considered among the
most fragile and unstable ecosystems in the world. The
rapid population growth (2.6% per annum) increases
the pressure on the natural resources (AOAD, 2004)
and consequently the degradation of land and water
resources becomes alarming. This situation implies
the need for a sustainable agricultural production that
conserves the environment and provides income to
farmers at an acceptable productivity and performance
with a feasible cost for the state. Conservation
agriculture, although it is perceived in the region
with great caution, due to the lack of information and
to the ambiguity of the definitions given to it so far
(no-tillage, direct drilling/seeding, drilling/seeding
through a vegetative cover), could be the solution for
agricultural production without degrading the natural
resources. The system, however, runs the risk of not
being accepted by the farmers if the direct benefits it
provides are not greater than, or similarto those offered
by conventional agriculture. The dissemination of the
CA has to be supported by appropriate agricultural
policies and participative research programmes that
deepen the knowledge of the biophysical mechanisms
underlying the functioning of the system and the
conditions for its adoption by farmers (CNEARC -
CIRAD-CA, 2001).

An Unfavourable Geo-Climatic Context

An unfavourable climate, marked by spatio-
temporal irregularities, coupled with growing tensions
on land and water resources, stresses the importance
of a progressive orientation towards an economically
feasible and environmentally viable agriculture.
Where soils were subjected to an intensive agriculture,
follows  automatically.

physical  degradation
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Establishing a well-managed system of conservation
agriculture allows producers to increase and maintain
soil organic matter and soil life. As such, the impact on
soil stability, reduction of erosion, and increased water
use-efficiency are remarkable (Blanchart et al., 2000).

The geo-climatic context of the region is mostly
Mediterranean, characterised by a relatively temperate
(rainy) season during which the cyclonic disturbances
bring rain, sometimes substantial events, especially
on hills. This is followed by a dry period and calm
weather (Belloum, 1992). The rainfall pattern reflects
the same trends and tendencies of the Mediterranean
climate (alternating dry and wet periods). It is essential
for the presentation of the rainfall distribution and
its pattern to determine two indices that translate
the nuances of the pattern and the inequality of the
distribution.

The index P/n is a direct function of the average
annual rainfall(P) and is inversely proportional to the
number of rainy days per year(n). In fact, it expresses
the degree of the uneven rainfall distribution
throughout the year. A high value of P/n indicates a
concentration of rainfall or precipitation. A small value
of this index indicates simply a rainfall distribution
which is staggered over time; which is not the case of

all the sites taken as example (Fig. 1).
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Figurel. Index P/n of the unequal distribution

The index S/P reflects perfectly the rainfall

concentration in a period of maximum precipitation
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ABSTRACT

The high population growth rate, the degradation of agricultural lands and the scarcity of water have raised

some doubt about the continuous suitability of dominant agricultural systems in the dry lands of the Arab
region. In face of these environmental and economic challenges and even though there are currently local
solutions, there is a need to reconsider those traditional agricultural systems and try new agricultural systems
which may help in preventing soil degradation and increasing land productivity.
Conservation agriculture (CA) is considered a promising solution for the region, but looked upon sceptically
because of lack of information and because of the varying definitions and terms used actually (no-tillage,
direct planting through a soil cover, conservation tillage, etc.). The system risks not to be accepted by farmers,
if the economic benefits are not superior to those of the conventional systems, and if it is not supported by
agricultural policies and scientific research. Great efforts by all partners and stakeholders are required to
implement this system which remains a real hope for sustainable agriculture in the Arab countries, in rainfed
as well as in irrigated agriculture.

Keys Words: Conservation agriculture, Aridity index, Adoption, Rainfed agriculture, Water resources
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0.41 , u_is wind speed at height z (m s™).

According at Allen et al. (1998) the following
assumptions were made :

d=0667h, z_=0.123h, z,=0.1z

h was replaced by 6 m the average weighted tree
height in oasis.
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Figure 9. Wind speed measured atl hr interval in

Palmyra oasis.

Figure 10 shows that most of s values ranged between
400 and 1000 sm’. This result is in agreement
with the finding of Lemeur and Zhang (1990) who
reported that surface resistance in arid region should
be between 400 and 1000 s m™! for grassland and crop.
This value is much higher than 70sm™ used in the
equation 4 as proposed by Allen et al. (1998). In such
high wind speed condition using Penman-Monteith
model to estimate ET might be inappropriate.

Figurel0. The variability of surface resistance (rs)

during the year.
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CONCLUSIONS

e Under current water management practice water
stress in Palmyra oasis is unavoidable and the
shortage in soil moisture availability might restrain
plant evapotranspiration.

e The daily evapotranspiration rates for the trees in
the oasis were below potential value predicted by
weather based model. Therefore, incorporating soil
moisture dynamic with ET models is essential to
get better estimation of crop evapotranspiration.

e In windy condition such that prevailing in Palmyra
oasis, Penman-Monteith model gave higher SEE
value than simpler models such as Turc, and
Hargreaves models.

e In arid condition crops shows greater resistance to
transfer water vapor through stomata
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Figure 7. Comparing measured and calculated crop
evapotranspiration after incorporating stress factor.

Table 5. The standard error of estimate (SEE) and
regression result between measured and estimated
evapotranspiration after incorporating the stress
factor.

Model SEE R? Regression
(n=227) (mm/day) equation
Penman-
Monteith 0.84 0.76 1.01x+0.63
Hargreaves 0.58 0.75 0.8x+0.82
Turc 0.57 0.69 0.65x+1.03
DISCUSSION

The highest values of SEE of Penman-Monteith
model results could be due to the fact that Penman-
Monteith model assumes fixed value for stomata
resistance and do not allow the variability of this
resistance with wind speed. Many researchers
(Campbell-Clause, 1998; Pappas and Mitchell 1985)
reported that evapotranspiration increases with the
increase of wind speed but at higher wind speed
transpiration eventually decrease due to stomata
closure. Campbell-Clause ( 1998) found that wind
speeds above 4 m/s reduced evapotranspiration for
grapevines compared with less windy conditions
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(wind speed <4 m/s). Brunel et al. (2006) found in
their study of evapotranspiration from Palmyra oasis
that ET increases rapidly with wind speed to threshold
wind speed around 2.5 m/s then begins to decrease
at higher values. Figure 8 shows hourly values of
ET versus hourly value of wind speed during June
2005. Similar to Brunel et al. (2006) finding, at wind
of 2.5 m/se the evapotranspiration value started to
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Figure 8. Effect of wind speed on evapotranspiration
during June 2005.

decrease. As indicated by figure 9, wind speed at the
study site for most of the time exceeded 2.5 m/sec.
Since Penman-Monteith model does not consider the
stomata closure at high wind speed, it is expected
with high wind speed condition to overestimate
evapotranspiration. As further demonstration equation
3 was rearranged and solved for . Measured value
of evapotranspiration (ET,,,) used for ET, r was
calculated as described by Allen et al. (1998) i.e. :

ln [zm o, d\]h,l(zh - dj
y o — Zum :O/l

a— >

Ku,

(15)

Where:

r, is aerodynamic resistance (s m™), z is height
of wind measurements (m), z, is height of humidity
measurements (m), dis zero plane displacement height

(m),z is roughness length governing momentum

om

transfer (m), z , is roughness length governing transfer
of heat and vapour (m), K is von Karman’s constant,
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Comparing Measured and Calculated Crop

Evapotranspiration

Figure 6 compares the E7c calculated from the
climatic models using equation 7 with that measured
with eddy covariance method. Throughout the study
period (227 days) ET calculated from the climatic
models consistently overpredicted ET, . Total
measured ET was 62, 74, and 67 % of that calculated
using Penman-Monteith, Turc, and Hargreaves
modeld, respectively. The Penman-Monteith model
had the highest standard error of estimate (1.63 mm/
day); however it had the highest R’ value (Table 4).
Turc model gave the smallest standard error with R’
of 0.67. The shape of the ET trend obtained from the
climatic models was reasonably compared to that

obtained from eddy covariance method.
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Figure 6. Comparing measured and calculated crop
evapotranspiration.

Table 4. The standard error of estimate (SEE) and
regression result between measured and estimated
evapotranspiration.

Model SEE 5 Regression
(n=227)  (mm/day) equation
Penman-
+
T— 1.63 0.74 1.16x+1.09
Hargreaves 1.23 0.70 0.91x+1.31
Turc 1.04 0.67 0.72x+1.56

and calculated
incorporating

Comparing measured
evapotranspiration after
factor

crop
stress

Figure 7 compares evapotranspiration values
calculated from climatic equation after considering
the stress factor (Equation 9) with ET . All of the
three models estimates of ET were impfoved. Total
ET , was 565 mm compared to 714, 600, and 642
mm total evapotranspiration calculated using Penman-
Monteith, Turc, and Hargreaves models, respectively.
The SEE was reduced to be less than 1 mm/day for
all investigated models. Turc model results nearly
approximated measured evapotranspiration. Penman-
Monteith gave the highest SEE (0.84 mm/day) but it
has better R” than the other two models.
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The validity of eddy covariance measurement was
evaluated using the Pruger et al. (1996) fraction of
energy balance due to closure calculation i.e
LE + H
Rn +G

(14)

Fraction closure =

Where:
LE is the latent heat flux. Other symbols are as
explained earlier.

Closure of energy balance was acceptable (slope
= 0.94, R’=0.91) (Figure 2) for the site over the
measurement period. G was used as an average value
of the two heat flux plats installed in the shaded and
in the open area. Brunel et al. (2006) attributed the
bias in the energy closure in the Palmyra oasis to
instrumentation error and the difference in the radius
of measured surface (influence area) of the instrument
used to measure H and LE and that used to measure
Rn.
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Figure 2. Energy balance closure

Soil Moisture Dynamic and Stress Factor

Figure 3 shows the time series of soil moisture at
seven depths the TDR sensors were installed. It can
be seen clearly the dynamic nature of soil moisture
at the upper soil profile (measured at depths of
0.10,0.25, and 0.50 m) compared to that measured
at lower soil profile (measured at depths of 0.75,
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1.00, 1.25, and 1.50 m ). At the upper soil profile,
soil moisture changed between less than 20 % prior
to an irrigation event to 31 % (near field capacity)
after irrigation events. The lower soil profile was less
responsive to precipitation and irrigation events that

the soil moisture was held near field capacity.
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Figure 3. Time series of daily volumetric soil moisture
contents measured at depths of 0.1, 0.25, 0.5, 0.75,
1, 1.25, and 1.50 m.

The fact that the soil moisture content at upper soil
profile were mostly below field capacity indicates
that the trees in the oasis experienced some degree of
water stress. In order to obtain stress factor, pattern of
extraction of soil water by oasis trees was obtained in
the tope 1.5 m of soil profile (Figure 4). The water
extraction ratios were 33, 30, 13, 10, 6, 5, and 3 %
at depths of 0.1, 0.25, 0.5, 0.75, 1, 1.25, and 1.50
m respectively. It can be noted that approximately 75
% of the water uptake occurred from the top 50 cm
of soil profile. This result is similar to that obtained
by Gardner (1983) who developed crop extraction
curve based on data from about 40 different root
water uptake measurements on wide range of species.
Figure 5 shows the stress factor calculated from
equations 10 and 11 for the 1.5 m top soil profile.
The Ks values oscillated between 0.65 and 1 with an
average value of 0.77. This indicates that under the
current water management in the oasis, water stress is
almost unavoidable.
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for well watered crop. To estimate actual evaporation,
Fisher et al.( 2005) introduced soil moisture function

or stress factor as following

actuals = KS ET(_ (9)
Where:
K. is defined as
%
K. =— 10
S fC ( )

In which, 8 is the measured volumetric moisture
content%, and fc is the volumetric field capacity (%).

Fisher et al. (2005) used the volumetric moisture
content measured at 20 cm depth as value for 6, This
might be valid for non irrigated forest, however for
irrigated crop, Ks need to be representative for the
whole rooting depth. Therefore, in this study Ks
was calculated at the seven depths where the soil
moisture content and field capacity were measured.
The calculated Ks 5 values were weighted according
to root extraction ratio and the tress factor for the top
1.5 soil profile was obtained as following:

Ks =m IKSO_ .- m_,KsU‘JDHr m JKS’).J_‘*‘ m JKS()_75+

mKs, +mKs, .. +mKs, .. (11)

Where:

KS(). r Kso.zi Kso.a'()’ KSO.75’ Ksu)o’ K51,25’ anszLﬂ) are
the stress factors calculated at depths of 0.1, 0.25, 0.5,
0.75, 1, 1.25, and 1.50 m, respectively.

m,,m,, m,, m, m., mg., and m, are the root
extraction ratio at depths of 0.1, 0.25, 0.5, 0.75, 1,
1.25, and 1.50 m, respectively.

Root extraction ratio at each depth was calculated
based on the change in soil moisture content between

two successive irrigation i. e.:

As.
m; = I (12)

>as
i=1

Where:
AS.is the change in stored soil water at depth i

The Arab Journal for Arid Environmentes 1(1)

which is determined by multiplying the change in
volumetric water content at depth / by the depth
of soil layer between two successive irrigation.
Measurements during and immediately after irrigation
were eliminated to avoid inaccuracy due to deep

drainage.

Statistics

The agreement between measured values of
evapotranspiration (E7, ) and those estimated from
climatic models were quantified using the Standard
Error of the Estimate (SEE) which is a measure of
the scatter of the estimated evaporation around the
measured evapotranspiration

(EYZV ay _E]—;rll)( e, >2
ﬂE:JZ - : (13)
n-2
Where:
ET .. are values of measured ET using eddy

eddy
covariancemethod, E7 , arevalues of ET determined

from a climatic model,

Moreover the coefficient of determination (R?) was
determined using linear regression analysis between
the measured ET value and that obtained from the
climatic models. The intercept mean value of linear
regression between predicted and measured ET was
used also to assess the performance of different
ET models. High interception means model over
predicted ET during early season. Interception value
close to zero is desirable. Slope close to 1 indicates
better prediction (Sau et al., 2004).

RESULTS
Eddy Covariance Measurement

Evapotranspiration in the oasis was measured during
2005 between February 16 and October 8. The value
of ET during this period ranged between 0.36 mm/day
on February, 15 and 4.57 mm/day on Jun 28. The
total ET during the measurement period was 565 mm.
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Rn is net radiation at the crop surface (MJ m* day™'),
G is soil heat flux density (MJ m* day™'), T is mean
daily air temperature at 2 m height (°C), u, is wind
speed at 2 m height (m s'), es is saturation vapor
pressure (kPa), ea is actual vapor pressure (kPa),
es-ea s saturation vapor pressure deficit (kPa),
A is slope vapor pressure curve (kPa °C), and vy is
psychrometric constant (kPa °C™).

The Hargreaves model

The Hargreaves E£70 models (Hargreaves, 1974) is

given as
ETO B 0 0025 (7:11&111_‘—] 7'8)(Tma\'- T;n[n ) 05Ra (5)
Where:

T ., is the mean air temperature (°C), 7 is the

max

maximum air temperature (°C), 7 is minimum air

temperature (°C), and Ra is extraterrestrial radiation
(MJ m? day™),

The Turc model

The Turc model (Turc ,1961) is given as

ETo=0313T, (Rs+t2.D/T, +15)
Where:

Rs is the solar radiation (MJ m™ day™),

(6)

Crop evapotranspiration

The crop evapotranspiration (ET,) is determined
from the reference evapotranspiration using the crop
coefficient (Kc) as following

ET.=KcETo (7

Where:
Kc is the crop coefficient

The Oasis has 70,000 trees of date Palm and 250,000
trees of olive. The crop coefficient for this mixture of
tree is given as (Allen et al. 1998 ):

:f/ h,Kce,+f, h,Kc,
G+ fh

Kc 8)

Where:
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Jf,is number of olive trees, h, is height of olive trees,
Ke, is crop coefficient for olive trees, £ is number of
date palm trees, 4, is height of date palm trees, and
Kc, is crop coefficient for palm trees

Doorenbos and Kassam (1986) stated that olive
are best irrigated using K. of between 0.4 and 0.6. In
[taly, Deidde et al. (1990) recommended K. of 0.66
for olive tree. In California, it was recommended
that olive best irrigated at Kc = 0.75 (Beede and
Goldhamm 1994). In Spain Pastor and Orgez (1994)
have found the monthly Kc’s value presented in table
3 for olive orchards having 60% ground cover. These
values were considered in this study because similar
ground cover presented in the experiment site.

For date palm tree (Doorenbos and Pruitt, 1977)
stated that K. ranges between 0.8 and 1. Liebenberg
and Zaid (2002) presented monthly K ’s (Table
3) varied between 0.8 and 1. These values were
considered in this study.

Table 3. crop coefficient (Kc) for olive tree, date palm
tree and for mixed system.

Month Kc olive Kc date  Kc mixed

palm tree*
1 0.5 0.8 0.60
2 0.5 0.8 0.60
3 0.65 0.8 0.70
4 0.6 0.9 0.70
5 0.55 1 0.70
6 0.5 1 0.66
7 0.45 1 0.63
8 0.45 1 0.63
9 0.55 1 0.70
10 0.6 1 0.73
11 0.65 0.8 0.70
12 0.5 0.8 0.60

* using equation 8

Actual evapotranspiration

As mentioned earlier, climatic models estimate ET
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Where:

ET ,, isthe evapotranspiration calculated from eddy
covariance method, A is the latent heat of vaporization
of water, p is the density of air, w’ is the deviation in
vertical wind speed from average vertical wind speed,
and q' is the deviation in specific humidity of air from
average specific humidity of air. The sensible heat
flux was calculated as

H=p c,cov(w'T") (2)
Where:

¢, is the specific heat of air, T’ is the deviation in
temperature of air from average of air temperature.
Air temperature was measured using the sonic
anemometer.

In addition to eddy covariance measurement
above the canopy, temperature and relative humidity
were measured using MP100A temperature and
relative humidity probe. Horizontal wind speed
were measured using 05103- L RM Young2 Wind
Monitor, net radiation were measured using NR-
Lite net radiometer. Incoming solar radiation were
measured using Pyranometer (Campbell Sc.). These
instruments were installed above the canopy near the
eddy covariance instruments. Moreover, two HFPO1
Heat Flux plate were installed 3 cm below the soil
surface. One plate was installed in an open area and
the other one in shaded area below the trees canopy.
These data were logged every 15 minute using CR10X
datalogger.

Soil moisture measurement

In the same field the eddy covariance system was
installed, seven 30 cm TDR probes (CS616, Campbell
Sc.) were used to measure volumetric moisture
content. The probes were buried horizontally at depths
of 0.1, 0.25, 0.5, 0.75, 1, 1.25, and 1.50 m below the
soil surface. The TDR probes were connected to a
CR10X data logger (Campbell Sc.) and soil moisture
measurements were recorded every hour. The TDR

The Arab Journal for Arid Environmentes 1(1)

10

readings were calibrated using gravimetric method.
Soil matric potential was measured with mercury
Tensiometer (STM 2150, SDEC FRANCE). Seven
tensiometers were installed at similar depths as the
TDR probes. The tensiometers readings were taken

manually on daily basis.
Evapotranspiration models

Three models were selected to estimate evapo -
transpiration: FAO Penman-Monteith, Turc, and
Hargreaves.

Penman-Monteith model

The Penman-Monteith model for estimating
Evapotranspiration from vegetation cover is given as

(Allen et al., 1998) :

where:

Rn is the net radiation, G is the soil heat flux, (es
- ea) represents the vapor pressure deficit of the air, p_
is the mean air density at constant pressure, cp is the

AR —G)+p,c, & =)

specific heat of the air, A represents the slope of the

(IC[?

a

AET =

- (3)
A+ y(l + ;i
saturation vapor pressure temperature relationship, y is
the psychrometric constant, and » and 7 are the (bulk)
surface and aerodynamic resistances, respectively.
Equation 3 has been reduced to reference crop
form for a theoretical grass of 0.12 m height, surface
resistance of 70sm™ (based on assumption of fixed
leaf resistance of 100 sm™), a fixed albedo and the
wind speed defined at 2.0 m height (Allen et al., 1998)

ie:

0.408A(R, —G)+7 —2_ 4\ (e, —e.)
0 A+y(1+034u,)
Where:

ET is reference evapotranspiration (mm day™),
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are olive and palm trees. The micrometeorological
and soil moisture measurements were made in a 0.4
ha field chosen to be well representative with fetch
around 1 km in each direction.

Rainfall (mm)

Figurel. Rainfall distribution during 2005.

The soil texture is sandy loam to depth of 0.35
m, sandy clay loam between 0.35 m and 1.50 m and
sandy clay at 1.5 m. Table |1 summarizes some of the
soil physical characteristics at different depths below
the soil surface.

Table 1. Some of the soil physical characteristics at
the experimental site.

g % % i d}e?)r?slilzy ca?:iiy
(cm) Sand Silt Clay (). (et a)
10 73 11 16 1.41 34.6
25 472 9.8 16 1.37 28.5
50 654 11.6 23 1.21 25.9
75 544 146 31 1.10 28.1
100 552 148 30 1.18 525
125 502 16.8 33 1.18 30.2
150 46.4 184 352 1.13 28.1

The oasis is irrigated with traditional flood
irrigation method. Water is delivered to the farmer
once a month from a governmental public well.
However, most farmers have their own wells and they
apply additional irrigation to their farm land. Table
2 illustrates the irrigation schedule and amount of
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irrigation during the year of 2005 applied to the 0.4
ha field in which the instruments were installed.

Table 2. Applied irrigation water during 2005.

Date Total applied volume (mm)
18/3/2005 77
26/3/2005 79
28/5/2005 63
17/6/2005 98
28/6/2005 70
15/7/2005 51
31/7/2005 129
17/8/2005 53
1/9/2005 66
2/10/2005 67
3/11/2005 65
4/12/2005 96

Total 1043

Eddy Covariance Measurements

Eddy covariance techniques (Swinbank, 1951) was
applied tomeasureactual evapotranspiration fromtrees
in the oasis because was long held by many researchers
( Kaimal ,1975; Kizer et al., 1990 ;Williams et al.,
2004) to provide the most accurate ET measurement
of flux with sound theoretical basis. Eddy covariance
instruments were mounted on a tower 5 m above the
trees canopy. The system consists of a CSAT3 three
dimensional sonic anemometer (Campbell sc.) and a
KH20 Krypton hygrometer (Campbell sc.). The three
dimensional sonic anemometer in which ultra sonic
signals is pulsed between three pairs of transducers
was used to determine vertical wind speed. The
Krypton hygrometer measures the water vapor density.
These instruments were scanned every 0.15 sec and
the vertical wind speed and vapor pressure were
averaged every 15 min and logged into a CR23X data
logger (Campbell sc.). Evapotranspiration (E7T, , WAH
calculated from the following equation

ET;ddy - kp COV(“],q I) ( 1 )

(1)1 &kal clil) Iy yal) Alsnal



INTRODUCTION

In many Arab countries such as Algeria, Morocco,
Tunisia, Egypt, Libya, and Saudi Arabia, oases
provide important economical and recreational
resources. Unfortunately, many of these oases are
undergoing severe environmental problems such
as water logging, ground water contamination, and
elevated soil salinity. Major cause of such problems
is mismanagement of irrigation water. Estimating
evapotranspiration (ET) is a key requirement in
irrigation planning, scheduling, and evaluating.
Therefore, reliable estimate of ET in Oasis is needed
to increase water use efficiency and provide better
management of available water resources. Currently
there is a general shortage of data on actual water
uptake of such system. Oases have unique features
that they typically have a mixed system of species.
Traditionally weather based models such as Penman-
Monteith, Turc, Jensen-Haise, Hargreaves models
are used to estimate reference evapotranspiration
(ETo). Then the crop coefficient (Kc) is used to
calculate ET for different crops (i.e E7c = KcxETo).
However, Evapotranspiration calculated in this
method represents the potential ET rather than actual
evapotranspiration. Potential evapotranspiration 1is
defined as the evapotranspiration under optimum
soil water conditions (near field capacity) (Watson
and Burnett 1995). However, in reality soil moisture
content might vary greatly and ET value will be
limited by moisture availability. Nuberg and Yundsa
(2003) showed  strong correlation between soil
moisture and ET. Stibbe (1975) calculated the
reduction in transpiration with soil water content
for Eucalyptus Occidentalis in desert area and
found that total root water extraction rate decreased
approximately linearly with logarithm of absolute
rate of the soil moisture. Morepo et al. (1996) in their
study of root sap flow of olive trees found that daily

transpiration was well below potential value predicted
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by Penman Montieth equation after three days from
well watering tree by flood irrigation. Brandose and
Wilcox (2000) investigated the relationship between
ET and soil moisture content in semi arid posdrespn
pine forest and they found that there was good
correlation between ET and soil moisture content.
Fisher et al. (2005) compared three climatic based
ET models with ET values measured using eddy
covariance system. They found that all tested models
overpredicted measured ET values. In her study in
Palmyra Oasis, Samaan (2005) found that measured
ET using eddy covariance method was only 65 % of
that determined using Penmam-Monteith equation.
She speculated that this difference could be due the
fact that the plant conditions in the oasis were not
optimal as required by Penmam-Monteith equation;
however, no measurements of soil moisture content
were performed in that study.

The objectives of this study were 1) to determine
actual seasonal ET from Palmyra Oasis, 2) to evaluate
the important of considering the dynamic of soil
moisture content in determining evapotranspiration
rate, and 3) to evaluate different climatic based
equations to estimate ET.

MATERIALS AND METHODS

Study Area

The study area is located in Palmyra oasis near
the town of Palmyra (latitude 34° 32" N, longitude
38°16 E) in the center of the Syrian desert. The
climate is mediterranean arid. The average maximum
temperatureduringhottestmonthis37.8 C°,theaverage
minimum temperature during the coldest month is 2.4
C °. Rain season extends from October until May with
an average annual rainfall of 120 mm (Samaan, 2005).
Figure 1 shows rainfall distribution during the year
of 2005. Annual pan evaporation is 2300 mm. The
whole Oasis covers 1000 ha. The main cultivations
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ABSTRACT

Weather based models are extensively used to estimate evapotranspiration (ET) from vegetative cover.
However, evapotranspiration calculated using this method represents the potential ET rather than actual
Evapotranspiration. In this study, results of incorporating soil moisture measurements with such models were
compared with measured ET values using eddy covariance method. Three climate based models (Penman-
Monteith, Turc, Hargreaves) with different complexity were selected to estimate ET. The TDR sensors were
used to measure soil moisture content continuously at different depths in soil profile.

The trees in the Oasis were found to undergo water stress where the stress factor varied between 0.65 and
1 with an average value of 0.77. Incorporating soil moisture dynamic improved the prediction of the three
evaluated ET models. The SEE was reduced to be less than 1 mm/day for all investigated models. Turc and
Hargreaves nearly approximated measured ET and gave better estimation than Penman-Monteith model. The

discrepancy in Penman-Monteith model found to be a result of using fixed value for stomata resistance and not
considering stomata closure at high wind speed.

Key words: Evapotranspiration, Oasis, Water stress, Soil moisture
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on that of weaning. Chawla et al., (1982), Jan and
Gupta, (1993), Gebrelul et al., (1994), Miah et al.,
(2002), Mtenga et al., (2006), and Ndamukong
(2006) confirmed similar effect of birth type on pre-
weaning mortality. However non-significant effect
of birth type on mortality rate from birth to weaning
was observed (Singh et al., 1990; Mandonnet et al.,
2003; Donkin and Boyazaglu, 2004). The increase
of mortality rates at birth in single kids may be due
to kidding difficulties, while mortality rate among
multiple kidding takes place after birth might be due
to maternity capability and/or management practices.
In the present study, no effect of gender of kid on the
mortality rate at birth and at weaning were observed
and this is in consistent with those of Mazumdar et
al. (1980), Singh et al. (1990), Donkin and Boyazoglu
(2004), and Mtenga et al., (2006) who reported no
differences due to sex of kids on pre weaning mortality
rate, but disagrees with the findings of Gebrelul et al.,
(1994), Miah et al. (2002) and Ndamukong (2006)
who reported significant differences in pre weaning

mortality rates between sexes in goats.

Mortality of early born kids was shown to be
slightly, but not significantly higher than that of late
born kids. This may be due to the chance of survival

under different environmental conditions.

Heritability estimates of mortality rate at birth
and at weaning were 0.02+0.005 and 0.02+0.009,
respectively. Similar results were detected by Singh
etal., (1990) who worked on purebred Black Bengal,
Jamunapari x Black Bengal and Beetal x Black Bengal
goats in India. This insures that environmental, but
not genetic factors stand mainly behind the survival
rates of kids at birth and pre weaning periods.

It was concluded that mortality rate of kids at birth
and at weaning was affected by some environmental

factors and better management might reduce it.
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Table2. Least Squares Means =+ Standard Errors (LSM+SE) of the kid mortality rates at birth and at weaning

(90 days) in Shami goats.
o Mortality at birth Mortality to weaning
Source of variation No. [SM<SE No. [SM = SE
1l 1190 + 0.010.12 1005 0.06 = 0.01
Year of kidding
1993 12 0.24+0.04a 47 0.18+0.03
1994 69 0.06+0.04ed 63 0.08+0.03
1995 71 0.09+0.04ecd 63 0.04+0.03
1996 119 0.07+0.03ed 109 0.07+0.02
1997 110 0.22+0.03bc 85 0.03+0.02
1998 138 0.12+0.03bcde 120 0.04+0.02
1999 103 0.19+£0.03bed 82 0.03+0.02
2000 85 0.21£0.04ab 64 0.09+0.03
2001 117 0.12+0.03bcde 99 0.06+0.02
2002 42 0.06+0.05ed 39 0.03+0.02
2003 82 0.10+0.04bcde 71 0.04+0.02
2004 53 0.15+0.05bed 43 0.10+0.03
2005 68 0.08+0.04ed 62 0.07+0.03
2006 61 0.04+0.02¢ 58 0.04+0.03
Parity
1 st 449 0.20£0.01a 345 0.11+£0.01a
2 nd 259 0.15+0.02b 227 0.04+0.01b
3rd 161 0.12+0.03b 144 0.05+0.02b
4 th 154 0.11£0.03b 138 0.05+0.02b
5th 81 0.10+0.04b 72 0.06+0.02b
>6th 86 0.07+0.04b 79 0.07+0.02b
Gender of kids
1 (male) 603 0.13+0.01 516 0.07+0.01
2 (female) 587 0.12+0.01 489 0.05+0.01
Type of birth
1 (single) 335 0.17+0.02a 256 0.06+0.01
2 (twin) 623 0.10+0.01b 544 0.05+0.01
>3 (triplet) 188 0.11£0.02b 165 0.07+0.01
kidding period'
1(early) 308 0.13+0.02 249 0.08+0.01
2 (late) 736 0.12+0.01 644 0.05+0.01

'Dates of kidding were classified into two periods {(early) before 15 January, and (late) on and after 15 January}. Similar letters
within the same column denote no significant difference between means.
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The SAS (1998) program was used to separate means
of studied factors according to Duncan methodology.
The heritabilities of mortality rate at birth and birth-
weaning were estimated by Multiple Trait Derivative-
Free Restricted Maximum likelihood (MTDFRML)
Program (Boldman et al., 1993) using the previously
defined animal model.

RESULTS AND DISCUSSION

Analysis of variance (Table 1) indicated that year
of kidding had a highly significant effect (P<0.01) on
kid mortality rate at birth but not at weaning and this
is consistent with the results reported by Chawla et
al. (1982) in India, Gebrelul et al., (1994) in Alpine,
Nubian and crossbred kids and Mtenga et al., (2006)
in Small East African goats. It can also be seen in
this study (Table 2) shows that parity had a significant
effect (P<0.05) on both mortality rates. This agrees
with Mazumdar et al., (1980) in Pashmina kids and
Barding et al., (2000) in Osmanabadi goats findings,
but disagrees with the results reported by Mandonnet
et al., (2003) in Creole kids.

Table 1. Analysis of variance for mortality rate of
kids at birth and at weaning adjusted to 90 days of age
in Shami goats.

Source of Mean squares

variance D.E. BWMO D.F. WWMO
Year of kidding 13 0.310935** 13 0.084928
Parity of dam 5 0.384110* 5 0.130102 *
Gender of kid 1 0.025190 1 0.088986
Type of birth 2 0.409372% 2 0.017638
Kidding period 1  0.001166 1 0.108638

Remainder 1167 0.125141
BWMO: Birth Weight Mortality.
WWMO: Weaning Weight Mortality.*: P<0.05, **: P<0.01.

982 0.054675

However, no systematic trend for mortality rate at
birth and at weaning in relation to year of kidding
was observed. Parity showed a decreasing trend
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of mortality rate at birth from the first to the sixth
kidding. This might be due to dam maturation which
might increase the survival rate of kids.

The leastsquares means ofthe mortality rates, shown
in Table 2, indicated that the mortality rate was the
highestin 1993. Mortality rates at birth and at weaning
ranged between 4-24% and 3-18% respectively
during the study period. These differences might be
due to diseases, climatic conditions, rearing methods
and also to management practical Morality rates were
recorded to be the highest (20% and 11%) in the
first parity, which might be probably due to maternal
difficulties at kidding and in milk produced in the first
parity. Male kid mortality rates are not significantly
different from that of female kid mortality either at
birth (13% vs.12%) or at weaning (7% vs. 5%).

Results in Table 2 indicate that the general least
square means of mortality rates were 0.12+0.01 and
0.06 + 0.01 at birth and at weaning respectively. The
mean of mortality rate at weaning obtained in this study
6.0% was less than that reported by Ikwuegbu and
Ofadile (2006) and it amounted to 11.3% for the same
weaning age in Nigeria West African Dwarf goats.
Many studies, in the literature estimated mortality
rate at different weaning ages (1 to 6 months) to be
32.1 in Indian diary goats (Chawla et al., 1982), 27.2,
in Yaez goats (Rattner et al.,1994), 29.0, in South
African goats (Donkin and bayozoglu, 2004), 37.0, in
Indigenous goats (Sebei et al. ,2004), 40.6, in Small
East African goats (Mtenga et al., 2006) and 32.4, in
Bamenda goats (Ndamukong, 2006). The variations
between the present results and those reported by
the other investigators could be explained by the
differences between breeds, management practical
models used for statistical analysis and genetic
variations such as the potential capabilities of dams
in raising their kids.

It was also found that type of birth had a significant
effect (P<0.05) on kid mortality at birth, but not

(1)1 &ladl il 4y ol Alsal



INTRODUCTION

The Shami (Damascus) goats breed was originally
raised up in Al-Ghotta Oases, 10-30 km east of
Damascus, Syria. Due to its high profile as a high
milk producer, and its desirable shape, This breed has
received special attention in Al-Sham countries and
in other Arab and non Arab countries like Cyprus,
Italy and Spain (Khouri, 1996). The population of this
breed in Syria was estimated at 43035 heads (AASA,
2005).

Mortality rate of kids from birth to weaning is one
of the crucial elements in the economic process of
goat raising programs (Singh et al., 1990; Sebei et
al., 2004). This rate was reported to range from 32
to 40% in different goat breeds (Chawla et al., 1982;
Rattner et al., 1994; Donkin and Bayozoglu, 2004).
The environmental factors, other than diseases, were
reported to have a significant effect on mortality rate
(Miah et al., 2002). Kidding year (Mtenga et al.,
2006), parity (Barding et al., 2000) and birth type
(Gebrelul et al., 1994) were also reported to influence
kid mortality rate at birth and also at weaning.

The present study was conducted to determine
mortality rate at birth and from birth to weaning
(90 days) to investigate some environmental factors
affecting mortality of the Shami goat kids and also to
estimate the heritabilities of these traits.

MATERIALS AND METHODS

Atotal of 1190 records of Shami goat kids, collected
during 1993-2006 from Izra’a Research Station
for Shami goats, 80 km south of Damascus, Syria,
were used in this study. Kid Mortality at birth was
calculated from birth till three days of age, and kid
mortality at weaning was calculated from the fourth
day till 90 days of age. Season of kidding was divided
into two periods, early period (before 15 January) and
late period (on and after 15 January).
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Animals were kept in semi-open yards and housed
in concrete barns at night and during winter. Adult
animals were allowed to graze on pastures for 2-4
hours/day throughout the year, while alfalfa hay was
provided with concentrates in winter. The amount of
concentrates ranged from 0.4 to 1.2 kg a day according
to the animal physiological stage. Animals had a free

access to drinking water.

During the mating season from August 15" up
till October 15%, bucks were assigned to mate the
females naturally at a ratio of one male to 25 females.
Flushing feed (1/2 kg of feed concentrates per head
per day) was offered two weeks pre breeding season.
Kids were allowed to suckle their dams ad libitum
from birth till weaning and given free access to feed
concentrates and roughages.

In order to determine the environmental factors
affecting kid mortality at birth and from birth to
weaning, data were analyzed using Harvey (1990)
program according to the following formula:

Yirswn =U+Y,+ P+ S5, +T, + M, +e,,,
where:

Y,....= mortality at birth or birth - weaning of the
ijklmn

iikimn™ records,
i = overall mean,
Y, = effect of i year of kidding, (i=1, 2, and 14, for
the years 1993-2006, respectively),
Pj = effect of j'™ parity of dam coded (j=1, 2, and 6 for
1, 2" and >6™, respectively),
S, = effect of k" gender of kidding, (k=1 and 2, for the
male and female, respectively),
T, = effect of I" type of birth, (1 =1, 2 and >3, for the
single, twin and triplet or quadruplet respectively),
M, = effect of m™ kidding period, {m = 1(early) and
2(late)}.
e. = random error term associated with the Y.

ijklmn ijklmn

observation and assumed to be NID (0, Ic %e).
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ABSTRACT

A total of 1190 records of Shami goat kids, collected during 1993-2006 from Izra’a Research Station, 80
km south of Damascus, Syria, were used to determine the mortality rate at birth and till weaning at 90 days
and to investigate the environmental factors affecting kid mortality. Data were analyzed using a Linear Fixed
Model) Harvey Program) and heritabilities were estimated by MTDFREML Program.

The least squares means of mortality rate at birth (0-3 days) and from the fourth day after birth till weaning
(4-90 days) were 0.12 £ 0.01 and 0.06 + 0.01, respectively. Kidding year had a high significant effect (P<0.01)
on kid mortality at birth, but not from birth to weaning. Parity had also a significamt effect (P<0.05) on the two
rates. Type of birth also affected significantly (P<0.05) kid mortality at birth, but not from birth to weaning.
No effects for gender of kids and kidding period were observed.

Heritability estimates of kid’s mortality at birth and from birth to weaning were low (0.02 + 0.009 and 0.02
+ 0.005, respectively). This indicates that the genetic factors affecting mortality rate were not important.

It was concluded that kid mortality of Shami goats could be affected by some non-genetic factors. However,

better management may reduce the effect of these factors.

Key words: Shami goats, Mortality rate, Environmental factors, Heritability, Syria.
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