=
il .

Water Benchmarks
of CWANA project

Rehabilitation and Integrated Management of Dry Ranglands
Environments with Water Harvesting

Editors
M. Kamrou, T. Owels, E Zladat and E Awawdeh

e
i 1)
—) Madiamal Condar

P Inlamaftianal Serim
For Agrcullurel Rasmaicn

bar Agncutlurnl Raseasch ol
!CHR{JA in tha Dry Arsas o and Extanaicn, Aandmn




Water Benchmarks of CWANA

Community-Based Optimization of the Management
of Scarce Water Resources in Agriculture in Central

and West Asia and North Africa Project

Rehabilitation and Integrated Management
of Dry Rangelands Environments
with Water Harvesting

Editors

M. Karrou, T. Oweis, F. Ziadat
and F. Awawdeh

ST
G W

ICARDA IFAD




Copyright © 2011 ICARDA (International Center for Agricultural Research in the Dry Areas).
All rights reserved.

ICARDA encourages fair use of this material for non-commercial purposes, with proper
citation.

Citation: Karrou, M., Oweis, T., Ziadat, F. and Awawdeh, F. (eds) 2011.

Rehabilitation and integrated management of dry rangelands environments with water
harvesting. Community-based optimization of the management of scarce water resources in
agriculture in Central and West Asia and North Africa Report no. 9. ICARDA, Alepo, Syria

vi + 208 pp.

ISBN: 92-9127-258-2

Photo credit:
All photographs by Theib Oweis

International Center for Agricultural Research in the Dry Areas (ICARDA)
P.O. Box 5466, Aleppo, Syria.

Tel: (963-21) 2213433

Fax: (963-21) 2213490

E-mail: ICARDA@cgiar.org

Website: www.icarda.org

The views expressed are those of the authors, and not necessarily those of ICARDA.
Where trade names are used, it does not imply endorsement of, or discrimination
against, any product by the Center. Maps have been used to support research data,
and are not intended to show political boundaries.

Acknowledgments:

The research reports in this volume summarize work completed in the first phase of the re-
search project: Water Benchmarks of Central and West Asia and North Africa (CWANA).This
research was done between 2004-2009 by ICARDA’s national programs in Jordan, Egypt,
Morocco, Algeria, Tunisia, Syria, Sudan and Saudi Arabia.

ICARDA'’s, Integrated Water and Land Management Program managed the project and,
together with other ICARDA programs, provided technical support for implementation. The
project was funded by the Arab Fund for Economic and Social Development (AFESD), the
International Fund for Agricultural Development (IFAD), OPEC Fund for International Develop-
ment (OFID) and the International Development Research Center (IDRC). The project team
thanks all those involved, whose contributions have made the project a success.



Table of Contents

Executive Summary 1
Background 5
Chapter 1: Selection and Characterization Of the Badia Benchmark research site 9

F. Ziadat, T. Oweis, S. Mazahreh, A. Bruggeman, N. Haddad, E. Karablieh, Bogachan Benli,
M. Abu Zanat, J. Al-Bakri, A. Ali and K. Alzubaidi

1.1 Selection of the watersheds 11
1.2 Characterization of the selected watersheds 20
1.3 References 27
Chapter 2: Effect of water harvesting techniques on water productivity and soil erosion 29

M. Mudabber, T. Oweis, M. Suifan, N. Shawahneh, Y. Sattar, F. Ziadat, A. Bruggeman
and M. Karrou

2.1 Introduction 31
2.2 Background 31
2.3 Materials and methods 33
2.4 Results and discussion 41
2.5 Conclusions and recommendations 52
2.6 References 53
Chapter 3: Microcatchment water harvesting systems for fruit trees and shrubs 55
B. A. Snobar, T. Oweis and H. Nofal
3.1 Introduction 57
3.2 Materials and methods 58
3.3 Results and discussion 68
3.4 Conclusions 72
3.5 Recommendations 73
Chapter 4: The use of the microcatchment water harvesting for fodder shrub production 75

Y. Al-Satari, M. Ali Mudabber, T. Oweis, A. Al-Kabneh, A. Al-Rossan, Y. Naser
and M. Karrou

4.1 Introduction 77
4.2 Methodology 78
4.3 Results 79
4.4 Conclusions 83
4.5 References 83
4.6 Acknowledgements 83

Chapter 5: Impact of microcatchment water harvesting on the diversity
of the Badia rangelands of Jordan 83
N.Shawahneh, H.Saoub, T. Oweis, N.Haddad and M. Karrou

5.1 Introduction 85
5.2 Documentation of the flora of the Mharib watershed 86
5.3 Impact of microcatchments water harvesting on soil seed bank 101
5.4 Effect of microcatchments on the native vegetation 110
5.5 Regenerating native vegetation cover using WH techniques 113
5.6 Seed propagation/multiplication of potential native plant species 123

5.7 References 126



Chapter 6: Mechanization of transplanting shrubs seedlings and contours laser guiding
for Vallerani system
I. Gammo and T. Oweis

6.1 Introducing a mechanized transplanting option to the WH system
6.2 Introducing a tractor laser-guiding system
6.3 References

Chapter 7: Database management and GIS
F. Ziadat, S. Mazahreh, L. Al Mahasneh and M. Aboushi

7.1 Introduction

7.2 Establishing GIS database for the intervention sites
7.3 Database structure

7.4 Conclusions

7.5 References

Chapter 8: Adaption, environmental impact and economic assessment
of water harvesting practices in the Badia benchmark site
S. Akroush, K. Shideed and A. Bruggeman

8.1 Economic analysis of water harvesting techniques
8.2 Results of environmental impact of WH techniques
8.3 Environmental benefits of different WH techniques
8.4 Potential adoption of different WH techniques

8.5 Conclusions

8.6 References

Annex 1
Annex 2
Annex 3

131

133
139
144

145

147
148
149
159
159

161

163
167
172
174
175
175

177
197
202



Water Benchmarks Partner Institutions

Areas (ICARDA)

Institute Address Website
International Center for Ag- ICARDA, P.O. Box 5466, www.icarda.org
ricultural Research in the Dry | Aleppo, Syria

National Center for Agricul-
tural Research and Extension,
Jordan (NCARE)

NCARE, P.O. Box 639, Baga’
19381, Jordan

www.ncare.gov.jo

Institut National de la Recher-
che Agronomique (INRA),
Morocco

INRA, Talda BP 567 Beni-Mel-
lal, Morocco

www.inra.frma

Agricultural Research Center
(ARC) Egypt

Ministry of Agriculture, 9 El
Gama’a St., Giza, Egypt

www.arc.sci.eg

Institut National
Agronomique de Tunis (INAT)

INAT, 43Av. Charles Nicollas
1082 Tunis, Tunisia

Under construction

Agricultural Research and
Technology Corporation
(ARTC), Sudan

ARTC, Ministry of Agriculture,
WAD Medani, Sudan

www.arcsudan.sd

Institut Techniques des
Grandes Cultures (ITGC)
Algeria

Station ITGC, Route Natio-
nale No. 14 (44225), Algeria

www.itgc.entreprises-dz.com

Institut National de la Recher-
che Agronomique D’Algerie
(INRAA)

Institut Nationalde La Recher-
che Agronomique, INRAA

- B.P. 115 Belfort El-Harrach,
Algeria

www.inraa.dz

General Commission for Sci-
entific Agricultural Research
(GCSAR), Syria

GCSAR, Ministry of Agricul-
ture Douma, Damascus Syria

WWWw.gcsar.gov.sy

Ministry of Agriculture, Saudi
Arabia

Ministry of Agriculture, Aljouf-
Sakaka P.O. Box 322, Saudi
Arabia

www.agrwat.gov.sa

Project Leader: Theib Oweis

Project Coordinator: Mohmmed Karrou, earlier: Bogachan Benli

Badia Benchmark Coordinator: Faisal Awawdeh, earlier: Khaled Zubaidi
Rainfed Benchmark coordinator: Abdeljabar Bahri
Irrigated Benchmark coordinator: Rashad Abo El-Enein




Water Benchmarks Project Teams

Badia Benchmark and satellite sites

F. Awawdeh, K. Al-Zubaidi, M. Abu Zanat, M. Syouf, A. ElYassin, Y. Satari, Y. Naser, N.
AlShawahneh, M. Talhouni, A. Karadshe, A. Ka’abneh, M. Mudabber, G. AINaber, M. Jitan,
W. Sartawi, M. Suifan, W. Shareef, S. Mazahreh, L. Mahasneh, A. Al-Shobaki, K. Jamjum,

Y. Mohawesh, K. Salma, E. Karablieh, S. Akroush, A. Salman, A. Jabarin, A. Baque’in, M.
Rahahleh, D. Hnati, M. Radaideh, K. Bashabshe, E. Gharaiebeh, |. Gammo, O. Abu Shikha,
Z. Difalla, F. Ziadat, K. Salameh, M. Aboushi, J. Rshidat, M. Al-Muftee, S. Banat, M. Dibajeh, F.
Arabiat, A. Attal, S. Musaed (Saudi Arabia)

Rainfed Benchmark and satellite sites

A. Bahri, M. Boutfirass, M. Boughlala, B. Bouazzama, A. Laamatri, B. Hassan, H. Boulal, A.
Herzenni, M. Moussaoui, A. Boufatma, A. Kobry, A. Afrani, M. Saad, M. Chati, H. Berdai,A.
Bekraoui, M. Kelkouli (Algeria),N. Jouni, A. Bader (Syria), N. Ben Mechlia and M. Masmoudi
(Tunisia)

Irrigation Benchmark and satellite sites

R. Abo El-Enein, A. El-Balassi, A. EI-Nagar, M. Bedeir, M. Sultan, T. Farid, B. Abdel Megid, A.
El-Khatib, S. Salem, N. Abo Samra, E. Abbas Saleh, H. Khalifa, S. Aouda, S. El-Marsafawy, M.
Attif, R. Abo El-Enein, M. Sherif, A. Hamam, M. Abdel-Naeim, G. Ahmed Foad, N. Youssef, M.
El-Kholy, H. Awad, E. Khafag, D. EI-Qusi, S. Abdel-Hafez, Elsir (Sudan), S. Musaed (Iraq)

ICARDA

T. Oweis, M. Karrou, B. Benli, A. Bruggeman, H. Farahani, M. Qadir, F. Ziadat, N. Haddad, K.
Shideed, A.M. Abdelwahab, M. El Mourid, F. Karajeh, E. De-Pauw.

Vi



EXECUTIVE SUMMARY

The Central and West Asia and North Africa
(CWANA) region encompasses large areas
of arid and semi-arid zones. These zones
may be defined as areas where rainfall,
relative to the level of evapotranspiration, is
inadequate to sustain reliable crop produc-
tion. Most of the arid and semi-arid zones of
the CWANA region are rangelands and are
characterized by wide variability in rainfall
and temperature. Droughts are common,
resulting in low forage production and crop
productivity as well as water scarcity.

In the CWANA region, the increase in hu-
man population has increased the de-
mand for meat, in turn causing a major
increase in livestock numbers, especially
sheep. The escalating demand for forage
by grazing animals exceeds the potential
productivity of grazing resources. This has
resulted in increasing barley cultivation by
taking lands from steppe and desert range-
lands. The increase in grazing pressure and
cultivation of traditional and fragile graz-
ing lands has led to severe degradation of
these resources.

The main limiting factors to growth of plants
in the desert rangelands are low precipita-
tion, and poor soil quality. Maximizing the
use of water runoff by making microcatch-
ments and macrocatchments might be
practical to increase forage production,
which is essential to feed the sheep and
goat flocks of pastoral societies in these
areas. Since the Jordanian Badia is rep-
resentative of the vast dry environments
found in WANA, it was chosen as a bench-
mark site (with satellite sites in Saudi Arabia
and Libya) to develop and disseminate
water harvesting (WH) approaches and
techniques to capture and efficiently utilize
rainwater runoff in more productive and
sustainable agricultural systems, which are
to be integrated and adopted by people
in the drier of the CWANA environments.

The project started in 2004 with the analy-
sis of the existing and collected bio-phys-
ical and socioeconomic data, participa-
tive workshops, meetings, and field visits
in the Jordanian Badia. Based on all this
information and on agreed criteria, the
benchmark site in Jordan was chosen and
characterized. This site is represented by
the two watersheds of Al-Majidyya and
Mharib. In these sites, different research,
dissemination, and capacity-building
activities related to WH were conducted
during 2004/05-2007/08.

The different activities conducted and the
outputs of research work conducted in
the Badia benchmark site are summarized
below.

1. Effect of water harvesting
(WH) on productivity and soll
erosion

Badia soils have high silt and high calcium
carbonate content. The water infiltration
rate of such soils is low, with range 4-20
mm/h. The soil surface is often crusted,
leading to high runoff flows. Soil erodibility
is relatively high, associated with poor soll
structure and high runoff flows over bare
or plowed land (no vegetative cover). The
objectives of this study were to assess the
effect of different water harvesting tech-
niques on runoff and soil erosion under
field conditions and to evaluate the water
productivity of the implemented WHTs. To
reach this objective, a tri-factorial experi-
ment with Atriplex halimus shrubs was con-
ducted with two levels of land slope (2-8%
and 10-20%), two spacings (4 m and 8 m)
and three land management treatments
(continuous contour ridges, intermittent
contour ridges, and without any interven-
tion). The continuous and intermittent con-
tour ridges implemented with 4-m spacing
reduced the soil erosion within the treated



area, allowed for higher runoff efficiency,
and resulted in higher water productivity.
Moreover, the higher land slope (but up to
certain limits, otherwise it increased ero-
sion) resulted in higher runoff and water
productivity, regardless of the spacing
between rows and the WHTs used.

2. Use of microcatchments
to improve fodder shrubs
production

Fodder shrubs in low rainfall areas are sub-
ject to water shortages, overgrazing, and
coppicing. Since micro-catchment water
harvesting techniques are a means of col-
lecting and concentrating rainfall runoff in
the root zone area, hence increasing the
amount of soil water available for shrubs,
this activity aimed at determining and
demonstrating the effect of the location,
slope, and WH structure on shrub produc-
tivity. To reach this objective, an experi-
ment was conducted during years 2007
and 2008 in two locations (Al-Majidyya
and Mharib), two slope gradients (> 5%
and < 5%), two WH structures (Vallerani in-
termittent and Vallerani continuous struc-
tures), and two shrub species (A. halimus
and Salsola vermiculata). This experiment
showed that (1) Al-Majidyya was more
suitable for planting fodder shrubs and
forage production; (2) S. vermiculata was
more drought tolerant in terms of sur-
vival than A. halimus, although A.halimus
showed more adaptation to prevailing
conditions for forage production; (3) the
Vallerani continuous structure technique
allowed more rainwater collection and
forage production; and (4) the low slope
(< 5%) showed a high efficiency in forage
production. Finally, it was recommended
to plant A. halimus shrubs at Al-Majidyya
using Vallerani continuous structure in the
low slopes (< 5%) for higher forage pro-
duction.

3. Microcatchment WH systems
for fruit trees and shrubs

The experimental results for two seasons
(2004/05 and 2005/06) led to the following
recommendations:

For fruit trees: use the runoff system with

a catchment area of 36 m? for growing
pistachio and almond trees, and 64 m? for
olive trees.

For shrubs: use the ridges constructed by
the Vallerani implement at a spacing of

5 m (14 m? catchment area) since this is

much cheaper and faster than conven-

tionally constructed ridges.

4. Impact of WH on native plant
reproduction and biodiversity

Many plant species are severely affected
by the degradation of rangelands caused
by overgrazing and the cultivation of bar-
ley. Microcatchment WH systems associ-
ated with suitable grazing management
provide an opportunity for plants to regen-
erate and improve vegetation. However,
there is no information and/or research on
the potential and constraints associated
with regenerating the native vegetation

in the Badia, regarding the best way and
the impact on diversity of plant species
and vegetation cover. This study aimed at
conducting the followings activities: (1) to
survey and identify the flora of the Mharib
watershed (the intervention area for the
Badia Benchmark Project); (2) to study the
effect of microcatchment WHTs on the soil
seed bank compared with the current situ-
ation; (3) to evaluate the effect of micro-
catchment WH on the native vegetation
regeneration and improvement; and (4)
to multiply and reintroduce the annual
native species collected from the range-
lands. The survey and testing of different
microcatchment WH systems showed

that in dry areas the native vegetation



was much diversified, with 23 families and
90 plant species recorded in the Mharib
watershed area. This area is dominated by
annual plant type with 19% of total plant
species recorded during our study.

The microcatchment WH had a significant
effect on increasing the native vegetation
in terms of vegetation cover, species rich-
ness and species abundance, as well as
the size of the soil seed bank. The Vallerani
intermittent contours treatment was the
most suited intervention, resulting in im-
provement of native vegetation and the
size of the soil seed bank. Finally, the na-
tive vegetation rehabilitation was possible
and direct seeding was a good practice
due to its low cost and effort; but it can-
not guarantee germination due to rainfall
variability. Moreover, native plants can be
multiplied under controlled conditions.

5. Mechanization of
transplanting shrubs seedling
using Vallerani implement

Many WHTs have been successfully tested
over many years, including small-scale
WH with contour furrows and microcatch-
ments of different shapes and sizes.

Drought-tolerant forage shrubs (most com-
monly Atriplex spp) have been success-
fully established under these WH systems.
Moreover, the mechanization of WH using
the Vallerani machine was evaluated in
the Badia ecosystem. Nevertheless, there
were problems with the establishment of
forage shrubs due to the cost and low
rates of establishment of old transplants
and the low mastery of the Vallerani ma-
chinery operation. The objectives of this
study were: (1) to evaluate the feasibility
of establishment of Atriplex plants from
young (1-2-months old) seedlings instead
of six-month and older plants, (2) to de-
termine the best conditions under which

the transplanting technique is expected
to be most successful, and (3) to modify
the traditional transplanting unit to cope
with the specific WH structure of the fur-
row (planting on the incline of the furrow
ridge) and to develop a laser-guided
tractor furrowing system. To reach these
objectives, an experiment was conducted
to study the combined effect of the time
of transplanting (before first rain, a few
days after a good runoff event, and in
spring), the length of the harvested area
(4, 8, and 12 m), and the placement of
seedlings in the furrow (transplanting in the
bottom close to the ridge and above the
bottom 1/3 of the ridge). The traditional
transplanter was also modified to improve
performance: changing the slot-opening
device; adding protecting boards to the
slot opener; changing the depth-wheel
design, the pressing device design, and
the hitching system of the transplanter;
and adding a covering disc. The modified
transplanting unit was attached to a WH
furrow-opening plow (designed previously
at the University of Jordan). In addition to
the activities described above, a laser-
guided tractor furrowing device was de-
veloped and tested. Transplanting young
seedlings was a successful practice for the
establishment of forage shrubs in marginal
rangelands or steppe regions (Badia)
under WH systems. Transplanting after the
first good rainfall events reduced the risk
of rainfall delay and increased the survival
percentage of plants. Planting in the bot-
tom 1/3 of the ridge showed better plant
growth. The new integrated furrow opener
and transplanting unit was able to open

a continuous deep furrow and transplant
seedlings inside the furrow in one pass of
the tractor. This dramatically reduced the
amount of work usually needed to open
WH furrows and plant Atriplex in them. The
laser-guided furrowing system was tested
and proven to be time, effort, and cost
saving, as well as more accurate.



6. Database management and
Geographic Information Systems
(GIS)

Among project activities was the establish-
ment of a project database. The outputs
were the establishment of a GIS database
for the intervention sites, which defined
each site in terms of its geographic lo-
cation and extent and a nomenclature
system and dynamic links, using an htmil-
based application, to all available data
and information; and the preparation of
data-forms for data collection, entry and
analysis, for different seasons.

7. Economic analysis and
environmental impact of WH

The results of economic analysis of the
technologies tested by the Badia Bench-
mark Project showed that the economic
internal rate of return (EIRR) of planting

barley with WH gave the highest value,
compared with other WHTs, of 17% com-
pared to an estimated 7.8% for planting
barley the traditional way. The planting

of shrubs with WH was more feasible than
the traditional pit method, with EIRRs esti-
mated at 13% and 7.4%, respectively. The
contribution of environmental benefits in
the calculations of return on investment for
WHTs showed increased financial internal
rate of return (FIRR) to 36% and EIRR to 17%
compared to 13% and 17%, respectively,
when calculated based on only econom-
ic benefits in the case of planting shrubs
using WHTs. The valuation and assessment
of environmental benefits associated with
implementing WHTs is important to justify
the public investment for these techniques
in dry areas of Jordan. Since Environmen-
tal benefits were not taken into account
when implementing this type of agricul-
tural project, the direct economic benefits
based on individual economic analysis did
not justify investment in such projects in
the arid areas of Jordan.



BACKGROUND

Water scarcity in West Asia and North Af-
rica (WANA) is a well-known and alarming
problem. Today the issue is of increasing
concern to national governments and re-
search institutions. Increasing water scar-
city is threatening the economic develop-
ment and the stability of many parts of the
region. At present, agriculture accounts
for over 75% of the total consumption

of water. However, with rapidly growing
demand it seems certain that water will
increasingly be reallocated away from
agriculture to other sectors. Moreover,
opportunities for the significant capture

of new water are now limited. Most river
systems suitable for large-scale irrigation
have already been developed. Few ma-
jor resources of renewable groundwater
remain untapped and current resources
are subject to over-exploitation, with ex-
traction exceeding recharge rate in many
cases.

While gains in efficiency are potentially
available from improved distribution and
use of water in fully irrigated agriculture,

a great proportion of the region’s agri-
cultural livelihoods are based on dryland
farming systems where production is
dependent on low and extremely vari-
able rainfall. The challenge in rainfed
areas is to enhance productivity through
improving on-farm water use efficiency
and supplementing rainfall either through
water harvesting or the strategic use of
sources of renewable water to augment
essentially rainfed production. However,
conventional practices, which have been
developed for managing water under
normal water supply conditions, are not
suitable under conditions of water scar-
city. The need for special management of
water under conditions of scarcity, based
on maximizing the return from each unit of
water available for agriculture, now ap-
plies to almost all the countries of WANA.

Technologies for improved management
of scarce water resources are available.

However, many of these technologies are
not widely implemented or are not seen
as feasible by farmers. This can be attrib-
uted to a number of constraints, includ-
ing technical, socioeconomic and policy
factors, but most importantly the lack of
community participation in the develop-
ment and implementation of improved
technologies. This project is based on
community participation in research and
the development, testing and adaptation
of improved water management options
at the farm level.

The project consisted of three main com-
ponents: the Badia Benchmark site in
Jordan, with two satellite sites in Saudi
Arabia and Libya; the Rainfed Benchmark
site in Morocco, with three satellite sites in
Tunisia, Algeria and Syria, and the Irrigated
Benchmark site in Egypt, with two satellite
sites in Sudan and Iraq.

Objectives and outputs

The main long-term development goal of
the project is to achieve sustainable and
profitable agricultural production in the
dry areas of WANA based upon the effi-
cient and sustainable management of the
scarce water resources.

To reach this goal the project developed
and tested, with community participation;
water management options that increase
water productivity, optimize water use and
which are economically viable, socially
acceptable and environmentally sound.

The research concentrated its activities in
the three benchmark sites. Each bench-
mark site was linked to satellite sites as
indicated earlier. These satellite sites were
designated to complement the research
of the benchmark.

The four main outputs planned are:

= Strategies and tested technologies for
the optimal conjunctive use of rainwater
and scarce water resources in supple-



mental irrigation systems adopted by
farming communities for improved and
sustainable water productivity in the
rainfed areas on WANA

= Suitable water harvesting techniques to
capture and efficiently utilize rainwater
runoff in more productive and sustain-
able agricultural systems integrated and
adopted, by people in the WANA drier
environments.

= Techniques and systems that optimize
water productivity in irrigated systems,
including water management, alterna-
tive crops, use of different water sources,
and policy and institutional options.

= Enhanced capabilities of national pro-
grams and the integration of research-
ers, extension personnel, farmers and
decision-makers in a regional program
for sustainable management of water
resources.

The project approach

The research approach is based on five
principles: the participation, the integra-
tion, the complementarities, the multi-dis-
ciplinary and multi-institutions and socio-
economic analysis.

a) Community participatory based
approach

The research uses an integrated ap-
proach, based on community participa-
tion. At each site, the local community is
a full partner in planning, implementation,
monitoring, and evaluation. Farmers work
with scientists and extension staff to test

a range of “best-bet’ technologies and
select those that best meet their needs-
often adopting the technologies to suit
local conditions. This created a sense of
‘ownership’, leading to rapid adoption of
technologies that were found to be effec-
tive and relevant.

b) Integrating technologies with policy
and institutions

The project addressed problems from a
technical, socioeconomic, cultural, insti-

tutional, and policy perspectives, with the
full participation of the intended benefi-
ciaries and other stakeholders.

c) Benchmark and satellites sites (comple-
mentarities)

Benchmark sites were established in the
three agro-ecologies (rainfed areas, the
steppe and irrigated areas) to study these
issues. At these benchmark sites, water
use was addressed at different levels:
household, community, watershed and
policy level.

Each of these benchmark sites are linked
to several satellite sites as indicated in the
previous section.

The benchmark sites represent the majority
of the conditions in the above three agro-
ecologies. However, some conditions and
issues in the region related to the natural
resources, the environment and/or the so-
cioeconomics may not be apparent in the
benchmark site and thus are addressed in
the satellite sites. Examples include water
quality, special soil conditions and local
water related policies and institutions.

d) Multidisciplinary, multi-institutions

The project approach requires a multidisci-
plinary and inter-institutions teams, involv-
ing many different research disciplines, to
understanding the current situation and to
developing and testing water-use efficient
technologies under farm conditions.

€) Socioeconomic analysis and commu-
nity participation

Socioeconomic surveys that character-
ize the communities involved in the proj-
ect sites have been conducted in order
to identify the main technical, social,
economic and environmental problems
that constraint the community livelihood
improvement. The surveys also focused on
the water resources available at the com-
munity level and how they deal with this
resource. The surveys’ results established
the base line information for the project
target areas and communities. Following



that, the community participated in the
development of the work plan and the
intended interventions that the project
would introduce. A community action
plan was developed and implemented
by the project with full participation of the
community.

A community-based participatory moni-
toring and evaluation (PME) system was
developed in the first phase. The PME
involves local people in deciding how
progress should be measured, in defining
criteria for success and in determining how
results should be acted upon. It will strive
to be an internal learning process that
enables local people to reflect on past ex-
perience, examine present realities, revisit
objectives and define future strategies by
recognizing differential stakeholders’ priori-
ties and negotiating their diverse claims
and interests.

Technical and socioeconomic indicators
of progress and impact were developed
during the commencement workshop and
were implemented by the project teams.
Major indicators include the level of adop-
tion by communities of the introduced
technologies.

Badia benchmark and satellite
sites

A large proportion of WANA’s agricul-
ture is based on dryland farming systems,
wherein production depends on low
and extremely variable rainfall. Aimost all

countries in WANA now need to manage
water in special ways, under conditions
of scarcity, to maximize the agricultural
returns from each unit of water.

The Jordanian Badia is representative of
the vast dry environments found in WANA.
The underlying aim of the project con-
ducted at the Badia benchmark site in
Jordan (and satellite sites in Saudi Arabia
and Libya) was to ensure the widespread
adoption of suitable WHTs by people in
the Badia. This will allow them to capture
and efficiently use rainwater runoff in more
productive and sustainable systems. This
component of the project was expected
to result in the following outputs:

a. Selection and characterization of Badia
watershed research sites;

b. Techniques for providing sustainable
supplies of water from rainfall runoff for
economic production from rangeland,
field crops, and fruit trees, and method-
ologies for designing and implementing
such techniques at the field and water-
shed levels;

c. Analysis of potential economic and in-
stitutional constraints, and recommend
policies to support the integration of WH
in agricultural systems;

d. Enhanced capabilities of national pro-
grams and the integration of research-
ers, extension specialists, farmers, and
decision-makers in a regional program
for sustainable management of water
resources in CWANA.






Chapter 1

Selection and Characterization Of the Badia
Benchmark research site







Chapter 1: Selection and Characterization Of
the Badia Benchmark site

F. Ziadat, T. Oweis, S. Mazahreh, A. Bruggeman, N. Haddad, E. Karablieh, Bogachan Benli,
M. Abu Zanat, J. Al-Bakri, A. Ali and K. Alzubaidi

How suitable an area is for WH depends
on local society, farming practices, and
whether the area meets the basic tech-
nical requirements of the WH system in
question. When planning such systems,
appropriate data must be available on
the climate, soil, crops, topography, and
socioeconomics of the project area. The
available tools and methods of data
acquisition for planning, designing, and
implementing WH systems, include field
Visits, site inspections, topographic and
thematic maps, aerial photos, satellite im-
ages, and geographic information systems
(GIS) must also be considered.

1.1 Selection of the watersheds
1.1.1 Watershed selection process

During the early stages of the project,
emphasis was placed on the fact that the
approach used was multi-disciplinary and
integrated technology, management, in-
stitutions, and research. It was also agreed
that the final selection of the potential
watershed sites should match certain cri-
teria. These were divided into three major
groups: (i) target area criteria, (ii) water-
shed criteria, and (i) community criteria.
These criteria are listed below under the
relevant group.

Group 1. target area criteria:

= The area must have an annual rainfall of
100-250 mm

< The area must consist of rangeland
where the barley-livestock-based land-
use system predominates other land use
systems
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= Livestock production must be the main
farming enterprise

= The land must be degraded (displaying
low vegetative cover, soil erosion, and
low levels of soil organic matter)

= There must be a shortage of feed

= The adoption rates for improved tech-
nologies must be low

= Levels of public and private investment
must be low

Group 2. watershed criteria:

= The area must be representative of the
major physical and social characteristics
of the Badia

= There must be communities in the upper,
mid, and lower part of the watershed

= The potential for WH must exist

= Arangeland-based land-use system
must dominate

= The potential must exist for halting/re-
ducing land degradation at a relatively
low cost

= The area must display multiple rangeland
uses

e The area must be 30-150 km?

= The area must encompass both private
and communal natural resources

= Land ownership in the area must include
both private and government land

< Rangeland use must involve open ac-
cess

= The area must have been exposed to
other projects

= The potential must exist for the project to
have a noticeable impact in the area

= The area must be easily accessible

= Basic data and previous studies must be
available for the area



Group 3. community criteria:

e The community chosen must be poor

e The community must be committed to
participating in the project

= |nstitutions (informal and/or formal) must
exist

= Arange of livestock-production systems
must exist, from transhumant to seden-
tary systems

= Agriculture must play a significant role in
household income-earning

= There must be access to government/
development projects

These criteria were suggested by an inter-
disciplinary team of specialists. However,
while they are obviously very important
for the success of the project, it must be
recognized that selecting a watershed (or
watersheds), which satisfies all these crite-
ria would not be an easy task. Importantly,
it was also recognized that the selection
process should be simple, so that it could
be easily reproduced in other similar ar-
eas.

Accordingly, the watershed-selection

process was divided into the following sub-

components:

= Scoring and weighting of the selection
criteria

= Selection of potential watersheds (three
stages)

< Rapid rural, hydrological, and environ-
mental appraisals of the most promising
watershed(s)

< Data management and manipulation

= Integration of sub-components 2-5 for
the purposes of final selection

An integral part of the above sub-compo-
nents were continuous field visits and veri-
fication by the inter-disciplinary team. The
field visits were meant to verify GIS and
remote-sensing information (maps, imag-
es, and other information) and to conduct
ground-truthing. Most importantly, these
field visits were also meant to provide
greater insight into local communities at
the project sites. The technical approach
applied in the site-selection process is out-
lined in Chart 1.1.

Start: 226 walersheds

(whola study area)

Development of detaied

¥ salection criteria
Development of sslection Rapid rural appraisal
efitana
{Interdrscipinary meetings) Pata collection and GIS rapid inyrological sssessment
: anakysis Rapid environmental assessment
¥
Data collection and GIS ; ; .
analysis ) Apply d*::::;ﬂm'm I Inter-disciplinary meeting l
)
Apply selechon criteria | Watershed salection Walershed salaction
(sacond slagea) (third stage)
: 4 walersheds 2 watersheds
Watershed salection
(first stage)
268 watershads I Field visits & meetings Watershed charactersation

and project implementation

(second slage)

Watershed salection
% watarsheds

Chart 1.1 Flowchart of the watershed-selection process.
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1.1.2 Development of selection criteria

The criteria and its application for the first
stage of selection

The watershed selection criteria agreed
upon at an early stage of the project were
chosen and revised by a multi-disciplinary
team of experts in several meetings. To be
selected, watersheds had to satisfy a scor-
ing of five main criteria (Table 1.1).

Rainfall was considered the most impor-
tant factor at this stage, as it is integral
to the definition of the study area. It was,
therefore, agreed that areas receiving
either < 100 mm or > 250 mm of annual
rainfall should be excluded, and hence
were given a score of zero (Table 1.1).

The basic map used in various analyses
showed the subdivisions of each water-
shed. This map was developed from the
hardcopies of topographic maps (scale
1:50 000) produced during a previous proj-
ect (Jordan Arid Zone Productivity Project)
conducted by the University of Jordan.

Contour lines and streams were used

to define the boundaries of each main
watershed and the sub-watersheds found
throughout the transitional Badia (100-200
mm rainfall).

The output indicated that the Badia was
covered by 226 main watersheds with
range in area of 0.3-266 km?2. It would be
very difficult to work with such a large
number of watersheds; therefore, the cri-
teria assigned for the first stage (Table 1.1),
which were very general in nature, were
applied to exclude unsuitable watersheds.

A large number of watersheds received

a final score of zero (Figure 1.1). However,
these watersheds should not necessar-

ily be considered unsuitable for other
research activities in the Badia, despite
being unsuited to this project. Of the 226
watersheds, 158 were excluded, thus
leaving 68 for further consideration (Table
1.2). Forty of the watersheds had scores

of 60, 65, or 70, the three highest scores
obtained. These were considered for
further investigation. Some, however, were
then excluded because their boundar-

ies extended into Syria, something which
could complicate project activities (Figure
1.2). Other watersheds were excluded be-
cause much of their area fell outside the
Badia, leaving 26 watersheds (Figure 1.3).

The criteria and its application for the
second stage of site selection

The second stage of site selection required
the researchers to apply more rigorous

Table 1.1. Scoring criteria used in the first stage of site selection.

L Score’
Criterion
0 5 10 15
Rainfall (mm/y), obtained <100 0r>250 100-149 200-250  150-199
from isohyets
Presenc_e of communities None One TWo > TWo
(no. of villages)
Soil type (dominant soil) Lithic, Calcic, Lithic and/or Calcic Other
Psamment Psamment
Watershed area (km?) <30 110-150 30-70 70-110
Topography (relative relief, m) > 200 100-200 50-100 <50

Note: * If assigned a score of zero, the watershed was excluded.
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Table 1.2. Final scoring (first stage) after excluding watersheds with scores of zero.

3 0 o 3 0 0 2 0 0
s 28 2 Z2ov 982 £o- 282 £
2 825855885 2 325%8¢g58 & 325%5¢@§73
s ¢« 2 £E8 825 g £ER Q2 5 ¢ EEQQ2
T ¢35 63 8 &85 ¢ 5563 88 5 ¢58673 8 8
= < ¢ O & 2 T = < x O » & i = < x O &© = T
18 15 15 15 15 10 70 16 15 10 5 15 15 60 189 5 15 15 10 10 55
19 15 15 15 15 10 70 17 10 15 10 15 10 60 200 10 15 15 10 5 55
35 10 15 15 15 15 70 29 15 15 5 15 10 60 38 10 15 5 5 15 50
36 15 15 15 10 15 70 33 10 10 15 10 15 60 90 5 15 5 10 15 50
37 15 15 15 10 15 70 51 5 15 15 10 15 60 129 15 10 5 15 5 650
50 15 15 15 10 15 70 55 10 10 15 10 15 60 132 15 5 5 15 10 50
54 15 10 15 15 15 70 57 10 10 15 10 15 60 136 15 5 5 15 10 50
61 15 15 15 10 15 70 58 10 10 15 15 10 60 148 5 15 5 15 10 50
62 15 15 15 10 15 70 79 15 15 10 10 10 60 152 10 5 5 15 15 50
190 15 15 15 15 10 70 108 10 10 15 15 10 60 167 10 5 10 15 10 50
27 15 10 15 15 10 65 120 15 15 5 15 10 60 169 10 5 5 15 15 50
28 15 10 15 15 10 65 125 10 15 5 15 15 60 184 5 10 15 10 10 50
30 5 15 15 15 15 65 173 15 15 5 15 10 60 186 10 15 5 10 10 50
31 10 10 15 15 15 65 174 15 15 5 15 10 60 187 5 10 15 10 10 50
34 15 10 15 10 15 65 182 15 15 5 15 10 60 192 10 15 5 15 5 50
59 15 10 15 15 10 65 197 10 15 15 15 5 60 161 10 10 5 15 45
103 15 10 10 15 15 65 199 10 15 15 15 5 60 164 10 5 5 15 10 45
121 15 10 15 15 10 65 15 5 10 15 15 10 55 191 15 5 5 10 10 45
122 10 10 15 15 15 65 65 5 15 15 5 15 55 195 10 15 5 10 5 45
123 10 10 15 15 15 65 78 5 15 15 10 10 55 215 10 15 10 5 45
128 15 10 15 15 10 65 117 10 10 10 15 10 55 77 10 5 5 10 10 40
193 15 15 15 15 5 65 118 15 10 5 15 10 55 196 15 5 5 10 5 40
13 10 10 15 15 10 60 179 10 15 5 15 10 55

Note: Bold text for each individual score per watershed signifies watersheds in Figure 1.1 whose boundaries did not
fall outside the Badia, or outside the country.
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Figurel.l. Final selection of potential watersheds (first stage).
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Figurel.2. Distribution of watersheds with different final scores (second stage).

criteria to the watersheds selected in the
first stage. Those watersheds given a score
of zero for any of the five selection crite-
ria in the first stage were excluded. The
rankings assigned to the revised selection
criteria used in the second stage are given
in (Table 1.3) and are discussed below.
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The final scores were calculated for each
of the 26 watersheds (Table 1.4) based on
the eight selection criteria considered in
the second stage.

The best possible score for a watershed was
8 (i.e. all criteria scored 1) and the worst was
32 (i.e. all criteria scored 4). The 26 water-




Table 1.3. Scoring of criteria for the second stage of the site selection process.

Potential for WH 4™ (lowest score) 3¢ 2nd 1st (highest score)
Soil depth (cm) <50 50-100 100-200 > 200

Slope steepness < 1% or > 10% 8-10% 5-8% 1-5%

Community (loca- Upper and/or Lower and/or Upper and lower Upper, middle
tion in watershed) middle middle and lower
Rangeland-based Irrigated agricul- Lack of native Native Native

system

Land use

Watershed area
(km?)
Accessibility and
visibility

Land tenure

Basic data

ture dominates

Field crops

Not connected
to roads

Not available
and no previous
studies

vegetation
and barley

Bare

110-150

Connected
only on one
part

Government

Insufficient
and previous
studies

vegetation and
barley dominates

Range-barley-
livestock-based
system

30-70

One road pass-
ing through
watershed

Private

Available and
previous studies

vegetation domi-
nates

Range-livestock-
based system

70-110

Road network
inside and main
road passing
through

Private and gov-
ernment

Available

sheds tended to have high scores (Table
1.4): the highest score for suitability was 12
and the lowest was 21, indicating that all
watersheds selected in the first stage had

the potential to satisfy the project’s pur-

poses.

The distribution of watersheds and their final
scores is illustrated in (Figure 1.2).

Nine watersheds (those with scores of
12-14) were selected, with their spatial dis-
tribution providing a reasonably compre-
hensive coverage of the Badia (Figure 1.2).
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Table 1.4. Final scores for the second-stage selection.
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12
12
12
13
14
14
14
14
14
15
15
15
15
15
16
16
16
16
16
16
17
17
17
17
17
21

19
36

128
108
28
30
35
51

59
18
31

79

123
199
13
17
54
58
62

103
16
29

122
125
174
173

Note: " Low scores indicate higher potential for WH.
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1.1.3 Field visits and outcomes

For the purposes of organizing the study,

a detailed map was prepared for each of
the nine watersheds and distributed to the
whole project team. The maps show both
the boundaries of each watershed as well
as the network of roads. They also show vil-
lages and provide a coordinate grid. They
helped investigators to navigate in the
field and also to gather useful information
about the watersheds, such as the actual
distribution of communities.

The final decision regarding the selection
or rejection of a watershed was made
once all field visits for all the watersheds
had been completed and the information
gathered had been reviewed. Certain is-
sues were highlighted by the team mem-
bers during the field visits, some of which
are listed below.

The large number of urban areas found
within most of the watersheds visited was
considered a disadvantage for some proj-
ect activities.

The high concentration of irrigated farms
within some watersheds was considered a
disadvantage as WH would be less popu-
lar than intensive irrigated agriculture and
so could not compete with it.

It has been also argued that most of the
watersheds visited represent transitional
Badia and are not typical of ‘rangeland’.
As a result of the issues discussed above,
the team revised the scoring system for
the community criterion and identified
additional watersheds to be added to the
nine watersheds already selected. The
final scores obtained for the first stage of
selection were recalculated to exclude
the community score (i.e. the watershed
scores without taking into account the
community criterion). The distribution of
the retained watersheds is presented in
(Figure 1.3).

1.1.4 Final selection

The team held a final meeting after the
field visits. During this, the results of the field
visits were thoroughly discussed in order

to determine which watersheds should be
advanced to the third stage of the selec-
tion process.

The team started the discussion (i) by
considering all the watersheds and then
eliminating those they felt had any disad-
vantages, and (i) by arranging the rest of
the watersheds according to an agreed
scaling methodology.

axmmy e

+ |

Hi.hl:..‘l

[_] Rainfail isahysts

& Location of Villages
I Additicnal Watershads

10 Fllomseters

Figurel.3. Watersheds selected after revising the community criterion.
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The aim of this process was to summarize
the observations made in the field into ra-
tional items relevant to the project. These
items fall under three major headings: bio-
physical factors, WH-related factors, and
socioeconomic aspects.

Watershed number 128 was excluded for
further consideration (in the third stage)
due to its very low scores compared with
the other watersheds considered (Table
1.5). In addition, watersheds 30 and 31
were combined, as they were adjacent
and complemented each other in many
respects. Ultimately, this stage of selec-
tion yielded a total of five watersheds (30
and 31, 59, 108, 104, and 119) which were
further evaluated in the third stage.

1.1.5 Third stage - selection of the final
stage

The third stage of the site-selection pro-
cess included the detailed investigation
of (i) socioeconomic issues (through Rapid
Rural Appriasal), (i) hydrological issues,
and (i) environmental issues (through im-
pact assessments). All available informa-
tion concerning the five watersheds was
provided to the socioeconomic specialists
responsible for undertaking each type of
assessment.

Table 1.5. Ranking of the potential watersheds.

1.1.6 Final decision

The results of the above three investiga-
tions were synthesized to allow the multi-
disciplinary project team to reach a final
decision. The team then met and discussed
the whole site-selection process, paying
particular attention to the following:

= The project’s evaluation of the commu-
nities in each watershed

= The biophysical conditions within each
watershed

= The degree to which each area was
representative of the Badia

= Any obvious hydrological and environ-
mental impacts

Ultimately, it was decided that two water-
sheds would be necessary to undertake
project activities and that these should be
representative of the wide range of condi-
tions (biophysical and socioeconomic)
found in the Badia. Consequently, water-
shed 104 was selected as the main water-
shed for the project, and watershed 59 as
a supplementary watershed (Figure 1.4).

Watershed number

Criterion 128 30 and 31 59 108 104 119
Production system 1 2 2 2 3 3
Community 3 3 3 3 1 0
Urbanization -3 -2 -2 -3 0 -1
Institutions ? ? ? ? ? ?
Development projects ? ? ? ? ? ?
Scaling-out potential 1 2 2 3 3 3
Competitiveness of WH 1 2 2 2 3 2
Total score 3 7 7 7 10 7
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Figurel.4. The location of watersheds 104 and 59.

1.2 Characterization of the
selected watersheds

1.2.1 Development of the suitability maps
for water harvesting (WH) interventions

Watershed characterization aimed to pro-
vide data for the selection of sites suited to
various WH interventions. To this end, data
were collected from two watersheds (i.e.
59 and 104).

The main purpose of the characterization
was to provide a suitability map showing
the distribution of areas suited, from a bio-
physical point of view, to the various WHTs
the project would implement within the
watershed. The process emphasized the
need for each unit to be suited to more
than one type of intervention, in order to
leave room to include socioeconomic is-
sues in the selection process. In each case
the intervention selected for an area must
be acceptable biophysically, socially, and
economically.
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The sources of data used for the charac-
terization of the selected watersheds were
the Royal Jordanian Geographic Center
for topographic and slope maps, and the
Department of Land and Surveying for
cadastral maps and data collection in the
field. Suitability maps for WH interventions
were then developed. The procedures
and outcomes are detailed in a separate
published report on Ziadat et al. (2006).

1.2.2 Watershed biophysical character-
ization (details described in Ziadat et al.,
2006)

The dry rangelands of West Asia and North
Africa are fragile and severely degraded
due to low rainfall, drought, and misman-
agement of natural resources. WHTs are
used to improve soil moisture and hence
vegetation cover and productivity in this
environment. However, adoption of WHTs
by the communities in the area is slow. To
understand the constraints to adoption
and to develop options for rapid and sus-
tainable integration of WHTs within existing
agro-pastoral systems, a benchmark wa-



tershed was established in the dry range-
lands of Jordan. A methodology for iden-
tifying the suitability of different WHTs to
various conditions at the watershed level
was developed. The main biophysical pa-
rameters used to assess the suitability for
WH in this environment were rainfall, slope,
soil depth, soil texture, and stoniness. Cri-
teria for each parameter were integrated
and a suitability map was produced in a
GIS environment. The suitability map was
superimposed with land tenure and other
ancillary maps. These maps were used

to identify options for implementation of
different WHTs with the local communi-
ties. Field investigations revealed that the
applied approach helped in selection of
the most promising fields. Within two years,
four types of WH interventions were imple-
mented in the fields of 41 farmers with a
total area of 62.9 ha and in close collabo-
ration with the local community. This ap-
proach showed that GIS may be used to

integrate biophysical and socio-economic
criteria to facilitate the selection of land
that is suitable for implementing new land
use alternatives. This ensures sustainable
integration of WH interventions in the dry
rangeland systems.

1.2.3 Study site and approach

The research site, named Mhatrib, is locat-
ed in the eastern part of Amman district in
Jordan within 31°39’-31°43" N and 36°12’-
36° 18’ E (Figure 1.5). The watershed has
an area of approximately 60 km?, within
the xeric-aridic transitional moisture re-
gime where annual rainfall range is 100-
150 mm (Jordan transitional Badia). The
major geologic formation is very finely dis-
sected limestone, chert, and marl. The soils
are highly calcareous and weakly saline,
and have high silt contents, hard crusts,
and weak aggregation on the surface
layer. They are classified as Xerocherptic

Amnma] Bntedall [ pees)
[=1 50100

0 100 - 200 (A} Badis)
B 200 . 400

B 00 - 550

— [pterratenad Boomdan

Figurel.5. Location of the study site (Mharib watershed) within the Jordanian transitional Badia.
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Haplocambids and Haplocalcids (MoA,
1995). About 75% of the study area has
shallow soils (< 50 cm) and slope gradients
< 12%. The remaining part of study area
has medium deep and deep soils with
depth range of 50-140 cm. Rock outcrops
cover 10% of the study area (MoA, 1995).

The elevation is 676-925 m above sea
level. The watershed has rounded hills and
crests, with steep upper slopes. Alluvial
and colluvial fans merge downslope to fill
the valleys. The watershed is characterized
by highly degraded steppe vegetation,
and barley is grown in the valley bottom
and along the slopes where the moisture
from the limited rainfall is augmented by
runoff from the hill slopes. Barley and un-
cultivated land are the main land cover/
land use types in the area. The dominant
natural vegetation species are Anabasis
syriaca and Poa bulbosa. The natural veg-
etation cover is degraded due to cultiva-
tion, overgrazing, and wood cutting.

A suitability analysis was undertaken to
identify areas biophysically suitable for dif-
ferent WHTs. The process consists of three
steps: (1) determining the bio-physical
requirements of different WHTs, (2) bio-
physical characterization of land units, and
(3) identification of areas suitable for WH
interventions by matching steps (1) and (2).

a) Requirements for WH: The criteria used
to determine the requirements of different
WH interventions were: slope, soil depth,
soil texture, vegetation cover, stoniness of
the soil surface, and farm-size (Oweis et
al., 2001) - discussions among an inter-dis-
ciplinary team of researchers led to some
modifications of these criteria. For each
criterion there were two ratings (‘best’ and
‘second best’ options), intended to pro-
vide more flexibility when determining the
suitability of an intervention, and allowing
for the incorporation of socioeconomic
factors at a later stage. For example, if the
land was suitable for three different inter-
ventions, the land user could select one of
them based on his/her own preferences
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and needs. The final criteria agreed upon
by the inter-disciplinary team of researchers
are summarized in (Table 1.6).

b) Characterization of land units: The data
required for the bio-physical characteriza-
tion of the watershed were partly obtained
from available data and from a dedicated
field survey. Contour lines, stream lines, and
spot heights were extracted from topo-
graphic maps (scale 1:50 000). A digital
elevation model (DEM) with a 20-m resolu-
tion was generated from the contour lines
and spot heights.

A slope map was derived from the DEM.
The Arc/Info standard command ‘SLOPE’
was used to derive the slope grid. A5 x5
average (smoothing) filter was applied to
clean the layer of small (suspicious) units.

The grid was then converted into polygons
for subsequent analyses. Slope units (slope
1-18%) derived from this step were used as
basic land-mapping units for the suitability
analysis. Theoretically, soil mapping units
should be used; however, this was not pos-
sible as the soil map available for the area
(scale 1:250 000) provided insufficient de-
tail. Fortunately, in the study area there was
a strong relationship between slope steep-
ness and the distribution of soils (Taimeh,
1989; Ziadat et al., 2003). In addition, slope
steepness is one of the most important cri-
teria for the selection and implementation
of WH interventions.

The absence of detailed soil data is a
common problem in arid areas. A field
survey was designed to provide informa-
tion on the relevant biophysical factors in
the watershed. Samples were collected
using a combination of two methods of
sampling: free sampling and grid sam-
pling. Grids composed of uniformly-sized
cells were used (500 m x 500 m). One field
observation was taken from each grid cell.
To avoid an un-representative site being
sampled, the surveyor was free to select
the best site within each cell. This also
ensured that the various conditions within
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the watershed were sampled by distribut-
ing the sampling evenly across the grids.
The location of the sampling points was
recorded with a GPS. The total number
of sampling sites was 160. The following
parameters were recorded for each field
observation:

= Surface cover of stones (percentage
stoniness)

= Vegetation type and coverage (visual
estimation)

= Texture of the solil surface horizon (esti-
mated by touch)

= Soil depth (cm): boreholes involved the
digging of small ‘chisel pits’ to 40-50-cm
depth, followed by augering to the au-
ger’s maximum depth or to an impeding
layer (rock or large stones).

The Inverse Distance Weighted (IDW)
interpolator of ArcView Spatial Analyst 3.2
was used to produce a continuous surface
(grid file) of soil depth, stone percentage,
soil texture, and vegetation cover. The
interpolated grids were intersected with
each other and with the slope-unit map.
For each slope-unit the value of each vari-
able was defined accordingly to provide a
biophysical characterization of each unit.

c) Biophysical suitability for WH interven-
tions: The criteria listed in (Table 1.6) were
applied to each characterized slope-unit.
The results in a row (Table 1.6) for each
mapping unit and number of columns
represent combinations of different WH
interventions, each with different crop
types (trees, field crops, and rangeland
vegetation). For some cases two options
were considered: best and second-best.
In each column, the mapping units suited
to the relevant intervention were marked
with the symbol S1 (suitable), while those
not suited to a particular intervention were
assigned NS (not suitable). These data were
compiled together to produce a biophysi-
cal suitability map of the watershed.

The biophysical suitability map (figure 1.7)
was overlaid with the cadastral map to
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incorporate the area of the parcel as a final
criterion for selection, resulting in a final WH
suitability map. This is crucial for interventions
that require a minimum area for successful
implementation. The cadastral map was
also used to identify the owner(s) of land
suited for particular WH intervention(s). The
socioeconomic team used this information
to approach the relevant owner(s) and in-
quire about their interest in applying the rec-
ommended WH interventions in their land.

1.2.4 Findings and discussion

Interpolations for soil depth, stone percent-
age, soil texture, and vegetation cover
were made for Mharib watershed (Figure
1.6), with the classes representing the
values of each attribute as shown in (Table
1.6). The intersection of these grids with

the slope-unit grid provides a biophysical
characterization of each slope unit. Match-
ing the requirements for various WHTs with
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Figure 1.6. Surface stone cover classes (low
< 10%, medium 10-25%, and high > 25%) in
Mharib watershed, interpolated from field
observations with the IDW method.



the characteristics of each slope-unit thus
generated the biophysical suitability map
of the watershed (Figure 1.7) — the abbre-
viations used in the legend are explained in
(Table 1.7).

The team undertook several field visits to
randomly selected sites to match the land
suitability results with field suitability for vari-
ous WH interventions. These visits indicated
an acceptable agreement between land
suitability from maps and those judged in
the field.

A multi-disciplinary team visited the study
area. The following data were used during
the visits: (i) the land suitability map for
different WH interventions (Figure 1.7); (i)
information on the locations of potential
earth dams and hafair (small ponds), from
separate hydrological analysis; (i) satel-
lite images and GPS (used for navigation);
and (iv) cadastral maps. The team visited
several sites and took notes and made
observations (preliminary sites, Figure 1.8).
The information was then summarized and
used to decide on sites that should be
selected, the interventions that should be
applied at each site, and the priority of
the selected sites for implementation.

The data collected was discussed during
a meeting between the project team and
the community. The results of this discus-
sion are summarized in two points. First, the
chance of successful implementation of
interventions like earth dams and hafairs

Table 1.7. Index for WHTSs.

Legend
I:i FL- 4pd

| EIEE- KT RS

- erd-p2 g-r-pl

B i loafplcbifpd
rdapl e brpT aebdpl raapd

Legend example, rs—r—p2: runoff strips —
range crops - second best.

Figure 1.7. Potential land suitability for vari-
ous WH options in Mharib watershed, see
(Table 1.7) for legend abbreviations.

at sites which do not have communities
nearby is limited. Such sites should be
eliminated from further consideration. This
decision excluded sites 1-5 (Figure 1.8),
despite being rated as highly suitable from
a biophysical point of view, the absence
of community nearby would limit their use

Code Wates-harvesting technique Code Crop/priority
CR Contour ridges R Range crops
SCB Semi circular bund F Field crops
SB Small basins T Trees

RS Runoff strips

IRS Inter row system

CBT Contour bench terraces P1 Best

G Gradoni P2 Second Best

25



Figure 1.8. Locations of the sites consid-
ered for WH implementation.

and maintenance and therefore threaten
their sustainability. Second, the project
needed to collect information about the
owners of sites deemed to have potential
as a first step in the actual implementation
of WH interventions. For potentially suit-
able sites, the owners were approached
and the implementation of techniques
discussed.

Some of the sites selected as potentially
suitable were excluded from the study
because their owners did not wish to par-
ticipate in the project. Other sites were ex-
cluded because their owners did not live
in the area (absentee owners) — a large
number of land parcels were owned by
people who have never lived in the area,
since it is considered now suitable for
investment, thus complicating the devel-
opment of the area. A different approach
was then followed by visiting the land of
people who had indicated willingness to
participate in the project. The biophysical
suitability of their fields for their proposed
interventions was assessed and conse-
guently more sites were added to those
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previously considered and were marked
as additional sites (Figure 1.8). This ap-
proach gave the farmers the opportunity
to express their needs and at the same
time incorporate the biophysical suitability
of their land, which is an effective way to
gain more involvement and participation
of the local community.

Ultimately, all sites selected by this process
were judged to be both biophysically and
socioeconomically suitable to implement
WH intervention(s) and to have a high
chance of success. The project’s techni-
cal team undertook data collection and
detailed surveys at these sites, in order to
design and implement various interven-
tions. Within two years, four types of WH
interventions were implemented in 41
farmers’ fields (total area 62.9 ha) in close
collaboration with the local community.

The Vallerani WHT (mechanized semi-cir-
cular bunds) was implemented in 17 fields
(43.4 ha), contour ridges in 18 fields (14.5
ha), contour strips in four fields (3.9 ha),
and narrow strips in two fields (1.1 ha).

Evaluation during field investigations
showed that the applied approach for
assessing WH suitability was very promis-
ing. Water harvesting is site-specific, and
assessing the suitability of the land requires
guantitative data and involves interac-
tion between specific criteria. Therefore,
the capacity of GIS to integrate different
types of information facilitates and speeds
up the process. Given that basic informa-
tion is available, the approach could be
applied for other suitability analyses for
introducing WHTs in arid and semi-arid
areas. GIS facilitated the integration of
bio-physical and socio-economic aspects
to undertake the selection process.

The findings of the field visits agreed with
those of the suitability analyses. This em-
phasizes that these methods are reliable
and could be used to choose sites suited
to different types of WH interventions. The
analyses undertaken using GIS information
narrowed down the number of sites visited



by the team, guiding them to sites with a
high potential for the intended WHTs.

Two methods of selection were adopted
and used successfully to pick the most
promising sites. The first utilized the suitabil-
ity maps and then, using information from
cadastral maps, the owners were ap-
proached and their willingness to cooper-
ate was assessed. The other method was
by allowing the local inhabitants to ex-
press their need for implementing of WHTs
and then, by referring to the land suitabil-
ity maps, the possibilities of implementing
WH based on biophysical conditions was
assessed. This iterative process proved to
be efficient and practical in planning a
successful WH scheme. The approach in-
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tegrated biophysical and socioeconomic
aspects in a dynamic way that benefited
the whole process (Ziadat et al., 2006)*.
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Ziadat,F., Oweis, T., Mazahreh, S., Brugge
man, A., Haddad, N., Karablieh,
E., Benli, B., Abu Zanat, M., Al-Bakri,
J., Ali, A. 2006. Selection and
characterization of badia
watershed research sites.
International Center for Agricultural
Research in the Dry Areas, Aleppo,
Syria.






Chapter 2

Effect of water harvesting techniques on water
productivity and soil erosion

29






Chapter 2: Effect of water harvesting techniques on
water productivity and soil erosion

M. Mudabber, T. Oweis, M. Suifan, N. Shawahneh, Y. Sattar, F. Ziadat, A. Bruggeman
and M. Karrou

2.1 Introduction

The Jordan Badia is representative of the
vast drier environments of the West Asia
and North Africa (WANA) region. Pasture
rangeland covers the majority of the
Badia, although the vegetative cover is
not dense. The vegetation in the Badia
includes shrubs and short grasses. Barley
is the main field crop in dryland farming,
although irrigated forage, vegetables,
and fruit orchards are also found in the
Badia. Most of Jordan’s livestock (70%) is
produced in the Badia (Oweis et al., 2006).

Rainfall water is the most important natural
resource limiting land productivity of the
Badia. Water harvesting techniques (WHTs)
are an important land management prac-
tice that can improve water availability for
plants by concentrating runoff water from
unplanted areas into targeted planted ar-
eas - known as on-farm water harvesting
(WH). WHTs can improve soil structure and
decrease soil erosion rates by intercepting
runoff water at relatively short-distance
intervals; however, this requires proper de-
sign and implementation of the WHTs. WH
can also reduce the impact of drought,
which is a frequent consequence of rain-
fall variability in the Badia. WH, if integrat-
ed within production systems, in addition
to other helpful management techniques,
can play an important role in the efficient
use of rainwater. Implementation of WHTs
will automatically imply no frequent plow-
ing of the land, and thus no more destruc-
tion to soil structure, no reduction of soll
organic matter, and improvement of soll
water holding capacity.
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Many WHTs have been successfully tested
over many years, including small-scale
WH with contour furrows and microcatch-
ments of different shapes and sizes (Hat-
ten and Taimeh, 2001). Drought tolerant
forage shrubs (most commonly Atriplex
spp ) have been successfully tested under
these water-harvesting systems.

Microcatchment WH is recognized as a
useful technique in improving vegetation
and reducing land degradation. However,
its performance in improved water pro-
ductivity has not been widely quantified.

The objectives of the research were as

follows:

= Assess the effect of different WHTs on
runoff and soil erosion under field condi-
tions

= Evaluate the water productivity of the
implemented WHTs

2.2 Background

The term ‘Badia’ historically refers to the
region where Bedouins live. The annual
rainfall of the Badia is 50-150mm (Figure
2.1). The Badia represents the drier en-
vironment of WANA, and is considered
home for a substantial proportion of the
region’s rural population. Sheep are an in-
tegral part of the Bedouins’ life, represent-
ing a source of food and clothing, and a
symbol of wealth and pride.

The Badia encompasses a wide and
significant part of the Hashemite Kingdom
of Jordan. It covers approximately 72,600
km?, or 81% of the total country area. The
Jordanian Badia is sub-divided into three
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Figure 2.1. Annual rainfall of the Badia.

geographical areas (Allison et al., 1998):
Northern Badia with an area of 25 900 km?
(about 35% of the Badia total area);
Middle Badia with an area of 9600 km?
(about 13%); Southern Badia with an area
of 37,100 km? (about 51%).

Grazing in the Badia used to be sustain-
able. Modern socioeconomic changes
gradually turned grazing into overgrazing
and, among other outcomes, causing
deterioration and degradation of tradi-
tional rangelands. Nevertheless, as range-
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lands gradually degraded, the number
of herds grew constantly. Over-cutting of
shrubs further exacerbated the degrada-
tion problem, exposing soil to the danger
of water and wind soil erosion. Further-
more, the use of agricultural machinery
and the introduction of new and environ-
mentally unsuitable crops at the expense
of the natural rangelands, destroyed soll
structure and accelerated degradation
processes (Allison et al., 1998; Oweis et al.,
2006).



How is it that the Bedouins were able to
live in the Badia for thousands of years?
The nomadic Bedouins inherited the
means to coexist with steppes and the
Badia, and throughout history have estab-
lished socioeconomic systems compatible
with the surrounding environmental eco-
systems, water, and rangelands. Human
communities were nomadic and semi-
nomadic, searching for water and pas-
ture. This lifestyle induced a set of values
and laws and formed an environment-
friendly system based on the principles of
sustainability and self-sufficiency. Gener-
ally, where people in arid lands are truly
dependent on their environment for life,
they tend to treat it with great respect.
Communities evolve a deep and practical
sense of responsibility for the environment,
based on an awareness of their long-term
self interest. Local custom and law en-
sures, for example, that pastures are not
overgrazed, trees are not cut, and sources
of water are not fouled (Dutton, 1998).

Today, although some Bedouins retain
their traditional lifestyle of full mobility with
their sheep and goats, most are only mo-
bile for parts of the year, or have adopted
a fully settled way of life and are depen-
dent on grain-based concentrates for
their herds during much of the year. The
nomadic grazing system is beginning to di-
minish due to trucking and mobilization of
feed and water. There is a shift in the live-
stock production towards semi-intensive
systems. Recently, feed prices increased
rapidly and had a negative impact on
livestock production. In addition, native
pastures can no longer satisfy the livestock
feed requirements, and supplemental
feeding with barley grain, straw, bran,

and other crop by-products has become
essential. Attempts to meet the widening
‘feed gap’ have led to an expansion of
the area planted to barley, achieved by
cultivating previously uncultivated mar-
ginal land and by replacing the traditional
barley-fallow rotations with continuous
barley cropping.
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Importantly, the growing power of urban
communities has increasingly impinged
upon both the local Badia communi-

ties and the Badia physical environment.
Ideas and technologies in the urban cen-
ters have created new demands for arid
land resources, or generated new services
and products that have become inte-
grated into the lifestyle of the population
of arid areas, thus altering their relationship
to the Badia. This has encouraged a desire
for a lifestyle that cannot be supported

by the Badia physical environment. Of

the Jordanian Badia population, > 85% is
settled in areas with well-established basic
infrastructure such as roads, water, elec-
tricity, and telephones. The relative de-
pendence on the Badia has decreased,.
Land prices rose sharply in recent years
and so people are treating the land dif-
ferently. This loss of the traditional sense of
responsibility has created physical instabil-
ity, e.g. flash floods, increased soil erosion,
and the squandering of already scarce
resources (Dutton, 1998).

Over time the natural resources have
been subjected to various processes that
caused their deterioration, partly as a
consequence of natural factors such as
drought and climatic variability, and partly
due to the demands of an increasing hu-
man population. Land degradation is a
process that threatens the arid and semi-
arid ecosystems, thus displacing people,
and degrading biodiversity. The govern-
ment is increasingly focusing on restoring
the productivity of the Badia.

2.3 Materials and methods
2.3.1 Research site selection

The selection of a Badia research water-
shed followed a three-step procedure

whereby selection criteria at each of the
steps helped to focus on the most suited
site satisfying the study requirements. The
approach followed was inter-disciplinary
and included discussion meetings and



field visits to ensure that the requirements
of each discipline were met. The use of
GIS tools and analysis was an indispens-
able part of this process (Ziadat et al.,
2006). The watershed selection process
was divided into the following compo-
nents:

= Scoring and weighting of the selection
criteria

= Selection of potential watersheds (three
stages)

= Rapid rural, hydrological, and environ-
mental appraisals of the most promising
watersheds

< Data management and manipulation
The criteria used in the first selection

stage were: (1) rainfall, (2) presence of
communities, (3) soil, (4) watershed area,
and (5) topography. The second stage
used revised criteria of stage one, togeth-
er with field visits to screen the selected
watersheds. For the final stage selection,
the results of a rapid rural appraisal hydro-
logical, and environmental assessments
were used together with the outcome of
the field visits.

2.3.2 Site description

The selected 60-km? watershed is located
65 km southeast of Amman and covers
part of the lands of the Mharib and Majidi-
yah communities (Figure 2.2), with respec-
tive populations of 300 and 120 people.
The 35-ha research site is located 2-3 km
west of Mharib village. Land use is mainly
rangeland and barley, and the research
site was already planted with barley when
selected. The site has an altitude range of
820-846 m and topography comprises a
gentle slope (north-eastern), a moderate
slope (south-western), and a flood plain
and main gully between the two slopes

- the slope has a range of 2-30%. Soil
texture is silty loam to silty clay loam, with
soil depth range of 0.35-1.50 m. The soil is
generally poor in structure with moderate
permeability, and is friable, fragile, and
highly calcareous, forming a thick surface

34

crust when wetted; and highly affected by
erosion. The cover of native vegetation is
fair especially on the banks of waterways.
Plants such as Poa bulbosa, Anabasis syri-
aca, Haloxylon articulatum dominate the
native vegetation. Barley cultivation has
been long practiced. Previously, sheep
and goat flocks grazed the cultivated bar-
ley and associated native vegetation in a
destructive manner.
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Figure 2.2. Selected watershed with inter-
vention sites at both Mharib and Majidiyah.

Land tenure is 80% private (locally owned),
15% governmental, and 5% private (owned
from outside the community). The aver-
age size of a holding is 7.5 ha. The average
household size is about eight members.
Parts of the population are nomads who
travel with their flocks a far distance from
the community. The average flock size is
around 200 heads per holder: 67% of farm-
ers own a small flock and 28% a medium-
sized flock, and only 5% own large flocks.
However, medium-sized flocks compose

> 50% of the total small ruminant number
and large flocks about 30%. The grazing
period is 2-5 months according to annual
precipitation and rangeland situation.



Climate

The Badia falls in an arid climatic zone
characterized by a Mediterranean semi-
arid to arid climate with a dry summer.
Rainfall is erratic both spatially and tempo-
rally, with a maximum of 200 mm annually
(100-150 mm average annual rainfall).
Rainfall distribution is erratic both within
and between years. Rainfall frequently oc-
curs in sporadic intense storms thus result-
ing in surface runoff.

The moisture regime is transitional Xe-
ric-Aridic and the temperature regime is
Thermic. Average daily air temperature

is 17.5 °C, with a daily mean minimum of
10°C and maximum of 24.5 °C. Occasion-
ally, absolute minimum and maximum air
temperatures reach -5 and 46 °C, respec-
tively (Taimeh, 2003).

The evaporation rate is very high, and can
exceed rainfall by several fold. As a result,
the greater portion of precipitation is lost
to the atmosphere by evaporation. Rain
mostly falls during December-March with
a chance of rain during both November
and April.

Soll

The physiography is described as a very
finely dissected limestone and chert pla-
teau on Umm Rijam Chert and Muwaqqgar
Chert and Marl formation, forming a
watershed of drainage flowing southwest
to Wadi Walla, and north east to Azraq
Depression. Rounded hill crests give way
downslope to steep, rocky upper slopes
of major valleys. Middle and lower slopes
are colluvial. Broad valley floors are filled
by silty alluvium, and active wadis have
gravelly channels often rectangular or
V-shaped.

The surface of the soil is moderately hard
when dry, often with a root mat of depth
3-10 cm when soil is untilled, which pro-
tects the soil surface from wind and water
erosion. When the soil surface is tilled the
surface has a relatively high cover of
stone and gravel, and sometimes cobbles,

35

which is dominant in Mharib village, and is
relatively less in Al-Majidyya.

The dominant saoil types in the study area
are (Dr. Wa’el Sartawi, 2006):

Xerochreptic Camborthids, Loamy.
Carbonatic. Thermic, Deep.

The topsoil is a yellowish brown color,

with a gravelly fine silty clay loam tex-
ture. Structure is strong fine sub-angular
blocky, usually with common chert or
limestone. Soil reaction with HCl acid is
moderate-strong. The subsoil is a strong
brown color, with silty clay loam texture
and little to common limestone gravel.
Structure is moderate medium-fine sub-
angular blocky. Some calcium carbonate
(CaCo0,) concretions can occur through-
out the profile, with strong-violent reaction
with HCI. There is a slightly saline Cambic
horizon within 12-40 cm deep. The soil
formed on a slight-moderate alluvial and
colluvial slope of < 5%, within limestone
materials at a depth > 75 cm. The surface
is sometime capped, causing runoff and
slight-moderate rill or gully erosion. Surface
stone or gravel cover is slight.

Xerochreptic Calciorthids, Fine-silty,
Carbonatic. Thermic, Deep.

The topsoail is light yellowish brown to brown
in color, with silty loam to silty clay loam
texture and silt content > 50%. Structure

is moderate medium sub-angular blocky
with common limestone and gravels. Soil
reaction is strong with HCI. Subsoil is strong
brown to brownish yellow, moderate to
strong sub-angular blocky, 