Draft Final Report: Water Resources V&A Study Third National Communication Biennial Update
Report Rapid Dr. Abdullah Noman

Water Resources V&A Study Third National
Communication Biennial Update Report

Final Report
Apri, 2016

1

Draft Final Report: Water Resources V&A Study Third National Communication Biennial Update
Report Rapid Dr. Abdullah Noman

This publication was produced for review by the: Third National Communication
Biennial Update (TNC). It was prepared by Dr. Abdullah Abdelqader Noman.

ocument Information

Project
Technical subject
Client
Client
Representative
Consultant

Water Resources V&A Study Third National Communication
Biennial Update
Draft Final Report
Third National Communication Biennial Update Report
(TNCBUR)
Anwar Noaman
Dr. Abdulla Abdelqader Noman

2

Draft Final Report: Water Resources V&A Study Third National Communication Biennial Update
Report Rapid Dr. Abdullah Noman

Table of contents
1.

Introduction and background ......................................................................................9

2.

Study Area Description ..............................................................................................10
2.1.1 General Characteristics ......................................................................10
2.1.2 Topography, Geology, and Land Use ..................................................10
2.1.3 Soils and Land Capability....................................................................11

3.

Climate.......................................................................................................................14
3.1.1 Rainfall and Evaporation ....................................................................14

4.

Geology and Hydrogeology ........................................................................................15
4.1.1 Stratigraphy .......................................................................................15
4.1.2 Wadi Zabid Aquifer characteristics .....................................................16

5.

Water Quality ............................................................................................................16
5.1.1 Drinking water quality .......................................................................17
5.1.2 Irrigation water quality ......................................................................18
Salinity 18

6.

Groundwater pollution in Wadi Zabid........................................................................19

7.

Water Resources and management in Wadi Zabid ....................................................21
7.1.1 Surface water resources ....................................................................21
7.1.2 The flood water (Runoff) in Wadi Zabid .............................................21
7.1.3 Groundwater resources: ....................................................................23
7.1.4 Groundwater Use and Management: .................................................23
7.1.5 Irrigation system (Spate Irrigation )....................................................24
7.1.6 Conjunctive use of surface and groundwater .....................................25
7.1.7 The links between downstream and upstream areas in Wadi Zabid ...26
7.1.8 Changes induced by changing in agriculture practices in the
upstream ...........................................................................................26
7.1.9 Conflicts and cooperation between people upstream and
downstream ......................................................................................26
7.1.10 Groundwater abstraction ..................................................................27

8.

Socio economic study.................................................................................................30
8.1.1 Institutional issues .............................................................................30
8.1.2 Social issues .......................................................................................32
8.1.3 The role of women regarding water issues:........................................32
8.1.4 Stakeholder consultations .................................................................33

9.

Data Analysis .............................................................................................................33

10.

Water balance............................................................................................................35

3

Draft Final Report: Water Resources V&A Study Third National Communication Biennial Update
Report Rapid Dr. Abdullah Noman

11.

Modelling with WEAP ................................................................................................36
11.1 WEAP Model development ............................................................................36

12.

Climate input base line parameters ...........................................................................37

13.

Climate forecast .........................................................................................................38

14.

Model calibration and results ....................................................................................41

15.

Scenario development and Results ............................................................................43
15.1 Adaptation strategies prioritization based on stakeholder criteria weighting45

16.

Proposals measures and cost effective flood mitigation options in Wadi Zabid ........47
16.1 Wadi Training and Bank Protection Works ....................................................47

17.

Constraints and Gaps for Vulnerability Assessment ...................................................50

18.

Conclusion and recommendations .............................................................................51

19.

Bibliography .................................................................................................................1

4

Draft Final Report: Water Resources V&A Study Third National Communication Biennial Update
Report Rapid Dr. Abdullah Noman

List of Figures
Figure 1: location of the study area
Figure 2: cross sections of soils in Wadi Zabid (King et,el, 1985)
Figure 3: Evapotranspiration and rainfall recorded in (Al-Jarbah gauge station) Wadi
Zabid
Figure 4: Geological map of Zabid water resources management district
Figure 5: Aquifer pollution vulnerability of the study area samples
Figure 6: Annual floods water in Wadi Zabid through period from 1970 to 2011
Figure 7: Monthly flood water amounts in Wadi Zabid
Figure 8: irrigation capacity of a well in upstream area
Figure 9: irrigation capacity of a well in midstream area
Figure 10: irrigation capacity of a well in downstream area
Figure 11: Number of drilled well in the wadi zabid over time
Figure 12: The relationship between runoff and Long-term changes in groundwater
levels in some monitoring wells in Wadi Zabid
Figure 13. WEAP schematic diagram for the wadi Zabid Catchment.
Figure14: Average annual rainfall of all stations in Upper Catchment
Figure 15: Annual temperature projection for 3 climate scenarios with uncertainties
Figure 17. Groundwater storage in the Mesozoic and shallow aquifers under climate
scenarios
Figure 18: Strategies effect on all aquifers storage during the Reference Scenario
Figure 19: Strategies effect on the Quaternary aquifer storage during the UKHI Scenario
Figure 20: Strategies effect on Mesozoic and Shallow aquifers' storage during the UKHI
Scenario
Figure 21: Typical meandering channel (TDA, 2008)
Figure 22: Examples of spur types (source, TDA,2008)
Figure 23: Generous scour protection at head of spur (source, DTA, 2008)
Figure14: Average annual rainfall of all stations in Upper Cachment (mountainous
region)
Figure16. Groundwater storage in the Quaternary aquifer under climate scenarios
List of Tables
Table 1 Infiltration Rates in Wadi Zabid soils
Table 2 crop pattern in Wadi Zabid spate irrigated areas
Table 3: Suitability of water samples for drinking water in wadi Zabid and wadi Rima
Table 4: Classification of irrigation water based on salinity (EC) values (NWRA 2009)
Table 5. The Mean, Maximum and Minimum Monthly Flows at Dukeim station in (Mcm)
5

Draft Final Report: Water Resources V&A Study Third National Communication Biennial Update
Report Rapid Dr. Abdullah Noman

Table 6: measured runoff at Alkolh station during periods from 1970s to 2009s,
Table 7: the total groundwater consumption for banana
Table 8: showing groundwater levels in Wadi Zabid areas
Table 9: Mountain region change in temperature and precipitation by 2050.

Abbreviations and Acronyms
Ala'ala fala'ala
BUR
COP
EC
FAO
GARWSP
IDP
IFAD
IIP
ILRS
LRD
NIP
NWRA
PRA
PWP
SFD
TDA
TNC
TEPP
UNFCCC
UNDP
USAID
USD
WUA

Irrigation spate water rights in Yemen
giving the priority to upstream users
Biennial Update Report
Conference of Parties
Electric Conductivity
Food and Agricultural Organization
General Authority for Rural Water Supply
Projects
Irrigation Development Project
International Fund for Agricultural
Development
Irrigation Improvement Project
Irrigation and Land Reclamations Sector
Land Resources Division
Irrigation Improvement Project
National Water Resources Authority
Participatory Rural Appraisal
Public works Project
Social Fund for Development
Tihama Development Authority
Third National Communication
Tihama Environment Protection Project
United Nations Framework Convention on
Climate Change
United Nations Development Program
United States Agency for International
Development
United States Dollar
Water User Association

6

Draft Final Report: Water Resources V&A Study Third National Communication Biennial Update
Report Rapid Dr. Abdullah Noman

Executive summary
Climate change is among the emerging development issues in Yemen, and the project
responds by contributing towards such priorities while at the same time enables the
Country fulfill its commitments under the UNFCCC. This project will enable Yemen to
prepare its first BUR and TNC reports in accordance with Article 12 of the UNFCCC
without which it will be difficult to do so. Furthermore, it will assist in building further
national capacities to fulfill Yemen’s commitments to the Convention on a continuing
basis. The BUR will synergize and complement some components outlined in the TNC.
The preparation of BUR will follow the guidelines provided by the COP. The process of
including the BUR together with the TNC is technically, economically and timely feasible
by ensuring effective use of resources and consistency of the methodologies and
information exchange.
The main purpose of this study is to assess climate change impacts on water resources
and water management in Wadi Zabid drainage basin area, under certain climate
change scenarios, and to identify the required and adequate measures and adaptation
strategies that can be followed or applied in such area.
Wadi Zabid is considered one of the main wadis (intermittent streams) descending from,
and draining waters from, the semi-arid western mountain slopes of Yemen, into the
Red Sea basin. The upper cachment area of the drainage basin has a rough and
dissected topography, with an elevation reaching up to 3000 m (a.s.l). In an area
approaching the Red Sea region, Wadi Zabid debouches into rather flat area (Tihama
Zone). The average rainfall in the drainage basin is reported to be between 300 mm and
800 mm, for the upper and middle catchment areas, but significantly less in the Tihama
part (around 100 mm). Since ancient times, the agriculture in Wadi Zabid has depended
primarily on flood waters and secondary on rainfall Agriculture has been and is still the
major source of income for the population. In the 1970s, the government focused on
improving the agriculture and public services, and many studies were carried out which
resulted in the construction of many diversion structures and canals in many wadies on
the Tihama coastal plain. The intense use of groundwater, and the higher water
productivity associated with groundwater-based irrigation, raises questions on the
effect of the climate change on groundwater recharge.
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The problems associated with the climate change in wadi Zabid are varied from more
local problems such as poverty, vegetation and degradation problems, sinking
groundwater levels and sand dune movement, to the more regional problems such as
rainfall shortage and problems of groundwater recharge. The problems were ranked as
following: poverty, rainfall shortage, decreased groundwater recharge, drought and
sinking groundwater table, desertification, socio-economic situation and migration
In this study, a scenario analysis approach was used in conjunction with the Water
Evaluation And Planning model (WEAP) in order to assess the impacts of the climate
change on the water resources of the Wadi Zabid in 2050. For each climatic scenario,
the water resource implications were compared to a 2010 “baseline.” The model
enabled analyses of unmet water demands, and water storage for each scenario.
The model results show that for the different climatic scenarios considered in this study
, the combined in implementation of the socioeconomic and technical measures can
reduce the unmet demands and shortfalls to levels lower than, or similar to, those
experienced in the 2010 baseline. However, in all cases these interventions will be
insufficient to completely meet the demands of all the sectors. A tight control of the
growth in future demands is essential, although this may be difficult in a dry climate like
Wadi Zabid in Yemen.
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1.

Introduction and background

Climate change is among the emerging development issues in Yemen, and the project
responds by contributing towards such priorities while at the same time enables the
Country fulfill its commitments under the UNFCCC. This project will enable Yemen to
prepare its first BUR and TNC reports in accordance with Article 12 of the UNFCCC
without which it will be difficult to do so. Furthermore, it will assist in building further
national capacities to fulfill Yemen’s commitments to the Convention on a continuing
basis. The BUR will synergize and complement some components outlined in the TNC.
The preparation of BUR will follow the guidelines provided by the COP. The process of
including the BUR together with the TNC is technically, economically and timely feasible
by ensuring effective use of resources and consistency of the methodologies and
information exchange.
Without this enabling activity project, Yemen will not be able to meet its commitments
under the UNFCCC and prepare and submit the BUR and TNC to the conference of
parties (CoP) of the UNFCCC. This project under the GEF enabling activities will enable
Yemen to prepare its BUR and TNC in accordance with Article 12 of the UNFCCC after
the successful completion and submission of its SNC in 2013. It will assist in building
further national capacities to fulfill Yemen’s commitments to the Convention on a
continuing basis besides increasing the awareness on climate change issues particularly
among policy-makers to take into considerations while setting out national and sectoral
polices, strategies, and programme. Similarly, the introduction of BUR will enable
Yemen to effectively prepare the report in the future.
The project will contribute to strengthening national and institutional capacities to
coordinate BUR/NC reporting process through designation of a technical committee
under the existing Inter-Ministerial Committee on Climate Change (IMCCC). An interagency technical focal points representing the relevant line agencies will be designated,
and their capacities will be strengthened particularly for the collection of GHG inventory
data from their respective agencies. Such capacity building and institutional
arrangements which are to be undertaken by the project will support Yemen to
coordinate BUR/NC reporting processes in a sustainable manner noting that the
indicated technical committee will be backed by two national policy decision-making
bodies including the IMCCC, and the EPA board directorates.
The project will also increase levels of awareness on climate change issues particularly
among policy-makers. Similarly, the introduction of BUR will strengthen national
9

Draft Final Report: Water Resources V&A Study Third National Communication Biennial Update
Report Rapid Dr. Abdullah Noman

capacities and enable Yemen prepare the report in the future. Specifically, the BUR, for
instance, will assess existing arrangements for domestic monitoring, reporting,
verification (MRV) and make suggestions for enhancement. The project draws on the
experiences and results of the previous NCs; in particular, activities are focused on areas
and sectors that have been identified as most relevant for the GHG balance in Yemen. A
central element of the project strategy is to enhance the cost-effectiveness of its
planned interventions by capitalizing on its proven track record and experience in
addressing environmental, and climate change challenges in the country besides it
professional working relationships that have been established, and maintained with
partners and stakeholders including national institutions, donor agencies, and local
communities as well as civil society organizations.
2.

Study Area Description

2.1.1 General Characteristics
The catchment area of the Wadi Zabid area is about 4630 km2 on the so-called Western
Escarpment of the highlands along western part of the Yemen Republic (Figure 1). The
catchment extending as far as so-called green Yemen region around the city of Ibb,
Gabal Sumarah and Al-Odien province. Agriculture in this catchment is very intensive
and the rainfall is sufficient (1000 mm). The rainfall is more evenly distributed over the
year than in the more arid parts of Yemen. The coastal area of the Wadi Zabid is spate
irrigated areas that cover about 152 km2 while the rest of the catchment is mountain
area. Wadi Zabid is one of seven major wadis, which developed in these highlands and
flow westwards to the Red Sea across the semi-arid coastal plain locally known as
Tihama.
2.1.2 Topography, Geology, and Land Use
The area comprises a gently sloping mountainous (foothills zone) terrain at low
elevations bounded from the higher rugged and highly dissected mountains that reach
elevations well over 3000 meters. The stream length and gradient of the study area are
80 km and 0.003 m/m, respectively. The main wadi channels have a mean depth of 2.0
m and width of 30 m. The surficial geology is dominated by Tertiary Yemeni Volcanic in
the upper catchment of the study area. Further downstream, Tertiary granite intrusions
cover large areas, within a short distance from the Tihama Plain. Forty-two percent of
the study area is mountainous terraced terrain with shallow soil depths varying from 1.5
to 3 m. The rest of the study area is a rugged terrain with minor vegetations (Noman,
2011).
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Figure 1: location of the study area
2.1.3 Soils and Land Capability
The soils of the study area can be divided into three main types: those associated with
the very steep rocky slopes; the stony soils of the flatter slopes; and the soil on the
terraces. The former are thin and patchy and have non-significant agricultural potential.
The second group, commonly have stones and boulders at the surface and in the profile.
In a transect across Wadi Zabid (Figure 2 A) several levels of natural alluvial terraces,
each with distinct textural compositions, are observed. The older, more extensive
terraces contain less sorted, coarser materials (gravel and small boulders) while
younger, less extensive terraces are typically better sorted and finer in texture. Textures
of soils near the border of dune fields and wadis are coarse. Textures become finer
towards the interior of the wadi. In an east-west transect along the Wadi Zabid from the
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volcanic mountains to the Red Sea, another sequence of sediments is observed (Figure 2
B). In general, materials become finer westward from the mountains until a zone of
recent sedimentary marine deposits is reached near the Red Sea. This sequence of soil
parent materials appears typical for the Tihama as a whole (King et,el, 1985).

Figure 2: cross sections of soils in Wadi Zabid (King et,el, 1985)
The terrace soils occur in a very distinctive stepped landscape. The soils are chiefly
composed of friable gravelly sandy loam horizons with some included stones and
pebbles. There would appear to be some potential for further agricultural development
of the terrace soils and some prospects of upgrading the stony soils of the flatter slopes
with which they are often geographically associated (Noman and Sharafaddin, 2011)..
According to (IIP,2002) the soils were classified into four main groups as minted by IIP
2002 as following :
• Alluvial soils:
30%;
•

Soils affected by wind erosion:

22%;

•

Arid brown soils:

47%;

•

Salt effected soils

1%

Infiltration rates was estimated that the final infiltration rate of 1 cm/hr (240mm/day;
9.4 inches/day) has been assumed for all analyses and recommendations concerning
irrigation practices. Values for the final infiltration rates depends largely on soil texture,
and indicative values are given in Table (1)
Table 1 Infiltration Rates in Wadi Zabid soils
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The level

Final Infiltration Rate
(cm/hr)

Probable Soil Texture

High

3.0 to 8.0

Sandy loam; sandy clay loam

Medium High

1.5 to 3.0

Loam; silt loam

Medium Low

0.5 to 1.5

Clay loam; silty clay loam

Low

0.2 to 0.5

Clay

Source: (IIP,2002)
Land use in Wadi Zabid plain where a study area located within spate irrigated areas,
include agriculture fields, while there are many villages distributed in various areas of
wadi. The spate irrigation areas in Wadi Zabid plain divided into three parts upper, mid
and downstream, but spate water often allocated with upstream areas according to AlGabarti rule for water distribution. So the spate water is insufficient for beneficiaries in
other areas, while the cope pattern in those areas included grain and fodder, fruits,
vegetables and other cash crops (FAO 1987).
Table 2 crop pattern in Wadi Zabid spate irrigated areas
Type of crop

%

Area ha

Groundwater
irrigation %

Cereal grains:
(Sorghum grains, Sorghum
53
8063.95
20
fodder, maize)
Fruits;
ii.
23
3651.6
901
(papaya, melon, banana)
Vegetables;
iii.
(tomatoes, onion,
3
456.45
70
cucumber, peppers…ect)
Other cash crops;
iv.
20
3043
90
(cotton, tobacco, sesame)
Source: General statistical organization (2002) modified by the researcher
i.

Spate water
irrigation %
80

10

30

10

The terrace soils occur in a very distinctive stepped landscape. The soils are chiefly
composed of friable gravelly sandy loam horizons with some included stones and
pebbles. There would appear to be some potential for further agricultural development
1

In this not the banana crop have big water irrigation requirements
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of the terrace soils and some prospects of upgrading the stony soils of the flatter slopes
with which they are often geographically associated (Noman, 2011)..
3.

Climate

3.1.1 Rainfall and Evaporation
Depending on the climate data measured by TDA (Al-Jarbah gauge station) during the
period from 1981 to 2008 vary amount of rain on Wadi Zabid where the average rain
annual about 412 mm, spread over two periods were the first period from January to
June 109 mm, and the second period from July to December, 303 mm. The number of
rainy days (>10 mm) is around 17 days (Noman and Saleh 2011) which is typical of
desert climate. The rainy events are characterized by a rapid onset and high intensity
short duration. Shower storms are infrequent, localized, and variable within the basin.
The amount of evaporation exceed the amount of rainfall, the calculated [ETo]
according to the Penman method is around 1704 mm/year, spread over two periods of
the first period from January to June 870 mm, and the second period from July to
December, 834 mm ( see figure 3)

Figure 3: Evapotranspiration and rainfall recorded in (Al-Jarbah gauge station) Wadi
Zabid
The rainfall is decreased towards west, while may reach to half of low in downstream
areas.
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4.

Geology and Hydrogeology

The surficial geology is dominated by Tertiary Yemeni Volcanic in the upper catchment
of the study area. Further downstream, Tertiary granite intrusions cover large areas,
within a short distance from the Tihama Plain. Forty-two percent of the study area is
mountainous terraced terrain with shallow soil depths varying from 1.5 to 3 m. The rest
of the study area is a rugged terrain with minor vegetation. The aspects of the geological
and hydrogeological Zabid water resources management district have been studied by
several consultants during the period from 1970-1988 (Figure 4), for both the catchment
area and Tihama coastal plain.

Figure 4: Geological map of Zabid water resources management district

4.1.1 Stratigraphy
The stratigraphy of Wadi Zabid comprised entirely of sedimentary deposits which are
over (200m) thick (NWRA, 2009). The subsurface geology forms basically a continue
which can be divided into two broad faces based on grain size, which decreases westwards as a factor both of degree combination of sediment transport capacity as the
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Wadi spate is dissipated on route to the sea. Altogether four main physiographic units
can be recognized within the land for the coastal plain are:
• Alluvial fan
•

Alluvial plain (Coarse to medium subsurface deposits).

•

Alluvial sand deposits

•

Alluvial marine platform (medium to fine subsurface deposits).

4.1.2 Wadi Zabid Aquifer characteristics
The alluvial aquifer (Layers IV and V in the geoelectric section) is well developed
throughout the province, ranging in thickness from 25 m in the east, near the foothills,
to 150 m in the plain and 300 m at the coast. Aquifer tests yielding meaningful
transmissivity and specific yield values are limited; in general, transmissivities increase
from 100-500 m2/d in the east to 2000-3000 m2/d in the west Specific yield values
ranging, variously, from 0.07 to 0.27 have been derived through field tests and/or
assessment of recharge mound development; recent studies of groundwater depletion
have led to the adoption of a mean value of 0.13.
The aquifer rests on pre-Tertiary bedrock in the east, whereas to the west the
underlying strata are interpreted to be low permeability/saline Tertiary sediments of the
Baid Formation. Bedrock topography is markedly affected by faulting which tends to be
of graben type with individual faults trending N-S parallel to both the Red Sea axis and
foothills exposure. A significant increase in aquifer thickness; attributed to structural
control, occurs about 20 km from the coast. (FAO)
5.

Water Quality

According to NWRA (2009) , Wadi Zabid Water Quality study carried out by NWRA
investigation, evaluation of the quality of groundwater through testing of chemical,
physical and bacteriological properties. This study was based on sampling and
laboratory analysis, the 229 samples were collected 129 from Wadi Zabid and 100 from
Wadi Rima. The Wadis were divided into three parts; upstream including the area more
than UTM – E 325000m; midstream between 325,000m – 305,000m; and downstream
less than 305,000m. Process of water quality evaluation in wadi Zabid by NWRA
addressed drinking and irrigation water quality as follow sections.
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5.1.1 Drinking water quality
According to NWRA (2009) the water quality parameters used were the Yemeni
standards for drinking water set by the National Water Resources Authority (NWRA).
These standards generally apply to two limits, the Optimal Limit (OL) and the Maximum
Permissible Limit (MPL). Despite only 50 of the wells sampled being from water supply
projects, all analysed samples were assessed for suitability as drinking (domestic) water.
This is mainly because, despite the primary use of wells as being for irrigation, farmers
not connected to public mains commonly use the water for domestic purposes.
Summary of the quality classification of suitability for domestic/drinking use for all
analyzed samples is given in Table (3).
It should be noted that very few samples were found to be over the Maximum
Permissible Limit (MPL), and more than 80% of the samples had levels between Optimal
Limits and Maximum Permissible Limit.
With respect to Nitrate element, only 12 % of samples (28 sample) were found over
Maximum Permissible Limit (MPL). These samples were dug wells and concentrated in
the west / north of the study area. Also regarding Chloride, about 4% of samples (10
samples) were found over Maximum Permissible Limit (MPL). These samples were from
wells are concentrated in the west of the study area on the coast and may be affected
by salt water intrusion.
Table 3: Suitability of water samples for drinking water in wadi Zabid and wadi Rima
(NWRA 2009)
Element

Maximum
Permissible
Limit(mg/l)

Optimal
Samples
Limits (mg/l) within (OL)

Samples
Samples
over the
within (MPL)
(MPL)

TDS

650

43

1500

167

19

Calcium

75

131

200

94

4

Magnesium

30

155

150

70

4

Sodium

200

177

400

40

12

Potassium

8

217

12

4

8

Bicarbonate

150

0

500

214

15

Chloride

200

173

600

46

10

Sulfate

200

213

400

13

3
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Nitrate

10

39

50

162

28

Iron

0.3

37

1

177

15

Flouride

0.5

100

1.5

120

9

Total
Hardness

100

209

500

20

0

5.1.2 Irrigation water quality
The suitability of water for irrigation is determined by its mineral components and the
type of the plant and soil to be irrigated.
Salinity
According to NWRA 2009 the EC, irrigation water was classified into four categories as
shown in Table 4. The most of samples were classified as C3 water type (209 samples)
with EC values between 750- 2250 (µS/cm), while 20 sample were classified as C4 with
EC > 2250 µS/cm). These classifications refer to water that is unacceptable for irrigation,
except on very salt tolerant plants with field conditions including excellent drainage,
frequent leaching, and intensive management.
Table 5: Classification of irrigation water based on salinity (EC) values (NWRA 2009)
Level

EC (µS/cm)

No. Of
Samples

C1

< 250

0

Low hazard; no detrimental effects on plants, and
no soil build-up expected.

C2

250 - 750

0

Sensitive plants may show stress; moderate
leaching prevents salt accumulation in soil.

C3

C4

750 - 2250

> 2250

Hazard and limitations

209

Salinity will adversely affect most plants; requires
selection of salt-tolerant plants, careful irrigation,
good drainage, and leaching.

20

Generally unacceptable for irrigation, except for
very salt tolerant plants, excellent drainage,
frequent leaching, and intensive management.

18

Draft Final Report: Water Resources V&A Study Third National Communication Biennial Update
Report Rapid Dr. Abdullah Noman

6.

Groundwater pollution in Wadi Zabid

Saltwater intrusion reduces freshwater storage in coastal aquifers and can result in the
abandonment of freshwater supply wells when concentrations of dissolved ions exceed
drinking-water standards. The degree of saltwater intrusion varies widely among
localities and hydrogeologic settings. In many instances, the area contaminated by
saltwater is limited to small parts of the aquifer and has little or no effect on wells
pumped for groundwater supply. In other instances, contamination is of regional extent
and has substantially affected groundwater supplies. The extent of saltwater intrusion
into an aquifer depends on several factors, including the total rate of groundwater that
is withdrawn compared to the total freshwater recharge to the aquifer, the distance of
the stresses (wells and drainage canals) from the source (or sources) of saltwater, the
geologic structure and distribution of hydraulic properties of the aquifer, and the
presence of confining units that may prevent saltwater from moving vertically toward or
within the aquifer. Moreover, the time required for saltwater to move through an
aquifer and reach a pumping well can be quite long. Depending on the location and
lateral width of the transition zone, many years may pass before a well that is
unaffected by saltwater intrusion suddenly may become contaminated.
Briefly, In NWRA 2009 study, there are over-exploitation of groundwater resources in
both of Zabid and Rima wadis, this led to vulnerability of the groundwater reservoir, due
to the excessive pumping resulting lowering the piezometric surface, mismanagement,
contamination from saline groundwater, point sources (e.g. spills, cesspits and waste
disposal, leakage from storage tanks at petrol filling stations, factories and waste water)
and diffuse sources, including irrigation return water containing pesticides and
fertilizers. The pollution degree various according to exploitation places, where the
abstraction in some areas affects another areas. result for this the pollution in upstream
areas by over use for banana irrigation is higher than midstream areas as shown in
Figure 5 although this is recharge areas. So, downstream areas because lack of recharge
by spate waters its pollution is highest especially the areas located near coast.
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Figure 5: Aquifer pollution vulnerability of the study area samples
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7.

Water Resources and management in Wadi Zabid

7.1.1 Surface water resources
Surface waters is the main resource for groundwater recharge by infiltration process,
that amount of water infiltrated to the groundwater varies according to volume of
inflow water.
7.1.2 The flood water (Runoff) in Wadi Zabid
There is a difference in amount of flood water flowing into the Wadi Zabid according to
the measured data by TDA Al-kolah gauge station during periods from 1970s to 2000s,
which vary from one contract to another time as shown in figure (6) a below . The
average annual flow is generally measured 118.1 MCM. This amounts of flood waters
included runoff and baseflow together.

Figure 6: Annual floods water in Wadi Zabid through period from 1970 to 2011
The average of runoff monthly about 9.9 MCM that runoff increased in Al-Kharef season
from May to Agu as shown in figure (7). Table 5. shows the Mean, Maximum and
Minimum Monthly Flows at Dukeim station in (Mcm)

21

Draft Final Report: Water Resources V&A Study Third National Communication Biennial Update
Report Rapid Dr. Abdullah Noman

Figure 7: Monthly flood water amounts in Wadi Zabid
Table 5. The Mean, Maximum and Minimum Monthly Flows at Dukeim station in
(Mcm)
J
F
M A M J
J
A
S
O N D Annual
Mean
Max
Min

2.9 2.8 4.6 8.9 15. 11.3 19.0 26.1 20.1 10.
6
7
10. 11.1 26. 46. 59. 23.3 55.6 83.5 50.3 48.
1
9 8 9
1
6.29
8.41
5.29
1.5
.46 .29 .17 .81 .78 2.49
4

5.6 4.3

131.9

36. 27.
27
.03 0

237.6
59.4

There is a difference in amount of flood water flowing into the Wadi Zabid according to
the measured data by TDA Alkolh station during periods from 1970s to 2000s, which
vary from one contract to another time. The average annual flow is generally measured
118.1 MCM ( table 6).
Table 6: measured runoff at Alkolh station during periods from 1970s to 2009s,
The period of time

The annual average amount of flood water MCM

1970 – 1979

159.81

1980 – 1989

101.80

1990 – 1999

123.77

2000 – 2009

87.03

The average

118.1
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7.1.3 Groundwater resources:
Information on the hydrogeological environment of the province has come from
borehole drilling/logging (28 sites), geo-electric surveying and limited seismic refraction
profiling. The alluvial aquifer (Layers IV and V in the geoelectrle section) is well
developed throughout the province, ranging in thickness from 25 m in the east, near the
foothills, to 150 m in the plain and 300 m at the coast. Aquifer tests yielding meaningful
transmissivity and specific yield values are limited; in general, transmissivities increase
from 100-500 m2/d in the east to 2000-3000 m2/d in the west Specific yield values
ranging, variously, from 0.07 to 0.27 have been derived through field tests and/or
assessment of recharge mound development; recent studies of groundwater depletion
have led to the adoption of a mean value of 0.13.
The aquifer rests on pre-Tertiary bedrock in the east, whereas to the west the
underlying strata are interpreted to be low permeability/saline Tertiary sediments of the
Baid Formation. Bedrock topography is markedly affected by faulting which tends to be
of graben type with individual faults trending N-S parallel to both the Red Sea axis and
foothills exposure. A significant increase in aquifer thickness; attributed to structural
control, occurs about 20 km from the coast. (DHV)
7.1.4 Groundwater Use and Management:
Access to groundwater in spate irrigation radically changes farming opportunities.
Where groundwater is available, the unpredictability associated with spate irrigation
largely disappears, and farmers can rely on a safe supply of water for their production.
Wherever groundwater development has been possible, farmers have taken advantage
of it and harnessed water in a much more productive way than that expected from
traditional spate systems.
Since the modernization of the Wadi Zabid system in Yemen, the area under cultivation
has increased substantially. There is evidence that this is related to the increase in
groundwater use, rather than any increase in the diversion efficiency provided by the
new structures in the spate-irrigated areas. In Wadi Zabid, wells are used in conjunction
with spate-water supply and as the only sources of irrigation water. Since the 1970s
there has been a rapid increase in well development, mainly shallow wells with some
extensions.
In 1988, there were 1 411 wells in Wadi Zabid, of which 1 221 were functional. These
were almost all used for irrigation but, at the same time, served as an important source
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of drinking-water. As a result, the area under banana has increased from 20 ha in 1980
to more than 3500 ha in 2000..
Groundwater quality in the coastal region of Yemen where Wadi Zabid are located, is
generally good enough for irrigation, groundwater salinity ranged from 2 250–2 650
ìS/cm. In areas with high salinity, irrigation from groundwater is not an option. However
small prisms of freshwater, stored in the bed of the spate rivers, can be an important
source of drinking-water supply in areas with generally saline groundwater.
The intense use of groundwater, and the higher water productivity associated with
groundwater-based irrigation, raises questions on the relation between spate irrigation
and groundwater recharge. One issue, related to in situ water management, is whether
the best spate-water management strategy should maximize recharge, or agricultural
productivity of the spate-irrigated areas. Another issue is the relationship between
upstream and downstream water users. It is exemplified by the recent debate on water
distribution in Wadi Zabid in Yemen, where a system of time-based water allocation is in
place. Under this regime, the downstream command area is entitled to floods in the offseason only. As the occasional spate flows are able to recharge shallow aquifers for a
long time, downstream land users are now requesting their share of spate floods in the
peak season. Such conditions, where wealthier downstream users would take advantage
of water used by upstream spate farmers, could be the basis for application of the
concept of payment for ecosystem services, where part of the gains obtained from
additional recharge downstream could be used to compensate upstream farmers for
losses incurred with reduced water supply.
7.1.5 Irrigation system (Spate Irrigation )
Since ancient times, the agriculture in Wadi Zabid has depended primarily on flood
waters and secondary on rainfall Agriculture has been and is still the major source of
income for the population. Given that rainfall in Yemen occurs in two seasons (the AprilMay secondary season and the July-September primary season), it was necessary for the
population to organize the irrigation activities which depend mainly on the flood waters
flowing from the mountains to the east of Zabid, The regulating rules were devised by
the renowned Moslem scholar Sheikh Gebrati some 620 years ago.
Where water is distributed giving priority to upstream users, following the usual al a'la
fal a'la rule, since centuries a system was devised to distribute water on a time schedule,
all year long following the seasonal changes. The schedule is as follows:
•

The upper delta area (group 1 – weir 1 and 2): from 18th October to 2nd August.
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•

The middle delta area (group 2 – weir 3 and 4)): from 3rd August to 13
September.

•

Lower delta area (group 3 – weir 5): from 14th September to 18th October.

7.1.6 Conjunctive use of surface and groundwater
The conjunctive use of surface and groundwater is one of the strategies of water supply
management which has to be considered to optimize the water resources development,
management and conservation within a basin, and artificial recharge of aquifers is
certainly one of the tools to be used for that purposeConjunctive use of shallow
groundwater removes much of the insecurity associated with spate irrigation and allows
production of cash crops with high crop water requirements that cannot survive long
periods between irrigations. However provision of credit to allow farmers to purchase
wells and pumps should be regulated to prevent rapid over exploitation of shallow
groundwater and in coastal areas saline intrusion and the destruction of aquifers.
Provision of communal wells to enable poorer farmers to benefit from groundwater
irrigation could be considered.
The conjunctive use of spate and ground water can greatly improve the productivity of
spate irrigation schemes in terms of both quantity and quality. For instance, it is noted
that in Yemen farmers who could afford the cost of groundwater (either by installing
their own wells or by buying the water from nearby well owners) usually shift to
growing more cash crops, especially fruits that are exported to neighbouring Gulf
countries.
Conjunctive use of spate irrigation and groundwater is also common in coastal Yemen
where cropping patterns in many coastal spate systems in the Wadis, e.g. Tuban and
Zabid, have changed dramatically since the 1980s due to a remarkable increase in
shallow wells. As a result, the area under banana cultivation has increased from 20ha in
1980 to more than 3,500ha in 2000 in Wadi Zabid. Many spate irrigation areas have
been transformed into areas of high value agriculture, with bananas and mangoes as the
main crops, dependent on the combined use of spate flows and groundwater.
In Wadi Zabid wells are used conjunctively with surface supplies, as well as a single
source of irrigation water. Since the 1970s there was a rapid increase in well
development, mainly shallow wells with some extension. In 1988 1,411 wells are
recorded in Wadi Zabid, 1,221 of which are pumped. These were almost all used for
irrigation – but served as an important source of drinking water at the same time. Most
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well development had been along the axis of the Wadi and most wells are located in the
lower Wadi areas near the coast, where depth to groundwater is less.
7.1.7 The links between downstream and upstream areas in Wadi Zabid
In Wadi Zabid, the project to improve the irrigation infrastructure in the 1970s changed
the control and flow of water in the valley resulting in what many feel is a disruption of
the traditional water rights. While there is a general understanding that the current
situation harbors potential difficulties, the changes people are experiencing are
perceived differently. On the one hand there is the view that the problem is related to
the climate and beyond the control of the individual farmers, on the other hand there is
the view that some form of control is needed to stop people from violating the system
and others’ rights.
7.1.8

Changes induced by changing in agriculture practices in the upstream

In the past and until the beginning of the 70s, spate water was the major source for
irrigation in Wadi Zabid . The spate water was more or less predictable and benefitted
almost all the farmers in the wadis. Then, forty years ago, there was a change in the
spate flow primarily because of lack of rain, and a change in the cropping pattern in the
region. Where grain was cultivated in the past, now farmers turned to crops yielding
significantly more economically, and requiring large amounts of water for irrigation,
such as bananas and mangos. In the upstream areas this led to farmers taking more of
the spate water to cover the water needs of their crops at the expense of farmers
downstream, in accordance with the Al-a’la fi-l-a’la rule which has been the norm within
spate water distribution since ancient times.
The increase in agricultural area and investment upstream also impacted heavily on the
water available to farmers downstream. Expanded investments in large mango farms,
and the building of dams and canals affected the water distribution rights in the wadi as
people upstream were controlling the spate water and restricting the access to farmers
downstream.
7.1.9

Conflicts and cooperation between people upstream and downstream

The people in the upper part of Wadi Zabid are not aware of what happens far
downstream. They have many problems among themselves, even within the same canal
group, and between the three canal groups in the upper part of wadi Zabid. In the past,
before the weirs were constructed and before the banana farming, the people upstream
got water by soil diversion structures. These soil structures would, as mentioned, break
when there was a flood and the water passed downstream. After the concrete weirs
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were constructed the pressure from the water could be withstood, and there was no
such flood reaching the downstream areas of the wadi. People downstream were
unhappy with this, but on the other hand people on both sides of the weirs suffer from
the sediment accumulation in front of the weir.
7.1.10 Groundwater abstraction
Groundwater withdrawal is mainly for irrigation purpose with 97% and for both
domestic with industrial use by 3%
Groundwater irrigation use:
Water consumption has been calculated in the wadi depending on number of irrigations
supplementary to agricultural crops in the wadi. In upstream the irrigation by flood
water about 4 times a year, where the water the flood waters about 86% of the total
area allocated for irrigation by the floods, which amounts to 4320 hectares.
Banana crop covers an area of 1900 hectares with about 44 percent of the areas. Where
the consumption of bananas 2900 m3 per hectare per one irrigation. Banana crop
irrigated twice per month, in other words, about twenty watering annual in upstream
area, where the hectare consumes about 57,600 m3 per year. This means that the total
groundwater consumption for banana irrigation at upstream area is 109 MCM annual.
Others crops which cover area of 1800 hectares consume about 21 MCM annual ( see
table 7).
Table 7: the total groundwater consumption for banana

Site

Upstream
Midstream
Downstream
Total

The
Area
The
Area
The
Total
Area of
amount
of
amount
of
amount consumption
Ratio of
banana
of
fodder
of
other
of
consumption
fields
water
fields
water crops water
%
MCM
ha
MCM
ha
MCM
ha
MCM
1,900
109
1,300
15.00
500
6.0
130.0
%45
1,700
113
2,600
30.00
1000
11.0
154.0
%53
0
0
400
5.00
100
1.0
6.0
%2
3,600
222.0
4,300
50.0
1,600
18.0
290.0
%100

In the midstream banana crop covers area about 1700 hectares, where the banana
consumes 113 MCM annual. This means the hectare requires 66240 m3 / year. Where
irrigated by flood water only once time.
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The other crops, which cover an area of 3600 hectares consume about 68 MCM / year.
In addition to domestic and industrial consumption, which is estimated at 10 MCM.
The irrigation capacity of a well
The irrigation capacity of a well different from area to area where in upstream the
irrigation capacity as shown in figure 8 a below, that average area irrigated by well
about 5.4 ha, with 63% banana, 23% sorghum and maize, 2% vegetables and 1% melons.
In those wells the conjunctive use between groundwater and floods water in high may
be reach to 50%

Figure 8: irrigation capacity of a well in upstream area
In case midstream area the irrigation capacity of about 4.68 ha by well as shown in
figure 9 a below, that included cultivation of corps with 52% sorghum and maize, 44%
banana , 2% mango and 2%vegetables.
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Figure 9: irrigation capacity of a well in midstream area
As well as, downstream area it has different case, where average area irrigated by well
about 7.56 ha. But there is patterned crop more different that crops irrigated
represented 74% sorghum and maize, 12% vegetables, 5% melons, 2% sesame and 0.3%
mango (see figure 10). But these cases represents cropping pattern that conjunctive
with both groundwater , rainfall and little amount of flood water, so these crop
consumes groundwater less than bananas and mango crops because water level in
these wells declined continuously.

Figure 10: irrigation capacity of a well in downstream area
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Number of wells
Average number of wells distributed about 2950 in Wadi Zabid, of 2535 which are
pumped with 86% ( see figure 11). One well, covering about 5 hectares which is
equivalent to 20 wells per km2 . Due to the change in the pattern crop (banana) has
increased the number of wells drilled in Wadi Zabid of 460 wells at the end of the fifties
to about 2950 in 2000s, with the annual rate of increase in the number of wells about
0.04.

Figure 11: Number of drilled well in the wadi zabid over time
During the seventies agricultural revolution began in Yemen, where the government
encouraged the vertical and horizontal expansion in the agriculture without doth
consequences of the future where materials were available and low consumption.
Drilling continued increasingly until the nineties, which started showing signs of danger
to groundwater sources disturbing.
8.

Socio economic study

8.1.1 Institutional issues
The institutional aspect the bodies responsible on surface water management and
groundwater are Tihama Development Authority (TDA) and NWRA as major, as well as
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water institution and security and legal bodies. The community the bodies responsible
are local councils, sensible people, water users associations and farmers.
During interviews with the relevant authorities responsible for water management
water in Zabid Wadi, there are responsibilities conflict where everybody blames the
other side.
TDA is responsible for Tihama Wadis management, including Wadi Zabid, which is
managed by TDA branch in Zabid. which was officially managed until 2003. then
delivered for development irrigation project. which manages Wadi Zabid and the
establishment of water users' associations by DIP. WUAs tasks water management for
water spates distribution and TDA role become represented by the Department of
Maintenance is limited to supervision and maintenance of spate irrigation facilities
Responsible for the planning on agricultural crops are the responsibility of TDA, which is
supposed to put end to crops cultivation that deplete groundwater significantly, but
unfortunately this has not been implemented.
Department of Water in TDA branch It has limited role on taking and recording of
hydrological data and groundwater levels for some monitoring wells. While GSCP took
the recording data in other monitoring wells, addition to awareness campaigns to
rationalize water use and sale of modern irrigation facilities for farmers at low prices.
NWRA has role about grant drilling and deepening wells permits.
The big gap is the lack of coordination and cooperation between these bodies , starting
from higher authorities of the Ministry of Water and Environment and Ministry of
Agriculture and Irrigation until executive offices at the branches level. Which led to
errors accumulation and problem exacerbated of groundwater and surface water
deterioration.
Through interviews with the relevant authorities, the problems are summarized at
following:
1. Lack of financial resources that enable authorities to improve its performance
2. Do not give priority to groundwater resources sustainability by higher authorities
in decision-making
3. Absence of effective participation among relevant authorities and stakeholders
4. The laws and strategies that Organized of of water resources sustainability in
water basins it is not-implementation
5. Absence of integrated water resources management
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8.1.2 Social issues
The Water Users Associations (WUAs) was established in 2003 by developing irrigation
project in Wadi Zabid in order to involve them in water management. But this plan was
not studied well. That is WUAs take burden over their power as result lack of awareness
on responsibility, in addition to the disparity in cultural and social level among the
community.
Topographic variation at Wadi level where WUAs in upstream seeking to get most
amount of water floods even if it is at the expense of others share the midstream and
downstream that led to deficiencies in WUAs work . Also landowners and association
leaders upstream area are large-scale farmers which dominants on water distribution.
All of these errors in the distribution of flood waters caused defect in groundwater
deterioration as a result to groundwater depletion in upstream and some parts in
midstream areas for banana irrigates.
8.1.3 The role of women regarding water issues:
The study also included women to learn about their opinions and roles in relation to
water issues. Most of the interviewed men said that women are responsible only for
household work, to bring water from the nearest wells with help from their children, in
the cases when the house is not connected the drinking water project or when this
project is not functioning. The women do not have a role in any water associations.
Women contribute to the income of the family by producing handicrafts (making ropes
for mats and making baskets) and sewing. These products are however sold at very low
prices and in some families women spend many hours only to receive a tiny income to
help their family.
The interviewed women had the same opinion regarding water resources problems and
the suggested solutions. Poverty, Persopis Juliflora trees, desertification and sand dunes
movements, drought, shortage in rainfall were all problems mentioned by the women.
Another problem the women brought up concerned education. There is no separate
school for the girls in the area and there are no government employees, especially
teachers there. Eight women from the area have graduated from high school, but they
have not found employment

32

Draft Final Report: Water Resources V&A Study Third National Communication Biennial Update
Report Rapid Dr. Abdullah Noman

8.1.4 Stakeholder consultations
A number of meetings with some Decision Makers and stakeholders from related
ministries have been conducted. The main aim was to discuss the effect of the climate
change on water resources and the possibilities of mitigations ( see Annex). This is
aimed at answering questions such as:
What is the role of Public institutions in adaption with climate change? What are the
challenges that policy makers and climate change experts may need to overcome? Why
are stakeholder involvement and community engagement? What issues need to be
considered for maintaining technical measures? Why is evaluation necessary, and what
process should be followed?
Main outcome of the consultations that appeared to be of most concern to all
stakeholder groups are summarized as follows:
•
Mitigation with climate change requires coordination between governments, city
governments, public sector, non-government organizations (NGOs).
•
Engagement of the community at all stages of risk assessment through
implementation to evaluation will contribute to the success of measures and may
generate extra knowledge and resources, as will the utilization of measures that are
community-designed and implemented.
•
Implementing processes for adequate long-term Operations & Maintenance (O
& M) is a critical aspect of implementation.
•
A program of monitoring ensures that measures have the ability to perform to
the required standards and prevents failure, as well as provides learning for the future.
9.

Data Analysis

Any natural phenomena that produce a change in the pressure on groundwater will
cause a difference in the level of groundwater. Differences between supply and
withdrawal of groundwater caused the fluctuation attributed. Stream flow variations
related to many levels (levels) groundwater. Various other influences on groundwater
levels include meteorological phenomena and tidal (tide and guessing), urbanization,
earthquakes and external loads. Finally, lower the earth's surface that can happen
because of a change in the underlying conditions of the groundwater.
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Temporal changes in groundwater levels (long-term)
The rain is not considered accurate indicator of changes in groundwater levels. Recharge
is a factor ruler (assuming a fixed amount of drag) is dependent on the intensity of the
rain and the distribution and quantity of runoff. In the following figure shows the
occurrence of nutrition during periods of precipitation is rain ( see figure 12).

Figure 12: The relationship between runoff and Long-term changes in groundwater
levels in some monitoring wells in Wadi Zabid

The figure (12) above shows the drop in groundwater levels in tow monitoring wells, the
first well in the valley and the second highest in the region in the mid-valley. In the
upper curve observe groundwater level during the period from 1990 to 1999 in
fluctuation case of the groundwater level. The period after 1999 the GW level
continuous decline as a result of the intensity of the pumping of groundwater wells , In
addition to lack of flood waters and accumulation of groundwater storage deficit at
previous period
The other well that is located in the midstream where the groundwater level during the
period from 1990 to 1998 despite increase in floods during 1993 to 1995 , but GW level
continuous decline with little rise in 1994. In 1998 we have increase in GW level
despite decrease of flood water this may be because increase in rainfall at these period ,
but in 2001 the GW level decline continuously . The period after 2002 was GW level
decline gradually despite the availability of flood water. Expansion in drilling new wells
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and pumping increased plays role in groundwater levels declined, as well as changing
the crop pattern lead to increases groundwater depletion in some areas.
During the discussion with farmers about groundwater depletion issue, most of the
farmers' was their response that the groundwater level dropped compared to the
previous five years with 94%, but others their response was the same level.
Spatial changes in groundwater levels
Groundwater level in the wells varies on Wadi level, in upstream area the average of
GW level about 36 m, ranging lowest GW level is 16 m near the main stream and the
highest GW level 61m in areas far from main stream
The average of groundwater level for wells in midstream about 33 m, ranges between
18 m for the wells located near mainstream and 43 m in wells that far from the
mainstream.
In downstream area the average of GW level in wells near the mainstream about 72 m
ranging between 44 m for wells near the mainstream and 105 m for wells away from the
mainstream, as shown in the table 8.
Table 8: showing groundwater levels in Wadi Zabid areas
Category of
area

Mean

Minimum

Maximum

Upstream

35.79

16

61

Midstream

32.53

18

42.8

Downstream

71.54

43.8

105

10. Water balance
We have many inputs for water in Wadi Zabid floods average 118 MCM and rainfall
about 30 MCM. The total water extracted from the aquifer for irrigation about 290
MCM, and considering that 30% of this water extracted return to the reservoir in
infiltration process, the amount of the annual loss from the reservoir is 203 MCM plus
amount of water for domestic and industry use about 10 MCM as well as amount of
evapotranspiration about 45 MCM
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Water balance = inflow – outflow = ( floods + rainfall + infiltration ) – ( pumping +
requirements human + Eto )
Water balance = ( 118 + 30 + 87) – (290 +10 + 45 ) = -110 MCM
The annual deficit of the reservoir = -110 MCM
Through information and data illustrated, we can observed there is no excess amounts
from flood waters. Floods are allocated to irrigate agricultural areas barely enough for
irrigation. Also , groundwater recharge process, it is directly where the aquifer is in Wadi
Zabid is unconfined.
11. Modelling with WEAP
Current water demand and supply data and estimated future trends in water use,
obtained from a number of Yemeni and international data sources, were incorporated
into a scenario-driven water balance modelling platform - the Water Evaluation and
Planning (WEAP) software (Yates et al., 2005). WEAP was used for each case study to
analyze water availability for a number of adaptation and climate scenarios, including a
reference scenario (herein referred to as ‘Reference’) that projected existing trends in
water supply and demand into the future (2033) in the absence of adaptation options. In
the Reference scenario , the climate sequence for future years was developed by
repeating the sequence of available historical data and assuming a similar periodicity into
the future period (2008-2033).
In addition, two different climate change scenarios incorporated changes in precipitation
and temperature through 2032, as predicted by the Oregon State University model (OSU
Core) and U.K. Meteorological Office High Resolution General Circulation model (UKHI),
developed during the Netherlands Climate Change Studies Assistance Program (NCCSAP :
1996-2000). The OSU Core model represented an ‘expected’ climate trajectory, whereas
the UKHI model represented a ‘worst case’, drier trajectory.
11.1 WEAP Model development
Schematic:
This view contains GIS-based tools for easy configuration of your system. Objects
(e.g., demand nodes, reservoirs) can be created and positioned within the system by
dragging and dropping items from a menu. ArcView or other standard GIS vector or
raster files can be added as background layers. You can quickly access data and
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results for any node by clicking on the object of interest. The schematic diagram for
the wadi Zabid is shown in Figure 13.

Figure 13. WEAP schematic diagram for the wadi Zabid Catchment.

Hydrological Modeling
WEAP supports the use of three hydrologic modeling methods: the Rainfall Runoff
method FAO (Food and Agriculture Organization of the United Nations), the Water
Requirement FAO approach, and the Rainfall Runoff Soil moisture method. The
Rainfall Runoff Soil moisture method was chosen because it offers the most
comprehensive analysis by allowing for the characterization of land use and/or soil
type impacts to the hydrological processes (Sieber, 2005). The Soil moisture method
is a one-dimensional two-soil-layer algorithm for calculating evapotranspiration,
surface runoff, sub-surface runoff and deep percolation for a defined land area unit.
A conceptual diagram of the equations incorporated into the Soil moisture method
water balance calculations.

12. Climate input base line parameters
The historical average annual rainfall in the upper catchment (Figure 14) during the
previous twenty three years is not uniform and decreases with time which may
attribute to climate change. For the adopted simulation period (2013-2033) for
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Reference Scenario, a possible future rainfall sequence was determined using the
Water Year method using this historical data. Characteristic water year statistics for
very wet, wet, normal, dry, and very dry were determined from the 90th, 75th, 50th,
25th, and 10th percentile flows in this dataset. The ratio of each characteristic flow
relative to a normal flow obtained values of 1.34, 1.26, 0.81, and 0.66 for very wet,
wet, dry, and very dry years (1.0 being normal). For local precipitation in each subcatchment, the average monthly values were taken from the relevant rainfall stations
recorded by Tihama Development Authority (TDA) for the period 1984-2007. Two
climate change scenarios were also used, the UKHI dry weather and OSU Core which
downscaled to local condition in the study area either the mountainous or the coastal
region.
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Figure14: Average annual rainfall of all stations in Upper Catchment (mountainous
region)

13. Climate forecast
Climate impact modelling necessarily requires climate input. Providing with a set of assumptions
in this field is the object here. It is based on the current understanding of climate evolution in
Yemen. These types of exercises tend to get quite technical, and a few sources are available for
Yemen.
Purely about climate and in general terms, one can sum up his main findings in the following
statements.
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An increase in the mean temperature is the clearest identifiable trend, though its
magnitude is open to discussion;
The increase in temperature is more apparent with high elevations - since the 60’s; the
pattern linking temperature with altitude is well consistent - some 0.5°C / 100m;
The annual and seasonal rainfall are more difficult to analyse;
The decrease in rainfall quite consistent since 60’s but in Aden where it is slightly
increasing;
The number of rainy days increases with elevation;
There is a West-East decline of wet days throughout the country.

The core set of assumptions used here builds on results from the weather generators were used
in HR Walingford and that the UNDP, through a program with the University of Oxford, has
made available climate country profiles, including for Yemen. The essentials elements of the
projections are summed up below:
General trend



The mean annual temperature is projected to increase by 1.2 to 3.3°C by the 2060s.
The projected rate of warming is similar in all seasons, but is more rapid in the interior
regions than areas close to the coast.
 Projections of mean annual rainfall from different models in the ensemble suggest a
wide range of both positive and negative changes in rainfall, annually, for Yemen. There
is, however, broad consistency between models in projecting increases in September,
October and November (SON) rainfalls.
Extremes


All projections indicate substantial increases in the frequency of days and nights that are
considered ‘hot’ in current climate.
 All projections indicate decreases in the frequency of days and nights that are
considered ‘cold’ in current climate.
 The proportion of total rainfall that falls in ‘heavy’ events and the maximum 1- and
5-day events all show increases in SON in most model projections. There is little
consistency between models in the direction of change in the other seasons.
o The proportion of total rainfall that falls in heavy events in SON is projected to
change by -21% to +23% by the 2090s.
o The maximum 1- and 5-day events in SON are projected to change by -6 to
+19mm, and -13 to +37mm, respectively, by the 2090s.
The more detailed information contained in this analysis is broken down along several
components:



Along time, within a given year (4 trimesters) and throughout the years with changes in
the 2030’s, the 2060’s and the 2090’s;
Along emissions scenarios - either A2, A1B or B1. For the record, and even though
formally the IPCC does not give any likeliness between scenarios (probabilities), the
39

Draft Final Report: Water Resources V&A Study Third National Communication Biennial Update
Report Rapid Dr. Abdullah Noman

scenario A2 is widely recognized as being the more probable as of now. It is among the
three proposed the most conservative towards climate change in the sense that it is the
one with the highest increase in temperature.
 Along climate variables; they can be classified into two groups, either of general trend
(temperature change, precipitation change per month) or extremes (frequency of hot /
cold days / nights, maximum 1 or 5 days rainfall, % of total rainfall falling in heavy
events).
 Along key points of distributions: min, median and max are provided. These will be key
assets to fit the probability distributions.
 Along space: a grid of 25 squares partitions Yemen and allows distinguishing variations
depending on the location for certain variables.
This kind of information is sometimes conveniently represented graphically, as below for
example (see figure 15):

Figure 15: Annual temperature projection for 3 climate scenarios with uncertainties
(UNDP)
Unfortunately none of the extreme variables are available for the 2030 horizon. This is
particularly penalizing, since in any further analysis, costs and benefits would be discounted and
even with a relatively low rate, losing the first 20 or 30 years is really missing most of the
contribution to a discounted indicator. That particular fact is worth noticing for it jeopardizes
from a systematic approach in this field (extremes). The direct implication is that those are
managed with more uncertainty and from the perspective of the particular site under scrutiny.
To explore the possible impact of climate change in the basin, two additional climate scenarios
were formulated to compare to the Reference scenario, in which precipitation and temperature
trajectories are based solely on historical data. To develop the two additional climate scenarios,
we used outputs from downscaled Global Climate Models for the Mountain region of Yemen
documented in “Yemen Initial National Communication under United Nation Framework
Convention of Climate Change” (Table 9). One scenario, based on the OSU Core model output is
included as an ‘expected’ climate trajectory, and predicts a 5% increase in precipitation and an
average increase in temperature of 1.8oC for the Mountain region of Yemen by the year of
2050. To achieve these trajectories, the monthly precipitation and temperature sequences
developed for the Reference scenario were modified by applying an annualized growth factor to
obtain the target change.
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Table 9: Mountain region change in temperature and precipitation by 2050.
Region
Mountain
Coast

OSU Core
Precipitation
Temperature
+5%
+1.6 to 1.8 °C
+5% to 15%
+1.6 to 1.8 °C

UKHI Dry
Precipitation
Temperature
-37% to -9%
+2.0 to 2.2 °C
-23% to -9%
+2.0 to 2.2 °C

To explore the impact of a possible ‘worst case’ drier climate trajectory, the UKHI climate
prediction for the region was used. This scenario predicts an average decrease in precipitation of
23% and a 2.1 °C increase in temperature for the region by 2050.

Two climate change scenarios were also used in this study, the UKHI dry weather and OSU Core
which downscaled to local condition in the study area either the mountainous or the coastal
region. The UKHI scenario assume 23% decrease in rainfall in the mountainous area and 27%
decrease in rainfall in coastal area by the end of simulation period (2033). The OSU Core
scenario assumes increase in rainfall of 5% in the mountainous area and 9% in coastal area by
the end of simulation period.

14. Model calibration and results
The result of the base condition is compared with the observed (or reported) values then for
verification the model is calibrated. Table3 shows the calibration result where the model result
is very close to the observed values especially at coastal catchment except for sub-surface flow
which is assumed (Adnan Muharram, 2002; Van der Gun, and Aziz, 1995) to undergo to the Red
Sea. In The Model all the excess surface water infiltrates to the quaternary aquifer which even
could not cope with annual decrease in water storage (Figure 16 and Figure 17) which is about
288.62 MCM/year (0.23m annual drop) and thus the existing storage will be depleted within 93
years during the Reference Scenario and within 70 years during the UKHI Scenario (0.26m
annual drop). In recent time due to overexploitation from some places of western area, the
groundwater flow direction in these areas changed from all directions to the center of cone of
depletion and seawater intrusion hazard became more serious, where about 5000 borehole are
in the coastal area (NWRA, 2010). The conclusion is that groundwater flow pattern evidently
related with the aquifer deposits types and with the total abstraction from the aquifer (NWRA,
2008). For the mountainous region the Model surface flow result is very close to the observed
values while the groundwater abstraction and recharge result is respectively about 21 and 12%
more than the estimated values by Adnan Muharram (2002) and Van der Gun and Wesseling
(1991) which are based on water balance method but not on real measurements. Data that
could be used to determine the recharge from precipitation is not available for the upper Wadi
Zabid catchment.
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Figure16. Groundwater storage in the Quaternary aquifer under climate scenarios
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Figure 17. Groundwater storage in the Mesozoic and shallow aquifers under climate
scenarios
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15. Scenario development and Results
Three scenarios were introduced to improve the irrigation efficiency during the Reference and
UKHI dry weather scenarios. The scenarios are:
• Using new irrigation systems (drip irrigation)
• Using closed conduits
• Rehabilitation of traditional irrigation channels
• Changing crop pattern

Generally, it can be seen in Figure 18 that when these strategies are applied to all catchments
during the Reference Scenario the most effective strategy is drip irrigation followed by closed
conduits then traditional irrigation channels. For drip irrigation technique and in terms of
storage improvement percentage, it is about 6.3% for the coastal aquifer and 4.4% for the
mountainous aquifers followed by closed conduits with half of those values then Rehabilitation
of Irrigation channels with third of those values. Changing crop pattern has very limited effect
where in terms of storage improvement percentage it is only 1.4% for the Quaternary aquifer
and 0.1% for the Mesozoic and Shallow aquifers.
This sequence of strategies is also evident in Figures 19 and 20 when they are applied under the
UKHI dry weather scenario but with less effect. The drip irrigation technique is very effective in
improving the storage capacity of the Quaternary aquifer in the coastal area (Figure 8) but less
effective for the Mesozoic and Shallow aquifers in the mountainous area. This is because the
agriculture sub-catchments in the coastal area are very dependent on groundwater than rainfall
or surface water, while the reverse happens in the mountainous agriculture sub-catchments.
Thus, during the UKHI dry weather scenario some other strategies should be applied instead in
the mountainous region such as construction of storage facilities (dams, cisterns etc.) to capture
the runoff.
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Figure 18: Strategies effect on all aquifers storage during the Reference Scenario
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Figure 19: Strategies effect on the Quaternary aquifer storage during the UKHI Scenario
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Figure 20: Strategies effect on Mesozoic and Shallow aquifers' storage during the UKHI
Scenario

15.1 Adaptation strategies prioritization based on stakeholder criteria weighting
Meetings were conducted with ten stakeholders and decision makers in the case study area to
evaluate the suggested strategies in terms of the following:
a.

Capital cost (implementation cost)

It includes cost of infrastructure implementation (building, instruments, rehabilitation, further
treatment, conducting training or awareness campaigns etc.)
b.

Maintenance cost

Cost to maintain infrastructure in a good condition to insure sustainability
c.

Quantity of water saving

The quantity of water can be offered by an adapted strategy
d.

Sustainability

The infrastructure life time of an adapted strategy with a proper maintenance.
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e.

Knowledge to implement and maintain

Eligibility of a stakeholder to implement and maintain a strategy
f.

Preservation of local practice and lifestyle

To which extent an adapted strategy, compared to another, can insure that a stakeholder will
continue his existing way of living without shifting to another job.

A structured questionnaire was prepared addressing the adopted strategies and their evaluation
criteria (Annex A). First, the purpose, the structure of the questionnaire and the adapted
strategies were explained to the stakeholders associated with the WEAP application criteria
results of water quantity saved and number of years each strategy can cope with demand. After
discussion with the stakeholders the information provided were filled into the questionnaire, in
addition to any provided remarks, complains and reservations. This information were analyzed
with changing the qualitative information into qualitative values and then input into the MCAWEAP for determining preferences and prioritization for adaptation strategies.

Based on analysis of the collected data on water vulnerability and socioeconomics in the case
study area and the stakeholder consultation findings several adaptation strategies which
address water scarcity in the case study area were identified. A WEAP application for the study
area was then developed based on the collected data such as, water use sectors and
consumption (domestic and agriculture), available conventional and unconventional water
resources (ground water, surface water, wastewater), land use, future projection of (population,
agriculture area) climate parameters (rainfall, temperature, humidity, wind etc.) and climate
change trend.
The results of the WEAP application in terms of water saving as evaluating criterion are arranged
in respected manner as follows:
•

Increase irrigation efficiency

•

Rehabilitation of traditional water harvesting systems

•

Changing crop pattern of the high water consumed crops

From the previous result it can be seen that each strategy could be adopted to alleviate water
scarcity but in terms of affordability the situation certainly will be different. Therefore, the
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stakeholder consultation is one of the main activities which are needed in order to discuss their
concerns regarding issues of water scarcity in the study area and suggested strategies.

16. Proposals measures and cost effective flood mitigation options in Wadi Zabid
16.1 Wadi Training and Bank Protection Works
Wadi training is the stabilization of the channel in order to maintain the desired cross section
and alignment. In general, the objectives of wadi training and bank protection works may be
summarized as:
• To increase the safety against flooding by accommodating the flood flow
• To improve the efficiency of the sediment transport
• To minimize bank erosion by stabilizing the course of flow
• To direct the flow to a desired river stretch
Channel migration may occur naturally or as a result of human activity, and may be associated
with any of the causes that give rise to degradation and aggradations. Migration of the entire
river channel as part of the process of meander progression, or movement of the deep-water
channel within the same overall channel banks, can affect the scour exposure of a bridge or
other structure whose foundations may have been fixed in relation to an earlier channel
position. In some cases, migration may occur rapidly in response to a particular flood event, but
in other cases it may be gradual. In a braided channel, the channel positions are continuously
changing.
Whether a channel is straight or meandering depends on both whether there are hard features
(natural or artificial) to control the channel alignment and whether the natural ground slope is
steeper than the morphologically stable river slope. If the ground is too steep then the river
channel may meander in order to achieve a stable slope. If the channel is meandering then it is
normal for the meanders to move as shown in the Figure 21.
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Outside of bend
will move
downstream

Erosion at outside of
bends, deposition on
inside of bends

There is a spiral
circulation within
the overall flow

Figure 21: Typical meandering channel (TDA, 2008)

Active protection uses components such as spur dikes which project into the flow and change
the overall flow pattern. Passive protection is often called revetment. It is constructed along the
face of the bank and may be formed of materials such as gabion mattresses, concrete blocks,
stone rip-rap or stone pitching ( see Figure 22. )
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Figure 22: Examples of spur types (source, TDA,2008)

Gabions are wire mesh containers filled with stone (Figure 23). The flexibility of the mesh allows
the containers to deform to the bed profile, while preventing the stone contained within from
either shifting to expose the bed or from being removed from the revetment. Enclosing the
stone within the mesh allows smaller sized stone to be used. Research comparing gabions with
riprap also shows that a thinner revetment layer can be used. Thicknesses between one and two
thirds of those required for riprap have been found from research. The mesh in gabions is
usually fabricated from steel wire.
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Stepped end reduces
impact on high floods
but still protects the
bank

Spur keyed into bank to
avoid outflanking
behind spur
Apron to protect
against scour

Figure 23: Generous scour protection at head of spur (source, DTA, 2008)
17. Constraints and Gaps for Vulnerability Assessment
Several major constraints and gaps were identified during preparation of this
study on the vulnerability assessment. The most persisting one is a problem of
data availability, consistency, and transparency. Existing monitoring stations in
climate and groundwater conducted by the Meteorological agency and HydroService in the country are facing permanent problems in organization and
dissemination of data, especially when dealing with the meteorological agency of
the country, the only agency that has the ability and capacity to update
government units and concerned agencies with climate data, free of charge or
with little charge. In addition, some other problems exist, for example, slow
modernization of equipments and limitation of monitoring network stations, etc.
Therefore, improvement of the hydrological monitoring stations (for surface and
especially for groundwater) including stations for monitoring the water quality,
improvement of the data processing, implementation of the predictive models in
real time and modernization of the equipment (in the field, in laboratory,
software, and hardware) are of the highest importance in the near future.
Soil monitoring does not exist in the country, as well as real groundwater
monitoring through observation and peizometric wells. Basic maps and databases
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are limited, and the existing ones are quite old and some are unavailable
(vegetation maps, land-use map, etc.). There is a need for increasing the technical
capacities for monitoring and updating of basic data sets. Modern tools for
vulnerability assessment are needed almost in all vulnerable sectors (hardware,
software, and training of personnel).
Determination of the climate system components should be established by setting
of a new and modern climate observing system which would be established over
the whole territory of the Yemen Republic, that is, in all climatic areas, as well as
by all climate parameters. It means that an automated climate observing system
should be established by which the following climate system components would
be performed in every moment and their changes: daily, ten-day period, monthly,
seasonal, annual, and many-year period in all climatic areas in Yemen Republic.
Establishment of an automated climate observing system in Yemen, as well as in
other countries is necessary because of the following aspects:
1. Measurements and observations should be performed in a unique and
non-subjective way;
2. Investigation of data homogeneity should be performed as well as testing
of the quality of obtained information;
3. Information should be delivered to the Climate Change Unit Department in
the Ministry of water and Environment or other established national
climate centers, daily by special climate telecommunication units or by
Internet communications tools;
4. The way of data processing should be performed by unique methodology
of processing;
5. Results of the measurements should be delivered to the public precisely,
and they should be comparable with other average climate data which
are available at each meteorological station in all climatic areas in the
Republic of Yemen;
6. Information should be accessible to the public by internet and its exchange
should be also performed for the necessity of other users and media.

18. Conclusion and recommendations
The study area has special social and economical importance because it includes
major agricultural activities which support many cities beyond local borders with
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verity of crops. By analyzing current and future water resources vulnerability due to
climate change and driving various water demand sectors it can be concluded that:
•

•

•

•

•
•
•

•

•

The area generally suffers from escalating pressures due to the high
consumption of water by agriculture in order to cope with increase demand by
the population increase in crops demanding cities.
The dominant water consumption in the coastal area is agriculture which
consumes 95% of the abstracted ground water and only 5% for municipal use.
Up to date there is more than 7000 borehole in the coastal area alone which
eventfully leads to overexploitation of groundwater unless some strategies to
stabilize water supply and demand patterns are introduced.
At the present time, annual withdrawals from the Quaternary aquifer exceed
renewable resources where the annual drop in water depth reaches 0.3m and
will likely to continue into the future in the absence of a vigorous policy
intervention.
In the mountainous region it seems that groundwater is nearly stable due to
higher rainfall compared with coastal area which leads the people to rely more
on rainfall as main source for agriculture and groundwater as a supplementary
source where 66% of abstracted water is used for agriculture and 33% for
domestic purposes.
The climate variability and climate change is less influential than current and
predicted patterns of agricultural and household water consumption.
The choice of adaptation strategy depends on the influencing conditions of the
particular case study region, including both physical and stakeholder inputs.
For the coastal area the implementation of drip irrigation was identified as the
best strategy in terms of water savings and application of water on farmlands
followed by conveying irrigation water through closed conduits. As the majority
of farmers are poor and barely coping with existing living costs, subsidization or
donor support would be needed for implementation.
For the mountainous region, improved efficiencies through drip irrigation and
improved water distribution systems will have demonstrable effects when
combined with other supporting adaptation initiatives such as water
harvesting/diverting structures (e.g. dams, cisterns etc.).
Farmers along the wadi reaches identified improving indigenous methods (e.g.
Rehabilitation of traditional irrigation channels) for wadi flow use as the highest
priority initiative. The farming communities along this wadi are well aware of the
need to harvest wadi storm flows.
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•

Climate change risks are evaluated against other non-climate risks operating
over the same time frames.

•

As any traditional spate water rights, many people still satisfy with the current
rules, so they are recommended to eliminate or mitigate all changes that
affected to these rule.

•

People suggested to enhance the water rights in the upstream areas such as
farmers upstream use the spate for irrigation only once, thereafter letting it pass
to the next farm and so on until it reaches the last beneficiary; who that is will
depend on the amount of spate. The second spate would then begin from the
farmer after the last one to receive the previous spate, and so on.

•

Forming a committee consisting of mixture of user organization and local
government recommended to be established to study the situation and find best
enhancement to the current water distribution rules.

•

Distributive justice and law enforcement, and regulating well drilling.

•

Supporting farmers with modern irrigation systems.

•

Stop the building of harvesting dams in the catchment areas of the wadis and
regulate the construction of dams and management of the water in constructed
dams. As well as choosing more suitable locations for water constructions.

•

Reduce the area planted with bananas by cultivating alternative crops which
require less water.

•

Raise awareness about the water scarcity and the importance of water
conservation.

•

Maintaining the status quo, but making sure that the regulations already in place
are adhered to, and the law implemented.
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Annexes
Annex A

Questionnaires

SECTION (A): GENERAL INFORMATION
1.

Name of the Respondent: --------------------------------------------

2.

Name of the Enumerator: --------------------------------------------

3.

Date of the Interview: -------------------------------------------------

4.

Name of Respondent’s Village / District: ------------------------------

Please tick one answer for each of the following section (A) question.
5.

Age of Respondent:

18-25 years
26-35 years
36-45 years
46-55 years
56 and above

6.

Gender:

Male
Female
No schooling

7.

Level of Education:

Primary
Secondary Certificate
Graduate / University
Post Graduate
Govt. servant
Private servant
School teacher
Handcraft maker
Un-employed
Seasonal worker
Housewife
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8.

Occupation:

Others, specify

SECTION (B): TOPOGRAPIC POSITION
Location: -------------------------------------------------------------------------------Coordinates: Longitude--------------------- Latitude---------------------------------Elevation: ---------------m.a.

Physiographic unit:

Landform:

a.

Upper part

b.

Higher part

c.

Middle part

d.

Lower part

a.

Mountain

b.

Intermountain plain

c.

Plateau

d.

Pediment

e.

Wadi

a.

Flat

b.

Almost flat

c.

Undulating

d.

Rolling

Topography:

Remarks: -------------------------------------------------------------------------------------------

SECTION (C): LAND USE

Objective: To assess current land use with respect to land management
Research Question: What is the current land uses that impact land management?
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a.

What type of farming system you follow?

Rainfed farming

b. Irrigated farming

c. Mixed

What is the total surface area of farmland of your land?
a. Less than 0.25 ha
b. Between 0.25-0.5 ha
c.

Between 0.5-1.0 ha

d. Between 1.0-5.0 ha

Please indicate the type of agriculture business you are in. Tick all farms with which you are involved.
a. Arable (Cereals)
b. Fruit
c. Horticulture
d. Dairy
e. Sheep
f. Goats
g. Beef cattle
h. Poultry
i. Beekeeping
j. Qat
k. Other (specify)

SECTION (D): SUSTAINABILITY AND LAND RESOURCE MANAGEMENT

Objective: To assess land management practices with respect to land conservation.
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Research Question: What are the land management practices helpful for land conservation?
Please For each question, check YES or NO as appropriate.
Are proper soil conservation practices installed above the planting area?
Yes

No

Will you want to provide wildlife cover?

Yes

No

Do you rebuild your terraces stonewalls directly when collapsed?

Yes

No

Do you apply crop rotation?

Yes

No

Are terraces or strip-cropping needed for steeper slopes?

Yes

No

Are
field
borders
needed
to control sheet and rill erosion?

to

replace

end

rows

in

the

contouring
system
Yes
No

Do you ensure formulation of a proper maintenance plan for the terraces?
Yes

No

Yes

No

Yes

No

Does the Protection of roadsides take place by planting of vegetation?

Do you consider the Proper design of drainage canals and culverts?
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Do you think that the Protection of the outlet of drainage canals and culverts to avoid gully forming
downstream of the canal or culvert?
Yes
No
Will
other
conservation
prevent sedimentation?

practices

be

used

in

conjunction

with

terraces

Yes

No

Will herbicide carryover be a problem?

Yes

No

Did you consider pest control alternatives?

Yes

No

Did you use records of crops and pest control for reference?

Yes

No

Did you rotate crops to reduce the chance of pest problems?

Yes

No

to

Please indicate your view in ranking the following activities/programs/projects that might explain the
prevailing socio-economic impact of the local community.

High priority

a)

Moderate
priority

Low
priority

Very low
priority

Sustainable Development

b) Poverty eradication
c)

Management of natural resources

d) Waste and pollution management
e)

Water management

f)

Biodiversity conservation

g)

Prevention of land degradation

h) Use of renewable energy

Please indicate your view in ranking the main challenges you face in terms of land resource management.
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Very high
challenge

High
challenge

Moderate
challenge

low challenge

Soil erosion
Flood disaster
Lose of vegetation cover
Collapse of terraces walls
Rainfall shortage
Biodiversity conservation
Extending urbanization
Poverty spreading

How would you rate the service/advice (if any) provide by concerned institutions on land resource
management challenges & sustainable development? (Check which is appropriate)

Agency

Rating
Poor

a)

Ministry of Agriculture & Irrigation (through
regional office)

Adequate

Explain what needs to improve
Good

---------------------------------

b) Ministry of Water & Environment (through
regional office)

---------------------------------

c)

---------------------------------

Agricultural Research and Extension Authority

d) Environmental Protection Authority

---------------------------------

e)

Regional Rural Development Project

---------------------------------

f)

Local councils

---------------------------------

g)

NGOs

---------------------------------

h) CBOs

---------------------------------

i)

---------------------------------

Private Sector
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In your opinion, what are the most important factors contribute to degradation of agricultural
terraces? Please use the scale as 1 is “Very unimportant” and 4 is “Very important”

Very
unimportant
1
a)

Very
important
2

3

Please explain

4

Run-off

---------------------------------

b) Road construction

---------------------------------

c)

---------------------------------

Deforestation

d) Poverty

---------------------------------

e)

---------------------------------

Immigration

Please prioritize your needs with respect to terraces rehabilitation? Please use the scale as 1 is “Low
priority” and 4 is “High priority”

Low
priority
1
a)

High
priority
2

3

Extension services

Please explain

4
--------------------------------

b) Trainings

--------------------------------

c)

--------------------------------

Availability of materials

d) Credits

--------------------------------

e)

--------------------------------

Financial aids

Has the national projects achieved your goals? Please indicate your view using the scale as 1 is “To
very low extent” and 4 is to “Very high extent”.
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V. Low

High

extent

extent

1

2

a) Economically goals

3

Please explain

4
-----------------------------------

1. Income improved

-----------------------------------

2. Employment improved

-----------------------------------

b) Environmental goals

-----------------------------------

3. Land maintained

-----------------------------------

4. Biodiversity maintained

-----------------------------------

c) Social goals

-----------------------------------

5. Immigration decreased

-----------------------------------

6. Women empowered

-----------------------------------

SECTION (E): CLIMATE CHANGE
Do you know about climate change? ﻫﻝ ﺗﻌﺭﻑ ﻋﻥ ﺗﻐﻳﺭ ﺍﻟﻣﻧﺎﺥ ؟
Yes

No

Not much

Do you think that people are the main cause of climate change? ﻫﻝ ﺗﻌﺗﻘﺩ ﺃﻥ ﺍﻟﻧﺎﺱ ﻫﻡ ﺍﻟﺳﺑﺏ ﺍﻟﺭﺋﻳﺳﻲ ﻟﺗﻐﻳﺭ ﺍﻟﻣﻧﺎﺥ ؟
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Yes

No

Don't know

Climate change causes change in land use, is that right?  ﻫﻝ ﻫﺫﺍ ﺻﺣﻳﺢ ؟,ﺗﻐﻳﺭ ﺍﻟﻣﻧﺎﺥ ﻳﺳﺑﺏ ﺗﻐﻳﺭ ﺍﺳﺗﺧﺩﺍﻡ ﺍﻷﺭﺍﺿﻲ
Yes

No

Don't know

Are you interested in the issue of global climate change and it's research? ﻫﻝ ﺃﻧﺕ ﻣﻬﺗﻡ ﺑﻘﺿﻳﺔ ﺗﻐﻳﺭ ﺍﻟﻣﻧﺎﺥ ﺍﻟﻌﺎﻟﻣﻲ ﻭﺃﺑﺣﺎﺛﻬﺎ ؟
Yes

No

Don't care

Do you have concerns of global climate change? ﻫﻝ ﻟﺩﻳﻙ ﻣﺧﺎﻭﻑ ﻣﻥ ﺗﻐﻳﺭ ﺍﻟﻣﻧﺎﺥ ﺍﻟﻌﺎﻟﻣﻲ ؟
Yes

No

Not much

Do you think that people are able to do a big change to reduce this problem? ﻫﻝ ﺗﻅﻥ ﺃﻥ ﺍﻟﻧﺎﺱ ﻗﺎﺩﺭﻳﻥ ﻋﻠﻰ ﻋﻣﻝ ﺗﻐﻳﻳﺭ ﻛﺑﻳﺭ
ﻟﻠﺣﺩ ﻣﻥ ﻫﺫﻩ ﺍﻟﻣﺷﻛﻠﺔ ؟
Yes

No

Maybe

Have you ever tried to know what the solutions proposed to solve this problem? ﻫﻝ ﺣﺎﻭﻟﺕ ﺃﻥ ﺗﻌﻠﻡ ﻣﺎﻫﻲ ﺍﻟﺣﻠﻭﻝ ﺍﻟﻣﻣﻛﻧﺔ ﻟﻠﺣﺩ
ﻣﻥ ﻫﺫﻩ ﺍﻟﻣﺷﻛﻠﺔ ؟
Yes

No

Don't care

Are you really applying these solutions in your life to reduce this global problem? ﻫﻝ ﺃﻧﺕ ﺗﻁﺑﻖ ﻓﻌﻼ ﻫﺫﻩ ﺍﻟﺣﻠﻭﻝ ﻓﻲ ﺣﻳﺎﺗﻙ
ﻟﻠﺗﻘﻠﻳﻝ ﻣﻥ ﻫﺫﻩ ﺍﻟﻣﺷﻛﻠﺔ ﺍﻟﻌﺎﻟﻣﻳﺔ ؟
Yes

No

Sometimes

Climate variability signals in the area observations by land users during the last 10/20 years and
their expectation for the future.

Gradual changes

Low

Temperature

1
Winter Temperature
Spring Temperature
Summer Temperature
Autumn Temperature

Precipitation
Winter rainfall
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2

3

V. High
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Spring rainfall
Summer rainfall
Autumn rainfall
Extreme events
heavy rainfall events
Hazard floods
heavy hail events
heavy snow events
heavy windstorms
heavy dust storms
droughts/dry spells
heat waves/warm spells
cold spells
Decreasing length of growing period
Increasing length of growing period
Landslides, mudslides
Avalanches
Forest
Pest & diseases

Which changes in water resources do you think have been take place in your area as a
consequence of climate change within the last 10/20 years?

a.

Increase in precipitation (rain and hills)

b.

Decrease in precipitation (rain and hills)

c.

Increase in runoff water
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d.

Decrease in runoff water

e.

Increase in groundwater recharge

f.

Decrease in groundwater recharge

g.

Declining groundwater quality

h.

Declining surface water quality

i.

Increase in flood frequency

j.

Decrease in flood frequency

k.

Increase in drought frequency

l.

Decrease in drought frequency
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