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INTEGRATED WATER RESOURCES MANAGEMENT (IWRM)
UNDER CRISES AND EMERGENCY CONDITIONS, IRBID
GOVERNORATE AS A CASE STUDY
By
Heba Ahmed Ababneh
Supervisor
Dr. Khaldoun Shatanawi
ABSTRACT
This study presents the preparation ofIWRM under crisis and emergency conditions,
taking Irbid governorate as a case study.
The study included the identification of Irbid governorate in terms of the socioeconomic and natural conditions, institution and organization of water sector, resources
and facilities of water and sanitation.
Five categories of emergency and crisis conditions were identified; the natural,political
and external, economic, socio-economic, administrational, operational and awareness
conditions.
The effects of these conditions on IWRM components (managing the water at the
resource level, optimizing the supply, managing the demand, providing equitable
access, establishing policy, inter-sectoral approach) were discussed.
A water evaluation and planning system (WEAP) model was used to develop of four
scenarios for supply requirementsfor Irbid governorate for the period (2016-2025).
Coordination and planning participatory tool at communal level was developed, to
enhance the stakeholders engagement.
The results showed that the efficiency of the supply system is the highest when applying
the fourth scenario, which includesreducing the water losses by 25%, and implementing
better water demand management measures to reduce the demand by 25%.It means that
for the same demand value in all scenarios, the supply requirements at the fourth
scenario were the lesser, and the gap between supply-demand was the shortest, which is
the closest to the water balance.
The results also showed that the effect of reducing the demand by 25% without
reducing the existed water losses is more efficient than reducing water losses by 25%
without implementing better water demand management measures.
Keywords: Irbid, Demand, Management, Supply, Sustainability,Water, WEAP.
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CHAPTER ONE
1. Introduction
1.1. Background
Currently over 7.4 billion of living humans are sharing the available resources of the
earth -equitably and inequitably- for different causes, in varying rates of usages (World
Population, 2016).

The interactive movement of the needs-based demand and the available supply is
shaping the simple concept of the water management. This concept was existed since
the early ages in different approaches suited the conditions of the existed development
at each time.

The water management witnessed a series of historical transformations accompanied by
significant developments in social organization, and emerging of various types of
adapted techniques and activities (Hassan, 2011). The results of the historical
transformations affected the supply-demand equation and the water management
process.

Along the life time, individuals and groups appeared and indicated to consider the
sustainability of the resources in life activities. These activists were scientists,
researchers, politicians, decision makers, environmentalist, religion and influential
leaders, organizations, and institutions. A simple clear example when Prophet
Mohammed (Peace be upon him) stated a rule and directed his companions and
followers not to waste water even if they were at a flowing river.
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The movement of development and raising awareness on water management approaches
leaded to addressing the concept of Integrated Water Resources Management (IWRM).
This concept is considering the social, economic and environmental influences of any
activity in different levels, interventions and scales in addition to the sustainability of
the resources.

Many countries in the world have limited water resources, and lacking the availability
of alternative resources to provide the required water supply services. Among these
scarcest countries is Jordan, which is facing a chronic water stress and has tight
financial abilities for providing the alternatives, (Reig et al., 2013).

Notable efforts were made in the field of water management and governance, but
different conditions were affecting the management process from time to time. Those
conditions threatened the sustainability of the resources, affected the quality of the
provided services, increased the pressure on the supply systems, and pushed toward
water crises.

According to the World Health Organization (WHO) "Water situation in Jordan is
expected to become worsen within the coming decades due to the population growth
and climate change effects".

The different conditions which affect the water management in Jordan can be
addressed as following:
1- Natural conditions such as the limited resources, and natural population growth,
(Al-Halaseh and Ammary, 2006). These conditions have a direct effect to the
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supply-demand equation, as they affect the design parameters for water supply
systems or sanitary services and facilities.
2- Political and external causes which push influxes of refugees and returnees to
the country. (Al-Halaseh and Ammary, 2006).
3- Socio-economic conditions which include the rural to urban migration and trend
to modernizing the life style (Al-Halaseh and Ammary, 2006).
4- Economic conditions such as insufficient financial allocations and funds to
complete mega projects related to water and wastewater systems, or even to
sustain the provision of the service.
5- Administrational and awareness conditions.

Great efforts and comprehensive plans are needed to control and manage the supplydemand efficiently and effectively, in order to cope with the impact of this type of
conditions.

Any country in the world is subjected to face any of these conditions, which affect the
development plans and water management strategies.

The aim of this research is to present a plan for integrated water resources management
under crisis and emergency conditions for Irbid governorate.

1.2. Problem statement
The sensitivity of water resources to the natural, demographic, social, economic, and
political changes affects the planning and management process.
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During the last years different conditions affected the water situation in Jordan. An
adaptation to the IWRM concept is included in the recent national water strategy. It is
necessary to identify the effects of the emergency and crises conditions on IWRM. The
implementation plan for integrating this approach under these conditions is missing.

The emergency and crisis conditions were not discussed previously in terms of their
effect on integrated water resources management components in Irbid governorate.

1.3. Objectives of the study
Objectives are to:


Identify the crisis and emergency conditions and their effects on integrated water
management principles in Jordan.



Identify and develop a WEAP model, connecting the sustainable development with
the water management in emergencies. In addition to develop a new participatory
tool for implementation the integrated approach at communal level.



Prepare an integrated water management plan for Irbid governorate considering the
effects of the emergencies and crises. The plan includes a water security plan and
best management practices.

1.4. Significance of the study
Nowadays, the development of water engineering is reaching limitless capabilities, and
Jordan is striving to keep progressing in enhancing the water management and
governance, while facing the influences and effects of existing emergencies or impacts
of previous crises. One example is the effect of the Syrian crises where Jordan is
hosting more than 1,400,000 Syrians, most of them residing in the northern part of
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Jordan, (MOPIC and UN,2015). As per the World Bank (2014): "Jordan faces
daunting short-term challenges due to the Syrian conflict and the crisis in Iraq".
Integrated water resources management is an approach for sustainability. The
integrated approach in water management was mentioned in the national water
strategy.

This research is a try to identify and prepare plan for implementing the Integrated Water
Resources Management (IWRM) at Irbid governorate level, considering the effects of
the crisis and emergency conditions. It describes the main conditions affecting water
management and discusses the effects of these conditions on IWRM components. It
includes a model of four scenarios for water situation in Irbid governorate for the period
(2016-2025), as well as a new participatory tool for planning at communal level, water
security plan and best management practices.
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CHAPTER TWO
2. Literature review
2.1.

Integrated water resources management

Worldwide and along the time, the rates of water demand increased significantly,
especially after the industrial revolution in the 1800's where the consumption patterns
and conventional practices led to water stress situations and water scarcity problems.
Humans started to realize that the situation of the most precious and valuable water
resources is became worsen and deteriorating. That fact indicates that all the related
development aspects are at risk, and it was 1977 when the first United Nations Water
Conference was hold in Argentina as an attempt to find and apply solutions to water
problems, to enhance the social conditions of humankind.

Two years later, the United Nation General Assembly announced the declaration of the
international drinking water supply and sanitation decade, (Hassan, 2011). That was the
first international movement toward addressing and organizing the water management at
national, regional and international level.

The United Nations International Conference on Water and Environment was held in
Dublin in 1992, and the Earth Summit in Rio de Janeiro where more than 100 leaders
addressed the problems of water, environment and socio-economic development and
adapted Agenda 21, (Hassan, 2011). There, with the Dublin principles was the onset of
the IWRM concept as an international guiding principle based on the sustainable
quantitative and qualitative management of the interacting water systems components.
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IWRM appeared as an approach to the sustainable development which consists of the
social, economic, ecological components and their interventions, (FONA, 2013).
Global Water Partnership indicates that the main elements of IWRM are the economic
efficiency, equity and environmental sustainability (GWP, 2005).

In 2000, the Global Water Partnership (GWP) technical advisory committee published a
paper explaining the definition of the IWRM concept as “a process which promotes the
coordinated development and management of water, land and related resources, in order
to maximize the resultant economic and social welfare in an equitable manner without
compromising the sustainability of vital ecosystems.” in addition to the three pillars
(Enabling environment, institutional framework, and management instruments), the
paper clarified the process of implementing the IWRM, (GWP, 2000).

Analyzing the enabling environment pillar; approximately a quarter of the countries
which reported on the constraints noted obstacles relating to legal frameworks and
strategic planning, (UN water, 2012).

The second pillar is concerning about establishing governance and institutional
frameworks. The definition of the term "Governance" can vary greatly depending on the
subject area and the field of application. Ultimately, it is representing who decides what,
how and according to which rules. All water governance definitions focus mainly on
legal and organizational aspects.

Water governance refers to the range of political, social, economic, and administrative
systems that are in place to regulate the development and management of water
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resources and provision of water services at different levels of society, (Rogers and
Hall, 2003).

The IWRM was recognized as a way for achieving an equitable, economically sound
and environmentally sustainable management for water resources and systems, (GWP,
2003).

At the 13th session of the UN Commission on Sustainable Development (UNCSD-13) in
2005 in New York, the commission agreed to devote a part of the review sessions at
2008 and 2012 to monitor and follow up the implementation of the decisions taken by
the governments and the UN system regarding the water, sanitation and their linkages,
(UNCSD, 2006).

At the CSD-16 in 2008, UN water delivered a status report on IWRM and water
efficiency plans based on a global survey assessing the progress and outcomes of the
application of integrated approaches to the development, management and use of water
resources. One hundred and thirty three countries responded to the survey, which was
complemented by an interview-based survey in 30 representative countries. Then a
status report on the application of integrated approaches to development, management
and use of water resources, was prepared by the United Nations Environment Program
(UNEP) and published as per the request of the commission of sustainable development,
(UN-Water, 2012).

The UN Water issued a status report on the application of integrated approaches in
water resources management in 2012. It indicates that implementing integrated
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approaches to water resources management is a key component of future development
paradigm. The report stated that: by 2015 each country has to develop its specific
targets and time frames for preparing and implementing a program of action. Financing
strategy was required to take each national IWRM approaches forward in accordance
with the earth summit 1992 and subsequent global agreements, (UN Water, 2012).

The Water Evaluation and Planning System (WEAP) software is a tool that takes an
integrated approach to water resources planning and it was developed by the Stockholm
Environment Institute, (Stockholm Environment Institute, 2012). This software has
been used to develop options for sustainable management.

Al-Omari et. al, (2008) developed a model for domestic and agricultural demand in
Amman-Zarqa basin. The results showed that domestic demand can be met using proper
management practices, while it is possible to meet the agricultural demand using the
same parameters which reflect the usual scenario.

Hollermann , et al, 2010, tried to conduct a water balance for Benin considering the
socio-economic development and climate change. The results showed an increased
pressure on water resources.

2.2.

Water resources situation in Jordan

The water situation in Jordan, the planning for water strategies, the water management
development, and the future water management scenarios were addressed through
different researches.
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Al-Halaseh and Ammary (2006) addressed the water situation in Jordan and the need
for a new water strategy considering the water demand management and the
development of non-conventional water supply techniques.

Jordan was one of the countries who participated in the 13th session of the commission
of sustainable development. The related policy actions were developed and the levels of
implementing these actions were analyzed and published in the status report (UN Water,
2012).

As a pioneer country in the Middle East, Jordan is keen to enhance the water
governance and management in order to cope with the changing variables, accelerated
demands, and to be able to provide the requested quantities of water with the accepted
quality as per the specifications and standards. It was ranked among the scarcest water
countries in the world. The annual per capita water availability is less than 100 m3,
which is 90% below the international water poverty line that is 1000 m3 per capita, and
50% below the threshold of severe water scarcity that is 500 m3 per capita (MWI,
2015).

An integrated, multi-sectorial approach of water management was recommended to ease
the challenges and chances for increasing the water supply in Jordan and reducing the
burdens which are resulted from the economic and demographic sectors' demand,
(Denney et al, 2008).

General policies for improving the sustainability and serviceability of the water sector
in Jordan were suggested by Tarawneh et al. (2008). In the same year, the status of the
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water resources in Jordan was reviewed, in a global pattern of increasing demand linked
to population; a growing urban-based population and increasing economic progress,
(Nortcliff, et al., 2008).

The national water master plan was introduced as the key tool to govern the ongoing
development process. It also streamlined the investment program of the water sector in
terms of economic, technical and ecological terms, (Taha and Magiera, 2005).

Grover, et al., (2010) addressed that the unstable political situation in the neighboring
areas affects the water management equation through the sudden increase in the
population.

As per the global risks 2015 report, the water crises ranked at the top as the first risk in
terms of impact, (WEF, 2015).

The Institutional Support and Strengthening Project (ISSP) published a report included
the analysis of the water strategy. It admitted that the water management in Jordan is
dominated by the flawed imperative to supply water rather than the more logical
approach that focuses on justified water needs. As a result, groundwater levels had
dramatically declined, and the imbalance between supplies and claimed needs had
grown to unsustainable levels. Moreover, the water quality had declined significantly,
(MWI, 2014).

On the information, education and communication (IEC) level, various steps were taken
by some researchers in Jordan for developing educational materials about the
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environmental behavioral values (water, energy and environment) to raise the awareness
on these issue in Jordan. Ministry of water and irrigation through the different
departments and in cooperation with different technical agencies has a notable role in
this field.
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CHAPTER THREE
3. Methodology
In order to prepare a plan for integrated water resources management under crisis and
emergency conditions for Irbid governorate, the following steps were followed:

3.1.

Identification of the study area

Irbid governorate was selected as a study area due to the following reasons:


It has been affected by emergencies and crisis conditions, and hosted refugees in
camps as well as in the urban and rural areas of the community.



The availability of water resources and systems. There are many groundwater
wells, dams, supply facilities such as pumping stations, wastewater treatment
plants, and other components of water and sanitation systems in Irbid governorate.



The availability of mega water and wastewater projects (completed, in-progress and
uncompleted). In addition to the existence of many governmental and nongovernmental parties and organizations working in the water sector.



There is a company (Yarmouk Water Company) that is responsible for water
management in the selected area.

After determining the study area, the conditions of the area were identified. These
conditions include:
1. The socio-economic conditions which are: the administrative organization and
boundary, the economy, the population, the household income and expenditures,
the status of environment and society, the health conditions, and the educational
sector.
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2. The natural parameters in the selected area, such as: meteorology data (for
example: temperature, rainfall rate, etc..), topography, hydrogeology, and
hydrology.
3. The institution and organization of water sector, which includes the policies, laws,
regulations and strategies.
4. The water and sanitation resources and facilities: water resources and water supply
system, wastewater system, and operation and maintenance.
5. Emergency and crisis conditions affected the study area: natural, political, socioeconomic, economic, administrative, and others.
6. Management conditions and plans related to the water sector: water system
improvement plan, sewerage system improvement plan, institutional development
plan, and capacity development plan.

The detailed identification of the study area is presented in chapter 4.

3.2.

Identification of the crisis and emergency conditions and their effects on

water management: The different types of emergency and crisis conditions were
addressed in the 5th item of the previous step.

The emergency and crisis conditions are classified as natural conditions, political and
external conditions, socio-economical conditions, economic conditions, administrative
and awareness conditions.

The effects of the aforementioned conditions, and the mitigation measures were
identified through reviews, questionnaire and interviews targeting the local community,
the Yarmouk Water Company (YWC) and other governmental and non-governmental
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parties involved in the response process. Personal interviews were conducted with key
persons.
3.3.

Developing the Water Evaluation and Planning (WEAP) model.

Four scenarios were developed for the study area. This included setting the parameters
such as the population estimation, to calculate the water supply requirement, the
demand and the unmet demand.

The four scenarios include the cases where the water loss percentage is decreasing (due
to implementing water loss reduction interventions such as rehabilitation of water
networks, replacement of water flow meters, etc.), constant (due to not taking additional
measures) and increasing (due to the aging networks, lack of pressure management
measures, etc.). The scenarios also include the cases when the water demand
management is constant or enhanced to cover additional percentage of the demand.

3.4.Developing a new participatory tool for implementing the integrated water
management under crisis and emergency conditions at communal level:
Three categories of tools for IWRM were identified by the Global Water Partnership
(GWP), which are: the enabling environment, the institutional roles and the
management instruments. (presented in appendix B) These tools shape the options for
the new participatory planning tool.

The newly developed tool is a matrix of questions, targeting the different stakeholders
in the study area. It is considering: the awareness of community on water situation, the
effect of crises on water supply and demand, the short-term and long-term responses
toward water crises, sustainability and suitability of solutions and resources. The matrix
of questions is followed by three categories: corrective methods, Best Management
Practices (BMPs), and a water security plan.
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CHAPTER FOUR
4. Identification of the Study Area (Irbid governorate)
4.1 Conditions of Irbid governorate:
The main conditions identifying the governorate are:






Socio-economic conditions:
1.

Administrative organization and boundary.

2.

Economy.

3.

Population.

4.

Household income and expenditure.

5.

Status of environment and society.

6.

Health.

7.

Educational sector.

Natural conditions:
1.

Meteorology.

2.

Topography.

3.

Hydrogeology.

4.

Hydrology.

Socio-economic conditions:

1. Administrative organization and boundary
Irbid governorate consists of 9 Liwas, and 18 municipalities. The area of the
governorate is around 1,571.7 km2, (MOI website, 2016). The location map of the
governorate is shown in Figure 4.1
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According to the Ministry of Municipal Affairs, Irbid governorate is divided into: Urban
growth areas, rural growth areas and rural settlements.

Figure 4.1 Location map of Irbid Governorate

2.

Economy

The main economic sectors in Irbid governorate are agriculture, real estate, transport
and communication, electricity, water supply and public administration. The gross
domestic product (GDP) of Irbid governorate has been estimated at 445 Million JOD,
with GDP per capita of 978 JOD in 2002 at current prices against 1240 JOD per capita
for Jordan, (MWI, 2015).

3.

Population

Population of Irbid governorate is estimated to be 1,316,618 persons as per the
department of statistics, (DOS, 2016). The population growth rate in Jordan witnessed
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many high rates due to the influx of refugees (Palestinians), high rate of natural
increase, the return of Jordanians after the gulf crisis in 1990 and the gulf war in 2003.

Population of non-Jordanians is about 453,540 capita, including 144,438 Syrian
refugees as per the United Nations Higher Commission for Refugees (UNHCR)
registrations, while the Ministry of Interior (MOI) estimated that there are 239,750
refugees in Irbid governorate by July 2013, (MWI, 2014).

4.

Household Income and Expenditure

The average household income from employment in Irbid governorate is 3,442.2 JOD,
while the average total household income which includes employment, own account,
rent, transfer and property is 7,877.2 JOD. Both values are less than the country
average, which are 3,842.8 JOD for household income from employment and 8,823.9
JOD for the total household income. The distribution of this household expenditures
indicates that 14.9% of Irbid governorate population has a household expenditure of
3,600 JOD/year or less and 28.9% has 10,000 JOD/year or above, (DOS, 2012).
5.

Status of environment and society

The central part of Irbid city is including the government organizations facilities,
education institutions, medical institutions and mainly commercial zones, while the
residential areas is distributed in the peripheral parts. Suburban areas of Bait Ras,
Hakama, Bushra, Huwara and Sareih are mainly residential with small-scale
commercial zones in the central part.

Yarmouk Nature Reserve is located within Irbid governorate. It was established in 2010
by the Royal Society for Conservation of the Nature (RSCN) with a total area of 20
km2, (MWI, 2014).
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Watersheds exist on the eastern and western sides of Irbid governorate center. Wadi AlArab catchment area is located in the western side while Wadi Al-Shallaleh catchment
area lies on the eastern side.

Remains and relics have been found in Irbid governorate. According to the Antiquities
Law No.23, 2004 (Antiquities Law No.12, revised in 1987), the department of
Antiquities in the Ministry of Tourism and Antiquities is responsible for excavating and
investigating remains and relics.

Remains related to the Umayyad, Abbasid, Ayyubid/Mamluk, Ottoman, Roman, Late
Byzantine, Middle Byzantine, and Early Byzantine eras have been found in Irbid
governorate, (Department of Antiquities and tourism, 2007).

6.

Health sector

There are 8 governmental hospitals presented in Table 4.1, one university hospital
which is King Abdullah University hospital, and one hospital belongs to the Royal
Medical Services which is Prince Rashed hospital that served more than 130,000
people.
Table 4.1: Governmental hospitals in Irbid governorate (MOH, 2013).
Hospital

Capacity (Bed)

1

Princess Basma

202

2

Princess Rahma

112

3

Princess Badi'a

98

4

Princess Raya

94

5

Ramtha

110

6

Al-Yarmouk

67

7

Abi Ubaidah

60

8

Mu'ath Bin Jabal

75

9

King Abdullah University Hospital

647
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7.

Educational sector

There are ten universities, community colleges, and institutes in Irbid governorate,
including: Yarmouk university, Jordan University of Science and Technology, AlBalqa' Applied University. In 2007 there were 70,000 registered students in these
academic facilities, 8000 of them are international students from 47 countries, and there
are more than 25 book publishing companies in the city, (Wikipedia, 2015).

1.

Natural conditions
Meteorology

The water demand fluctuates in the study area during the year according to the climate;
high water demand in dry and hot summer and low demand in rainy and cold winter.
Irbid governorate has a hot, summer Mediterranean climate with four seasons; Summer
season: May - September, Autumn: September-November, Winter season: NovemberMarch and Spring: March-May. The long-term annual mean is 454.5 mm/year,
maximum monthly mean temperature of 23.5 ºC and minimum monthly mean
temperature of 13 ºC. The difference between the monthly maximum and monthly
minimum temperature is about 11 ºC, (JMD, 2015).

Figure 4.2 shows the monthly rainfall in Irbid governorate, (world weather information
service (WWIS), 2016). Appendix D shows the climatic information for the period
1986-2014 for Irbid city.
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Mean total rainfall for Irbid (1985-2014)
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Figure 4.2.A Monthly rainfall rate for Irbid (1985-2014)
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Figure 4.2.B Mean temperature for Irbid (1985-2014)
2. Topography
Irbid governorate is situated on a large plateau with ground elevation ranging from 250
m to 750 m, (MWI, 2015). It is in the northwestern part of Jordan extends from the
highland east of the Jordan Valley to the Mafraq city in east, and from the Yarmouk
River in the north to the area north of Ajlun and Jerash in the south.
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3. Hydrogeology
The geological formations are classified into two main periods: the Upper Cretaceous
Period and the Paleocene Tertiary Period.
The main aquifer systems in the area are; the Umm Rijam and Wadi Shallala B4/B5
Aquifer system, and the Upper Cretaceous Amman-Wadi Es Sir A7/B2 Aquifer
system (Margane et al., 1999).

The Tertiary Umm Rijam (B4) and Wadi Shallala (B5) formations crop out in the area
north of Irbid towards the Yarmouk River. The composition of B4 formation is marly
limestone, chalky limestone and chert, while the B5 formation consists of chalky and
marly limestone with glauconite (Nawafleh et al, 2011).

Hydraulic conductivity ranges between (1x10-4) and (1x10-6) m/s, with an average of
(5x10-5) m/s. Groundwater recharge to the B4/B5 aquifer is estimated at 8 to 10% of
the mean annual rainfall (Hobler et al., 2001). In the southern part of the study area,
the A7/B2 forms the dominant aquifer. It is composed of massive limestone, dolomitic
limestone and chert with intercalating beds of chalk, marl, gypsum and phosphorite,
(Nawafleh et al, 2011).

In these formations, the formation A7/B2 is mostly utilized for groundwater
abstraction. Figure 4.3 shows the hydro-geological units of the study area, (Margane
et.al, 1999).
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Figure 4.3 Hydro-geological units in study area (Margane et al, 1999)

4. Hydrology
The study area is part of Yarmouk basin as shown in Fig. 4.4. The climate, rainfall data
were aforementioned in meteorological data section of this chapter as well as some are
available in appendix D.

The sustainable abstraction of the Yarmouk basin is ranging 30-35 MCM per year. The
main aquifer system in the basin comprises permeable layers in Neogene-Quaternary
basalts and the underlying sedimentary rocks (Paleogene and/or Upper Cretaceous
formations, depending on the lithostratigraphy of the sequence), which are hydraulically
connected with the basalts. Groundwater and surface water are closely interlinked in
this region, (Margane et al, 1999).
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Figure 4.4 Groundwater basins in Jordan (MWI, 2007)
Yarmouk River is located on the borders of Syria and Jordan, joins the Jordan River and
drains both flood and base flows of the Jordanian and Syrian territories. The catchment
area of the river is around 6790 km2, of which 1160 km2 lie within Jordan upstream of
Adasiya, (Hammouri et al., 2006).

The area is mostly agrarian. During floods, small amounts of wastewater runoff reach
the river. The average annual rainfall over the catchment area is 372 mm/year. The
long-term average total flow of the river is 355 MCM/year compromising of 246 MCM
base flow and 109 MCM flood flow. The water quality of the river is good with total
dissolved solids range of 400-800ppm, (DOEC, 2010).
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4.2

Institution and organization of water sector
o Policies, Laws, and Regulations
o Organization
o Environmental laws and regulations.

4.2.1 Policies, laws and regulations
The existing plans, strategies, policies, and legislations for the Water sector of Jordan
are listed in Table 4.2.

Efforts are ongoing to enhance the coordination, and to undertake periodic reviews of
the existing institutional arrangements and legislation. Purpose of these actions is to
assess the adequacy of the status quo in light of changed settings and circumstances.
The government advocated frequent monitoring and scoring of the performance of
water and wastewater systems, (MWI, 2014).

The MWI was directed to set new municipal water and wastewater tariffs at levels that
would cover the cost of operation and maintenance. The Ministry was also directed to
launch a program to recover all or part of the capital costs of water infrastructure,
(MWI, 2014).
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Table 4.2: Water laws, policies and legislations
Year

Description

Type

Theme

1988

Water Authority Law No. 18 of 1988

Law

Institutional

1989

Jordan Valley Authority Law No. 19 of 1988

Law

Institutional

1992

Ministry of Water and Irrigation By-law No. 54 of By-law

Institutional

1992
1994

Wastewater Regulation No. 66 of 1994

Regulation

Wastewater

1994

Drinking Water Subscription Regulation No. 67 of Regulation

Drinking

1994

water

1997

Water Strategy of Jordan 1997

Strategy

Water sector

1997

Water Utility Policy of 1997

Policy

Water utility

1998

Groundwater Management Policy of 1998

Policy

Groundwater

1998

Irrigation Water Policy of 1998

Policy

Irrigation

1998

Wastewater Management Policy of 1998

Policy

Wastewater

2001

Jordan Valley Development Law No. 30 of 2001

Law

Institutional

2002

Undergroundwater Control By-Law No. 85 of 2002

By –law

Groundwater

Water sector

and its amendments of 2003, 2004 and 2007
2003

JVA Strategy Plan for 2003 - 2008

Strategy

2004

National Water Master Plan of 2004

Water master Water sector
plan

2008

National Water Demand Management Policy of 2008

Policy

Water demand
management

2008

Water Authority strategic Plan 2008-2012

Strategy

Water sector

2009

Jordan's Water Strategy 2008-2022: Water for life

Strategy

Water sector

2010

Water Reallocation Strategy between Governorates

Strategy

Water sector

2016

National Water Strategy

Strategy

Water sector

4.2.2 Organization
Water sector in Irbid governorate is managed by Yarmouk Water Company, which is a
government-owned company. It started operations in 2011 to serve four governorates in
the North: Irbid governorate, Jerash, Ajlun and Mafraq. Directed by a Board of
Directors, and include more than 1600 employee working in the different offices of the
company which are distributed through the northern governorates to serve around
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400,000 customers, (MWI, 2016). It has a technical department, operational and
maintenance department, laboratories, training center, stores and others.

4.2.3 Environmental laws and regulations
The Ministry of Environment is responsible for all activities in the urban areas, the
development and free zones commission (currently it combined with another institution
under the name the investment commission) is responsible for supervising Irbid
governorate free zone and the industrial zones in the government. The municipalities are
responsible for managing the solid wastes. The environmental laws, policies and
regulations are listed in Table 4.3.
Table 4.3: Environmental laws, policies and regulations

1234567-

Environmental Laws, policies and regulations
Law of Environmental protection No. (52) of 2006
EIA regulation No.37 for the year 2005

The national Climate Change Policy of the Hashemite Kingdom of Jordan 2013-2020
Noise level control regulation for the year 2003
Hazardous Waste Management and Handling Regulation for the year 2003
Regulation for the Control of the use of ozone Depleting Materials for the year 2003
Regulation for the Management, Transport and Handling of dangerous and
Hazardous Materials No. 24 for the year 2005
Other Laws, policies and regulations affecting the environment and society:
8Public health law No. 54 of 2002

91011121314151617181920-

Regulations for protection of birds and wildlife and roles covering their hunting
No, 113 of 1973
The antiquities law No. 21 of 1988
Civil Defense Law No. 18 of 1999
Traffic Law No. 47 of 2001
Labor Law
Penalty Law No. 16 of 1960
Ministry of Agriculture Law No. 44 of 2002
Natural Resources Authority Laws 2002
Jordanian Standards for Air pollution JS1189/2006
Handling and discharge of used oil by-law of 2003
Natural Reserves and national parks by-law No.29 of 2005
Soil protection by-law No.25 of 2005
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4.3

Water and sanitation resources and facilities

4.3.1

Water resources and water supply system

Irbid governorate depends mainly on groundwater in the water supply process which is
managed by Yarmouk Water Company (YWC). Water is extracted from 82
groundwater wells, and pumped by different 73 pumping stations to the main two
reservoirs which are Zabda Reservoir and Hofa Reservoir and other 50 reservoirs,
(MWI, 2013). The distribution of wells in Irbid governorate is represented in Table 4.4.

Table 4.4: Distribution of wells in Irbid governorate (for the period 2011-2013)
Area

Number of

Average well

wells

depth

Average water yield
(MCM/y)

Wadi Al-Arab

21

384

22.517

Bani Kinanah

8

437

2.487

North Shouna

8

246

1.427

Al Koura

7

307

3.143

Irbid Qasaba

19

436

6.307

Ramtha

14

477

2.203

Bani Obaid

5

350

0.95

Total

82

-

39.034

Some groundwater wells are drilled to be used for collecting the water quality samples
or measuring the groundwater levels, these wells are called monitoring wells.
Groundwater levels were measured in 78 monitoring wells in the northern governorates
in the years 2011 and 2012, and it is observed to decline by 1.03 m/year, (MWI, 2015).
The existing distribution system includes:


Reservoirs: Zabda reservoir and Hofa reservoir. Characteristics of these reservoirs
are shown in Table 4.5
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Table 4.5: Characteristics of water reservoirs in Irbid governorate
Reservoir
Zabda
Hofa

Type
Reinforced
structure
Reinforced
structure

Construction year
concrete 1983 (rehabilitated 2013)

Capacity (m3)
110,000

concrete 1970 (expanded 1983)

5000 m3 (expanded
to 12,000m3)

The quality of water in the reservoirs is tested periodically. The average total dissolved
solids (TDS) in Zabda reservoir is 524 mg/l, (MWI b , 2013).



Pumping stations.



Distribution network: of which 42% is polyethylene (PE), 27.6% is made of
Galvanized iron (GI) and 17.9% is made of steel. pipe diameters varying from 50
mm to 800 mm and about 80% are 125mm or less more than 75% of these pipes
were installed before 2000 and 35% were installed before 1980, (MWI, 2014).

Table 4.6 presents the percentage for samples of drinking water met the microbiological
standards in Irbid governorate and Jordan (2008-2012), (MWI b, 2013).

Table 4.6: Percentages for drinking water samples met the
microbiological standards (2008-2012)
2008

2009

2010

2011

2012

Irbid governorate

98.8%

99.7%

100%

100%

99.9%

National level (Jordan)

99.2%

99.3%

99.4%

99.3% 99.6%

Existed dams in Irbid governorate: There are three dams: Wadi Al-Arab dam,
Shurhabil Bin Hasna dam and Unity (Wehdeh) dam. The height of each dam is 83.5 m,
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48 m, and 87 m respectively, and the capacity of each dam is 20 MCM, 4.3 MCM, 55
MCM respectively. Wadi Al-Arab dam and Shurhabil Bin Hasna dam are earth-filling
dams, while Unity (Wehdeh) dam is roller compacted concrete dam (JVA, 2011). Table
4.7 presents the main characteristics of these dams.

Table 4.7: Characteristics of existed dams in Irbid governorate, (FAO, 2012)
No.
1-

Dam
Shurhabil Bin

River
Wadi Ziglab

Major
basin
North Rift

Operation
Purpose of the dam
year
1967
Irrigation , water supply

Side

Hasna

and flood control

Wadis
2-

Wadi Al-Arab

Wadi Al-Arab

North Rift

1986

Irrigation, water supply,

Side

flood control,

Wadis

Navigation, and
Recreation

3-

Wehdeh

Yarmouk

(Unity)

River

Yarmouk

2007

Irrigation, water supply,
Flood control,
Hydroelectricity and
other

4.3.2 Wastewater facilities


Wastewater treatment plants in Irbid governorate: There are six wastewater
treatment plants in Irbid governorate; these plants are inserted in Table 4.8, (MWI,
2014).
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Table 4.8: Wastewater treatment plants in Irbid governorate, (MWI, 2014)
Treatment
plant name

Irbid Central
(Foa'ra)

Year of
commissioning

1987

Actual
Design flow
average flow
(m3/day)
(m3/day) 2010

11,023

8,132

Ramtha
1987
Wadi Al Arab
1999
(Dougara)
Wadi Hassan 2001

7,400

3,488

21,000

10,264

1,600

1,132

Al-Ekeder

2005

4,000

Over 4,000

Wadi Shalala

2013

13,700

NA

Reuse

Treatment
technology

Trickling filter
Jordan Valley
and activated
(planned)
sludge
Local
Activated sludge
Jordan Valley Extended
(planned)
aeration
Local
Oxidation ditch
Plant
Stabilization
overloaded
ponds
Jordan Valley
Activated sludge
(planned)

4.3.3 Operation and Maintenance
Yarmouk Water Company has an operation and maintenance department. The
department is in charge of the operation and maintenance activities of plants, networks
pipelines, pumping stations, water production, new connection, technical support
service and logistic support and stock management, (MWI, 2014).

A water operations system (WOS) is used. It is a software application that collects,
processes, maintains all data and information related to water. It generates technical
reports in various outputs to support decision-making.

The software manages all properties involved in water service operation, monitors and
records water service cycle, from production to end-customer. All produced water is
monitored, as it monitors water networks, lines and connections to help maintain a
healthy network at lower cost. It observes water quality in conjunction with YWC labs,
and tracks costs throughout the water service cycle: fuel, electricity and fleet.
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Due to the aging infrastructure, Operation and Maintenance (O and M) of water supply
infrastructures was highlighted as a challenge, (Melloni, et al., 2013).

The main activities of operation and maintenance in YWC are classified under three
categories: rationing operation, well maintenance and leakage repair and detection.

Rationing operation include the hydraulic separation and connection for multiple areas.
There are 35 areas in Irbid governorate where water is rationed manually, and as
aforementioned sometimes operators forget to open or close valves which cause an
inequitable rationing and "No water" complaints, (MWI, 2014).

4.4

Emergencies and crisis conditions affect the study area

The emergency is defined as a sudden, urgent, usually unexpected occurrence or
occasion requiring immediate action, but is usually small in scale. While a crises is an
event that is expected to lead to a dangerous situation, whether it’s an emergency or a
disaster.

The following conditions for emergency and crisis affected Jordan and the region, and
as a first sight it seems affecting the water management:
 Natural conditions: such as limited resources, natural population growth, climate
change, etc.
Emergency and crisis based natural conditions affected Jordan (2008 - 2015): the
limited natural water resources may consider as one of the distinguishing marks in water
situation in Jordan. The international water poverty line is 1000 m3 per capita, the
threshold of severe water scarcity is 500 m3 per capita per year, and in Jordan as
mentioned before the per capita rate is 100 m3 per year which is 90% of the water
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poverty level (MWI, 2015). The natural population growth rate for Jordan during this
duration is 2.2% , which means that Jordan has one of the highest population growth
rates in the world and as per the study of sustainable water strategies for Jordan, which
was prepared by Denney et al, 2008. Jordan at that time had the ninth highest
population growth rate.

It is estimated that the effect of the climate change on Jordan is expected to be as a
decrease in the surface runoff as per the conclusion of an assessment of climate change
impacts on water resources of north Jordan, (Hammouri, 2011).


Political and external conditions: such as influx of refugees, lack of commitment in
agreements, etc. Emergency and crises based political and external conditions affected
Jordan during (2008-2015):
 The Syrian Refugee Crisis (2011): as per the Jordan response plan 2015 for the
Syria crises, Jordan hosting 1.4 Million Syrians of whom 646,700 are refugees.
85% of refugees live outside camps, 23.5 % of all Syrian refugees are Women
and 53% are children.

A survey presented that Irbid governorate city hosted 45.8% of the Syrian families who
distributed in the host communities which is equal to 7,355 families, (Wazani, 2012).
The influx of Syrian refugees increased the load on the available resources, as well as
on the public services provision, worsen the stretched financed and affected the labor
market, (JESSR, 2015).

The rapid rise in the numbers of Syrian refugees caused severe stress on public water
supply systems, serving twice the number of people in some areas. In addition, the
number of refugees living in precarious conditions beyond the reach of support systems
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is increasing. According to the Ministry of Water and Irrigation, Syrian households
creating their own private wash facilities and buying water from the markets. This
appears to have doubled the price of water sold from tankers, which Jordanians have
relied on to supplement the rationed water supply they receive from the network.

Also representatives of the water companies told United Nation Higher Commission for
Refugees (UNHCR) that they had typically been supplying 70 liters per capita per day.
However, they had to decrease that to 60 liters per capita per day as a result of the
refugee influx, (USAID, 2014).
 Political situation in Arab world: Jordan hosted many Libyans, Yemenis and other
nationalities in the (2008-2015) duration who flee to Jordan either escaping from
conflict in their countries or seeking medical services.

The numbers and percentages of refugees in the interval (1984 - 2012) were as in Table
4.9, (Wazani, 2012), (DOS, 2016). The distribution of the refugees within the different
areas of the local community increases the burden and loads on water resources. Some
new water resources were rehabilitated such as boreholes in northern governorates, but
the demand is still exceeding the supply.
Table 4.9: Refugees and Non-Jordanian residents (1984-2016)
Year
1948

Refugees/ non- Percentage
Jordanians
population
100,000
25%

to Main nationalities
Palestinians

1967

380,000

30%

Palestinians

1990

300,000

9.5%

Iraqis, Palestinians

2003

750,000

14.5%

Iraqis

2012

200,000

3.1%

Libyans, Syrians,

2016

2,918,125

30%

Syrians, Egyptians, Libyans, Iraqis,
Yemenis, Palestinians
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The distribution of the refugees within the different areas of the local community
increases the burden and loads on water resources. Additional water resources were
rehabilitated such as boreholes in northern governorates, but the demand is still
exceeding the supply.



Socio-economic changes: rural to urban transformations, and industrial activities.
These conditions are presented in many suburbs areas in Jordan where the life style
changes than it was 30 years ago, and trend to modernizing the life style became
obvious. The establishment of many industrial zones and the emerging of a growing
industrial firm are accompanied by additional water requirements.



Economic conditions: like insufficient fund. (A similar distribution for these 4
categories of conditions was used in a study of (Ammary et. al, 2006), and on the
water demand management in Jordan (Hijazi, 2010). The country depends on grants
and donor funds, which are affected by the global economic crisis. This affect the
schedule and priorities of funding the projects. Although water projects almost on
the priority list but sometimes the time line of project implementation may be
affected by other factors.



Administrative, operational, and awareness conditions which include over
pumping and exceeding the safe yield, which will transfer the problem to another
zone without solving it.

Administrational and operational conditions: as mentioned in the analysis of the water
strategy 2008-2022, there are 10 out of 12 water basins over pumped, this is affecting
the sustainability of the resources negatively (MWI, 2015).
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Other examples of administrative, operational and awareness conditions are:
 The unfair water supply distribution due to mistakes in controlling the water
distribution system.
 The inappropriate water supply management and un-sufficient training on water
facilities (water pumping stations, and treatment units) management.
 The insufficient or inexistence of standby pumps in some pumping stations.
 The lack of connection between water supply and demand.
 The low awareness level in some fields of operation or implementation
intervention.

All these causes lead to water crises in the long term.


Management conditions and plans related to water sector in Irbid
governorate

1.

Water condition and improvement plan:

The water situation in 2008 as per the Idara project, Northern Governorate Audit
Report, is shown in Table 4.10.
Table 4.10: Water distribution for the northern governorates
Use category
Commercial
Education
Governmental
Health
Industrial
Residential
Touristic
Worship
Agriculture

Number of customers
2008
5,381
1,693
1,350
690
609
208,765
120
1,424
606

Annual use
(m3/year)
620,820
602,665
3,247,335
443,430
182,472
34,108,840
42,191
225,573
211,135

2008
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The amount of water production for Irbid governorate in 2011 was 38.8 MCM, the
water supply was 41MCM, and the per capita was 101 l/day, (Al-ansari, et al., 2012).
The water supply for household and municipal purposes increased to 45.2MCM in 2014
(DOS, 2015). The water supply for household and municipal purposes for Irbid
governorate (2009-2014) is presented in Table 4.11, (DOS, 2015).

Table 4.11: Water supply for household and municipal purposes for Irbid governorate
(2009-2014)

Irbid

2009

2010

2011

2012

2013

2014

37 MCM

37.9 MCM

41 MCM

40.5 MCM

42.1 MCM

45.2 MCM

The current supply is 45.2 MCM per year, the per capita share is around 82 liter while
the per capita consumption is 61 liter, (MWI, 2016).

2.

Sewerage improvement plan: as per the master plan for the northern governorates,
the improvement plan includes rehabilitation of main wastewater treatment plants
and enhancing the system, (MWI, 2014).

3.

Institutional development plan
Institutional development is the process of reinforcing the institution through using
the resources (human, material and financial) to achieve the objective in a
sustainable basis. At YWC, the following 6 issues were addressed, (MWI, 2014):


Cultural change toward service provider with business awareness which is
linked to raising the awareness toward the corporate culture in order to ease the
transformation into an administrative organization with technical specialization.



Efficient use of key performance Indicators (KPIs): As mentioned in the
water master plan, YWC is compiling a set of key performance indicators but
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there is a lack in the analysis process in addition to the need to the reflection of
results into developed strategies and plans.


Setting targets for waterworks: these targets include the performance
indicators and the achievement standards of water service where the results will
be subjected to a review and reflection on strategies and plans.



Clear Job Description and Standard Operating Procedures (SOP): setting
these components enhances the employees performance and empowering them
through enabling to use the delegation options.



Building up the human resources management system: this system enable the
decision makers in YWC to check the proper and efficient appointment of staff,
also it enhancing the performance evaluation mechanism in addition to the
promotion system upgrading.



Enhancement of people's awareness through information, education and
communication (IEC) activities: This issue can enhance the capacity
development indirectly through establishing an IEC program which includes
educating people and stakeholders and raising their awareness through media
messages, publications and the different channels of communications. Such
messaging will consider the leak reduction methods, saving water and cost
recovery.

4.

Capacity development plan

Capacity development is defined in the Glossary of statistical terms as the "process by
which individuals, groups and organizations, institutions and countries develop ,
enhance and organize their systems, resources and knowledge; all reflected in their
abilities, individually and collectively, to perform functions, solve problems and achieve
objectives".
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The capacity development methods are classified into three categories as per JICA
2008, these categories are:
1.

On-the Job-Training (OJT): which is the training in the routine work place

2.

Off the Job Training (Off-JT): which includes in-utility training which can
be represented through establishing a training center within the utility , and
out-utility training that is conducted in universities, oversea training, seminar
and workshops.

3.

Self-development training: to support this step an e-learning center could be
created through taking permission from other free massive online open courses
(MOOC), where the employee can enroll to any course and attend it any time.
An evaluation could be conducted to measure the benefit of the training.

There is a training center at YWC managed by the training department, where several
training courses and workshops are given to the employees in order to enhance the
experience of the human resources from different sections. The initiative of the Minister
of Water and Irrigation to build the capacities of newly appointed engineers is
strengthening the capacity development in the water sector in Jordan.

5.

Working agencies and interventions

There are many international non-governmental organizations in water sector, following
Jordanian standards related to water.
Interventions include: water supply enhancement through the drilling and improving
wells, installation of water networks, strengthening the water networks, rehabilitation of
pumping stations and installation of treatment units. Wherever its needed, all are
according to the Jordan resilience plan, and the national priorities as coordinated with
the Ministry of Water and Irrigation (MWI).
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CHAPTER FIVE
5. Impact of emergency and crisis conditions on the integrated water
resources management.
The main components of the IWRM process are: managing the water at the watershed
level, optimizing supply, managing demand, providing equitable access, establishing
policy, and inter-sectoral approach as mentioned by the GWP.

The emergency and crises conditions are shaping a challenge to the development
process if the responses are not managed well especially that some of them are staying
for a long time (For example the average life time for refugees camp is around 17
years), also these conditions are having different effects on the components of the
IWRM. The scale of the impact differs due to the type and intensity of the conditions as
well as the nature and conditions of the affected area. Following is a more detailed
analysis for the impact of the crises and emergency conditions on the components of the
IWRM.

5.1. Impact of crises and emergency conditions on managing the water at the
watershed level, optimizing supply, managing demand, providing equitable
access and establishing policy:
The first component of the IWRM is managing the water at the watershed level, which
is specified to the surface water management. A minor modification will be applied to
this component to ensure achieving the integrated and comprehensive approach in the
water resources management process. The modification is to include the two types of
water resources within this component, so the component will become as: managing the
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water at the resources level; the sources level include the watershed level and the
groundwater well level, wherever the situation is applicable.

Both water resources (surface and ground) are considered in the management process,
and the process became more integrated and comprehensive.

Managing water at-source level includes considering the sustainable yield, the efficient
use, the supervisory control, and the periodic monitoring for the status of the resources.
It also includes considering the risks and mitigation measures to protect the resource,
the recharge and the related development plans.

Analyzing the impact of the crises and emergency conditions on managing water at a
source-level showing that most parameters of the emergency and crises based on natural
conditions (natural population growth, meteorology, topography and hydrology) are
considered in systems designing and planning. It also shows that the parameters which
are related to other external conditions like the population growth of a sudden influx of
refugees, and some changing rates of weather conditions, are not predicted and might be
related to the climate change which interfere the excess water management and affects
the treatment plants management.

These parameters affect the management process by creating additional demand that
could be distributed within a community and not centered or concentrated in a one area,
which affect the service that is provided to the hosting community in case of an influx
of refugees.

There are no separate excess water networks in Jordan, which means that the excess
water goes with the sanitary network to the treatment plants. This combined system
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affects the efficiency of the facilities and shape a real challenge especially during the
rainy days in the study area. The same conditions affecting optimizing the supply.
Managing the demand is affected by the culture and uses pattern of the returnees or
refugees. Behavior change programs need to be applied by the managing utility
targeting these people in order to obtain the best available demand management. The
aforementioned point regarding the distribution of the returnee or refugees within the
host community affects mainly the equitable access, hence the pumped water quantities
which is supplied to the residents of the area before hosting the gusts will be shared to
the residents and their guests. It takes a long time before an adjustment happen to the
quantities of supplied water. The unpredicted effects of climate change are became
easier to be predicted through modeling and stimulating tools, but it is really needed for
a policy to govern the acts and set the indicators and measurement to achieve the goals
and objectives which is a long the national strategies.

Political and external conditions affect managing the water at source-level through the
changes on water demand requested, and rates of water supplied as aforementioned, in
some areas.

The political conditions could cause a severe water crisis in some areas, if an armed
conflict happened and water system facilities being targeted and destroyed. Also if an
agreement of shared water were not respected and fulfilled. In such case the
management utility need to find other solutions to provide water to customers and
ensure the availability without harming the resources or compromising the shares of the
coming generations.

The political conditions can affect optimizing the supply through the natural parameter
of the population growth as mentioned in the previous paragraph, as well as the
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demand. Also it affects providing equitable access negatively because in many cases if
an agreement is not respected then a share of water (that is planned and accounted in
water balance calculations) is became virtual and need to be compensated through
another resource.

These political conditions are affecting establishing a policy because it affects the
implementation of the existing policies due to:


The short time available for urgent response.



The unpredicted movements through the same host community.

Any emerging condition can change the set baselines, and can turn the ground into a
floating situation because it is necessary to establish a policy must be built based on the
actual situation on the ground.

Socio-economic conditions include the conditions that are related to the transforming
from rural to urban behavior and life style in addition to the industrial activities. These
conditions affect the scenarios of distribution management, associated to statistical
numerical, a little bit, the water demand and supply as some transformations toward
urbanization affect the water consumption in the area. It can help optimizing the supply
and managing the demand, because it became easier to the community and the
managing utility to adapt and implement the measure and tools of supply optimization
and water demand management as the urbanizing phase started.

Socio-economic conditions can play a role to ease the equitable access to water. The
existing of governing and developing policies accelerate such condition in a smooth
manner.
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Economic conditions affect implementing the plans based on the fact that the financial
pillar is the nerve of implementing the projects. It is well-known that the cost of water
and sanitation projects is still very high comparing to some other community
development projects, so the lack in finance of water projects affect all components of
IWRM process. It hinder the development plans by delaying the implementation phases
till get the financial requirements.

Administrational and operational conditions affect the results of implementing the
scenarios of management. Some subscribers' complaints may occur due to lack of
awareness and interest of the human resources participating in providing the services.
For example it was found that in some cases, if the water distribution system was
controlled manually, then there is a chance that the operators could forget to close /
open the valves all the time as per the schedule and it is a human faults that could
happen sometimes. If an error or a mistake happened in the distribution roles then, the
supplied quantities for two areas will be provided to one area. This will create water
crisis especially if the role of water distribution is once per week or few hours per week
as in some areas in Jordan.

Another example of lack of awareness, sometimes the inspector who is supervising the
implementation of a project may direct the contractor to add few connections to
mainline without coordinating with the designer or technical department. Also
sometimes illegal connections to the networks affect the water distribution process in
urban or rural areas.

5.2. Impact on inter-sectoral approach

45

The inter-sectoral approach is a desirable approach needs huge efforts and coordination
to be shown and happen. It enhances the effectiveness and response processes, once
existed. Such approach needs awareness in coordination and interactive interfering.

Some urgent responses to crises and emergency conditions can't wait, but in general, the
crises and emergency conditions increase the weight on the responsibility to hold intersectoral coordination meetings increase.

As water is vital for all life aspects then, the inter-sectoral approach should include
representatives, feedbacks and measures of health sector, environmental sector,
education sector, public works sector, and tourism sector in addition to any other
existing sectors affected by water interventions.

The inter-sectoral approach present through coordination meeting, and sharing a
strategic objectives and goals that include the interfering areas. The IWRM under crises
and emergencies conditions is build based on a participatory approach. The different
sectors need to participate in filling the attributed sections related to the sectors. The
main parameters reflect the needs of the different sectors and their effects on the water
management process.
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CHAPTER SIX
6. Water Evaluation and Planning System (WEAP)
As a supportive tool for planning, the water evaluation and planning system (WEAP)
software is widely used to model the water situation, and write scenarios for long-term
plans, Figure 6.1 shows the WEAP screen.

Figure 6.1 WEAP Screen

It was developed by the Stockholm Environment Institute, aims to incorporate the
values of allocated water resources, environmental quality and policies for sustainable
water management into a practical tool. It is considered as a laboratory for testing and
simulating the different proposed alternatives for water development plans and
management strategies in a specified area.

6.1. Application of WEAP
The application of WEAP includes the following:
1. Definition of the situation: where the user need to input the timeframe, the spatial
boundary and the system components
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2. Calibration and scenarios: using the current accounts, a snap shot of the actual
water demand, pollution loads, resources and supplies are viewed. Under this
option the parameters which shape the new strategy or policy like the cost, demand,
pollution, and supply can be added. Then scenarios build where the impacts of the
new policy or strategy can be tested.

3. Evaluation: after exploring the scenarios, an evaluation is conducted in terms of
resources sufficiency and compatibility with the set targets considering the
environmental pillar.

While the main screen of the application include menus row at the upper side of the
screen: (Area, edit, view, schematic, general, advanced, and help) then the screen is
divided into three columns: views column include: schematic, data, results, scenario and
notes options. While the middle column is like a document map including the resources
used with the option or hide or display any of them. The last column is space present the
details of selected view option; for example: a map (GIS-based map) clarifying the
spatial boundary of the study area with all appointed resources or components if the
selected view option was schematic.

6.2. WEAP modeling for Irbid governorate
The area boundaries were set for Irbid governorate as shown in Figure 6.2.

The general parameters including the years, time steps and units were set as per Table
6.1 and as shown in Figure 6.3. Considering that the study period will run from October
2015 to September 2025.
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Figure 6.2 Set area boundaries - Irbid governorate

Figure 6.3 General parameters
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An urban demand site was created, and the related data were identified as per Table 6.1.
Population of Jordanians was estimated based on the population growth rate of 1.94%
(MWI, 2016).
Table 6.1: Population estimation for Irbid governorate (2015-2025)



Year

Jordanians (Capita)

Non-Jordanians (Capita)

Total population (Capita)

2015

1,316,618

453,540

1,770,158

2016

1,342,160

453,540

1,795,700

2017

1,368,198

453,540

1,821,738

2018

1,399,741

453,540

1,848,281

2019

1,421,799

453,540

1,875,339

2020

1,449,382

453,540

1,902,922

2021

1,477,500

453,540

1,931,040

2022

1,506,163

453,540

1,959,703

2023

1,535,383

453,540

1,988,923

2024

1,565,169

453,540

2,018,709

2025

1,595,534

453,540

2,049,074

Water management scenarios:


First scenario: ( 25% reduction in water losses and 0% water demand
management)

The first scenario represents the conditions when the population in Irbid governorate is
1,316, 618 Jordanians, and 453,540 Non-Jordanians, assuming that the population
growth rate for Jordanian is 1.94% as indicated in the national water strategy (20162025), while the number of non-Jordanians is assumed to stay constant along this
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period. The water loss percentage was set as 36.1% for 2015, and it is targeted to be
27% by 2025, (MWI, 2016).

The water use rate was set at 65 L per capita per day (MWI, 2016). Figure 6.4 shows the
urban water demand as inserted to the Scenario (2016-2025).

Figure 6.4 Urban demand parameters



Second scenario: (0% change in water loss and 25% reduction in demand by
using better water demand management measures) The second scenario
represents the water situation for Irbid governorate having the same assumption for
population growth as in the first scenario. This scenario represents the case when no
change is assumed for the existed water losses while assuming that better water
demand management measures will reduce the demand by 25%.



Third scenario: (5% increase in water loss percentage and no additional water
demand management measures). The third scenario assumes that the water loss
percentage will be increased by 5% during 2015-2025 due to the aging networks and
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facilities, and pressure management issues, and no additional water demand
management measures will be taken.


Fourth scenario: (25% reduction in water losses and 25% reduction in demand
due to better water demand management). The fourth scenario assumes that the
water loss percentage will be reduced by 25% and the water demand management
will reduce the total demand by 25% as well.

6.3. The participatory tool for implementing the IWRM at a community level.
It is a matrix of questions for rapid assessment and identification of the study area,
affected conditions, followed by providing suitable options to maintain the three pillars
of the integrated approach in water management.

This tool concerns on the participatory approach of defining the targeted area, it could
be used as a preliminary step before modeling. It can be used to select the corrective
measures that are needed to turn the current situation to the desirable situation while
considering the development and sustainability conditions.

The matrix of questions starts by identifying the situation of the targeted area, and the
type of intervention. The suitable options for adapting that intervention within the
selected area under existing conditions will be listed based on the toolbox of IWRM as
per Global Water Partnership.

Some management instruments were modified to suit the emergency and crises
conditions, in addition to tips required to obtain the water security level at that area.
The tool consists of 10 boxes, which should be filled through a participatory approach
by the representatives of the stakeholders in a work group session. The identification of
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the stakeholders is based on the stakeholder's management procedures such as
brainstorming and lists from similar project. Figure 6.5 shows the participatory tool at
communal level.
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Figure 6.5 Participatory planning tool at communal level
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The First section of the participatory tool is related to population, senior consumers, and
land area. Figure 6.6 shows section-1 of the participatory tool.

Figure 6.6 Section 1 of the participatory planning tool

Section 2 is related to identifying the stakeholders in the targeted area, and it is the
responsibility of the water management utility to fill this section, then to build a
communication and coordination plan with them. Figure 6.7 shows section 2 of the
participatory tool.

Figure 6.7 Section 2 of the participatory tool

Section three is allocated for identifying the percentage of activities distributed within the
area as clarified in Figure 6.8.
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Figure 6.8 section three of the participatory tool
Section four is allocated for identification of the resources as shown in Figure 6.9; it should
be filled by the water management company.

Figure 6.9 section four of the participatory tool

After completing section four, two options are available:
a. A contingency plan should be prepared to cover the quantity if any of these
resources were stopped for any reasons.
b.

If the water loss percentage is higher than 18%, water loss reduction
program should be planned and implemented.

Section five as shown in Figure 6.10 is related to the water balance per month, and it should
be filled by the water management company.
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Figure 6.10 section five of the participatory tool.

Figure 6.11 clarify the crises and emergency section of the participatory tool.

Figure 6.11 Crises and emergency section of the participatory tool.

Sections seven and eight of the participatory planning tool are simple checklists with
options for correcting the situation as shown in Figure 6.12.

Figure 6.12 Checklists and corrective measures
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CHAPTER SEVEN
7. Results and Discussion
7.1. WEAP modeling results
By running the model, results are presented in Table 7.1, Figure 7.1, Figure 7.2, Figure 7.3
and Figure 7.4.

Table 7.1: Results of WEAP- Supply and demand for Irbid governorate

Supply Requirement (including lo ss, reuse and DSM )
Scenario : Reference 2016-2025, A ll mo nths (12)
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Figure 7.1 Supply requirement for Irbid governorate (2015-2025)
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Water Demand (no t including lo ss, reuse and DSM )
Scenario : Reference 2016-2025, A ll mo nths (12)
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Figure 7.2 Water demand for Irbid governorate (2015-2025)

The WEAP data expression report is attached in appendixes.

These results show that in order to deliver 45.2 MCM for customers use, around 70.6 MCM
should be supplied from the source. The difference is due to the existing losses rate. In order
to cope with this situation, the software offer options for water demand management and
water reuse.


First scenario: (25% decrease in water losses and 0% in water demand management).
In the first scenario, it was assumed that no water demand management measures will be
implemented, and the water losses to be reduced by 25% (from 36.1% currently to 27% by
2025) which is similar to the national target as mentioned in the national water strategy
2016-2025, (MWI, 2016). Figures 7.3, 7.4, and 7.5 show the water supply requirements,
water demand and unmet demand related to this scenario.
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Supply Requirement (including lo ss, reuse and DSM )
Scenario : Scenario 1(25% reductio n in WL, 0% WD), A ll mo nths (12)
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Figure 7.3 Scenario 1- Water supply requirement

Water Demand (no t including lo ss, reuse and DSM )
Scenario : Scenario 1(25% reductio n in WL, 0% WD), A ll mo nths (12)
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Figure 7.4 Scenario 1- Water Demand
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Unmet Demand
Scenario : Scenario 1(25% reductio n in WL, 0% WD), A ll mo nths (12)
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Figure 7.5 Scenario 1- Unmet demand

Table 7.2 presents the results of the four scenarios:


Scenario 1: Water loss percentage will be reduced from 36.1% to 27%, and no
reduction by the water demand management measures. The 25% reduction in water loss
percentage is similar to the target of the government by 2025 as mentioned in the
national water strategy.



Scenario 2: the water loss percentage is assumed to remain the same (36.1%) for the
period (2015-2025). and 25% reduction by water demand management measures is
assumed.



Scenario 3: the water loss percentage is increasing from 36.1% to 41.1% and no water
demand management measures are considered.



Scenario 4: The water loss percentage is reducing from 36.1% to 27%, and the water
demand management measures are increasing to cover 25% of the demand. According
to global water partnership, better water demand management could save 25% of the
demand.

61

Table 7.2: Results of supply requirement and demand for the four scenarios

Figures 7.6, 7.7 and 7.8 shows the results of supply requirement, demand and for scenarios 2, 3 and 4 respectively.

Figure 7.6 Water supply requirements, and water demand related to scenario 2
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Figure 7.7 Water supply requirements, and water demand for scenario 3.

Figure 7.8 Water supply requirements and water demand for scenario four.
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Figure 7.9 shows the unmet demand in the four scenarios and the reference case.

Figure 7.9: unmet demand for the four scenarios and the reference.
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The results show that it is necessary to reduce the water loss percentage, and enhance the water demand management practices to reduce the unmet
demand. Figure 7.10 shows the supply requirements for the different scenarios, while Figure 7.11 shows the supply requirement in comparison with
scenario 4.

Figure 7.10 Supply requirement for all scenarios.
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Figure 7.11 Supply requirement for four scenarios in relative to the fourth scenario

The gap between the required supply for the different scenarios which serving the same population shows the effect of both percentages: water loss
percentage and better water demand management measures on water management.
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For our case, the results shows that reducing the water demand by 25% using better water
demand management measures with the same water losses gives better efficiency than
reducing the current water losses by 25% without implementing water demand management
measures. This better efficiency is reflected through a lesser supply requirement for the
same population. While the best case scenario is when water losses are reduced by 25% and
better water demand management measures reduced the demand by 25% in the same
scenario. This scenario gave the highest efficiency and it is the closest case to the supplydemand balance.

7.2. IWRM pillars in Irbid governorate:
The enabling environment pillar including: policies, legal framework and investment and
financing structures.

There is a set of governing laws, policies and legislations in Irbid governorate. The
effectiveness of these policies under emergency and crisis conditions in water management
can be enhanced by addressing the humanitarian charter and minimum standards in
humanitarian response, modifying some rates as required. For example : as per the
humanitarian minimum standards , the

average water use for drinking, cooking and

personal hygiene per capita is around 15 liter per day (SPHERE). This value or the indicator
of this parameter can be modified as per the capacity of the supplier or the condition.

The communication between responding agencies and local water management company is
playing effective role in enhancing the water management process.

Regarding the investment and financing structure, some regulations or policies are required
to treat the cost issue for costumers and houses in the rural areas. It takes 15-20 years for the
payback period, which create additional loads. In addition to all required regulations and
policies to enhance creating an economic value for water, such as preparing and enabling
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the water management utility to have an investment department, and allow it to apply some
activities in order to create a new source of financing like providing local and regional
consultancy or training services, related marketing investments or other efficient and
effective trading activities.

The principles of IWRM in urban areas as mentioned in "Water Resources Engineering",
(Mays, 2011) are listed in Table 7.4. These principles were discussed with the director of
Yarmouk Water Company (YWC) and specialist engineers. Following are the principles
and the discussion:

Table 7.4: IWRM principles in urban area
IWRM Principles
1

IWRM should be applied at the catchment level.

2

It is critical to integrate water and environmental management.

3

A systems approach should be used.

4

Full participation by all stakeholders, including workers and the community

5

Attention to social dimensions.

6

Enhance capacity building.

7

Availability of information and the capacity to use it to make policy and
predict responses.

8

Full-cost pricing complemented by targeted subsidies.

9

Central government support through the creation and maintenance of an
enabling environment.

10

Adoption of the best existing technologies and practices.

11

Reliable and sustained financing.

12

Equitable allocation of water resources.

13

The recognition of water as an economic good.

14

Strengthening the role of women in water management.
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IWRM should be applied at the catchment level: In our situation, water
management authority depends on groundwater resources, and there are governing
regulations

for

protecting

groundwater

in

Jordan.

These regulations were mentioned in chapter 4.


It is critical to integrate water and environmental management: The water environmental system is an interactive system, the integrated approach enhances the
development process. The integrated approach was included in the national water
strategy (2016-2025).



A systems approach should be used: The usage of systems approach enhance the
management process, as a water management utility, YWC have supervisory
control system, MMS system, Geographic information system, in addition to the
financial and storage systems.



As a service provider, YWC is taking into consideration the community concerns
and complains when designing any interventions, and there is an understanding for
the importance of the social dimension.



The capacity development is a crucial issue in any organization. YWC has a
training center in addition to providing different capacity building activities to the
staff.



Information is available. Establishing a databank can be a very useful step to save
all the available information in the different resources, as it importance to guarantee
the accuracy of the information.



There is a need to create an economic value for water. As it well-known the current
water business is not profiting and cost of providing the water services is expensive,
the customers only pay 1/3 of the cost while the remaining is covered by the
government.
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Women are participating through different roles in water management effectively,
as an employee there are many positions in YWC and MWI are led by qualified
women. Also as an aware housekeeper implementing the best practicing in water
management. Taking into account that some programs are designed to enhance the
capacity of housekeepers on some domestic/household water management.

The global water partnership (GWP) indicated that the institutional framework pillar is
represented through implementing the following measures:


Institutional reforms to increase joint decision-making at national level facilitate
management at the basin level, and to legitimize stakeholder structures at
community level. In Jordan some programs were implemented to strength the
institutional situation like the ISSP program, financial reform program, and
others.



Stakeholder participation; as it enhances the success of meeting the needs,
strength the sustainability of any implemented project and create a feeling of
ownership and responsibility toward any plan or project. As stated in the
national water strategy (2016-2025), it is planned to initiate dialogues with the
different stakeholders, (MWI, 2015).



Check lists, Best Management Practices (BMPs) and Corrective Measures
Table 7.5 represents the checklists which were developed to cover the requirements
of IWRM under crises and emergency conditions. It was divided into two
categories: checklist for water management utility, and another checklist for
community.
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Table 7.5: Checklist for water management utility
#

Item

1.

Is there an independent management utility responsible for the
management of water and sanitation interventions in the area?

2.

Is there a clear written water strategy?

3.

Is there a written work plan with SMART goals?

4.

Are there monitoring, evaluation and reporting systems or plans?

5.

Is there a visibility system?

6.

Is there a customer care center, or equivalent service?

7.

Is there a training center, or any capacity development plans?

8.

Is there a separate water supply management section or directorate?

9.

Is there a separate water demand management section or directorate?

10.

Is there any coordination with other management utilities related to the
community development sectors (education, health, public works and
housing, civil defense, municipalities, etc. ) with a periodic meetings or
planning sessions?

11.

Is there any coordination or cooperation with academia through periodic
meetings?

12.

Is the water management utility involved in any urban development plans
for the area?

13.

Is the water management utility conducting any community activities?

14.

Is there any communication sections or plans with all levels and
stakeholders?

15.

Are there any risk management plans at the water supply system level? or
any there any contingency plans for this area?

16.

Are there any shared waters?

17.

Are there any resources protection regulations?

18.

Are women involved in water management process?

19.

Is there recognition of water as an economic good?

20.

Is there reliable and sustainable financing?

71

Table 7.6 represents water management checklist targeting the community. These
questions should be answered or at least considered by representatives of all sectors in the
identification session.
Table 7.6: Water management checklist targeting the community
#

Item

1.

Are there any water reservoirs or storage tanks (medium or large size) in the area?

2.

Is there a cistern in each house?

3.

Are there any water springs in the area?

4.

Are there any ancient remains in the area?

5.

Are there any grey water systems in the public places (Masjids, Churches, or schools)
or at the household level?

6.

Are there any groundwater basins in the area?

7.

Are people and institutes uses the water saving devices?

8.

Are there any rainwater harvesting systems in the public places?

9.

Are there any communal behaviors or norms hindering the implementation of water
projects?

10.

Are there any water quality complaints related to the drinking water?

11.

Are there any communal committees or representatives communicating with the water
management utility?

12.

Is there a role of women in water management process?

13.

Is there recognition for water as an economic good?

14.

Are there any public or individual communications with water management utility
regarding water and sanitation interventions at the levels of project identification,
planning and design?

15.

Are the implemented/ provided or under implementation water and sanitation services
meet the needs of your community?

The best management practices (BMPs) and measures for water management under crises
and emergency conditions can be summarized as the following:
1.

Water management utility to share the water services system with the concerned
municipalities and public works management utilities.
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2.

Water management utility to involve the municipalities, public works and housing,
electricity power supplier and any other related departments in the planning for new
projects and work plans. This involvement can occur by providing them with the
related work plans. This process enhances the implementation of the integrated
approach through: involving all related utilities in coordination for any requirements
and required planning related to the water management projects such as approvals,
providing electrical power supply to new pumping stations, or establishing new
roads for new wells locations and so on. This reflects on the quality of service, as all
requirements can be met at their specific time, and any delays in operation can be
reduced.

3.

Cooperation between educational and learning specialists, civil society organizations
and water management authority through setting suitable educational activities for
all ages, in addition to the coordination in conducting the different capacity building
and awareness sessions to enhance the culture of water conservation, water demand
management technologies and resources optimization interventions.

4.

Spreading the culture of drilling cisterns at household level as well as at community
level.

5.

Construction of storage tanks at communal level to enhance the sustainability of the
water networks.


1.

Water Security Plan for Irbid governorate
The risk assessment, environmental assessment, social assessment, economic
assessment and vulnerability assessment should be conducted.

2.

Storage tanks should be constructed at each urban area, in a similar way to the
system of monitoring wells; where groundwater wells are drilled and used for
monitoring the quality and level of groundwater. Storage tanks with capacities of
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500 m3 to 2000m3 will easy the water management and enhance the sustainability of
the system.
3.

Implementing of water loss reduction programs at municipal level, to reduce the
water loss percentage as much as possible. Through different tools and approaches
including community based approaches as well as the leak detection and systems
rehabilitation interventions.

4.

Installation of automated control systems reduced the occurrence of administrational
and operational causes of water complaints.

5.

Households to have water well / cistern for domestic purposes.
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CHAPTER EIGHT
8. Conclusions and Recommendations
8.1. Conclusions
In this study, new causes for water crisis are defined which are administrational, operational
and awareness causes. The effects of five categories of conditions (natural, political and
external causes, economic, socio-economic, administrational, operational and awareness
conditions) on IWRM components (managing the water at the resource level, optimizing the
supply, managing the demand, providing equitable access, establishing policy, inter-sectoral
approach) were discussed.

In this study, WEAP model is used to develop four scenarios of water supply requirement
and water demand in Irbid governorate for the period (2016-2025) considering varying
water loss percentage and water demand management measures. The results show the effect
of the two parameters (water loss and water demand management) on the water supplydemand equation. The best case scenario is scenario 4 where the efficiency of the system is
the highest due to reducing the water losses by 25% , and better water demand management
measures reduced the demand by 25%. This scenario give the optimum results, which
means that for the same demand value in all scenarios, the supply requirements at the fourth
scenario were the lesser, and the gap between supply-to-demand was the shortest, which is
the nearest to the water balance.

For this study, the results show that the effect of reducing the demand by 25% without
reducing the existed water losses is more efficient than reducing water losses by 25%
without implementing better water demand management measures.
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The study indicates to different interventions and management options to be used to
overcome the unmet demand or to reduce the supply-demand gap which is affected by
natural, economic, socio-economic, administrational, operational and awareness conditions.

Also a new planning participatory tool at communal level is developed. It provides different
options to enhance the coordination toward an integrated water resources management
under crises and emergency conditions.

For Irbid governorate, minor interventions are needed to have an integrated approach in
water resources management. Many efforts are enhancing the water management and
leading toward the integrated approach, but some coordination are still necessary to direct
the stakeholder toward the data and correct center of response. Modifying the rate of water
loss, availability of water security plan and water demand management affects the
scenarios.

8.2 Recommendations:
Upon the study results we recommend the following:


Enhance the water demand management by implementing the rainwater harvesting
interventions, greywater reuse, water resources protection and sustainability, and
reduce the water losses in the system either these resulting from illegal connections,
leakages, pressure management or incorrect flow meters.



Develop information, educational, and communication programs for employees at the
water management company, and for consumers to raise the awareness on water
management. Also build the capacity of the water management company in the
integrated water resources management.
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Using the WEAP modeling on a broader scale to include the financial scenarios related
to any proposed strategy. Inclusion of WEAP modeling in preparing a plan for IWRM
is necessary for building the different scenarios.



The implementation of the participatory planning tool at communal level to enhance the
stakeholders' management in water interventions while responding to any affecting
conditions.
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Appendix B: GWP - IWRM tools
Following are the integrated water resources management tools as mentioned by the global
Water Partnership:
1- The Enabling Environment (A)
A1-1 Policies
A1-2 Legal framework
A1-3 Investment and Financing Structures
2- Institutional Roles (B)
B1-1 Creating an Organizational Framework (B1)
B1-2 Building Institutional Framework (B2)
3- Management Instruments (C)
3-1 Water Resources Assessment(C1)
C1-1 Water resources knowledge base
C1-2 Water resources assessment
C1-3 Modeling in IWRM: WEAP software
C1-4 Developing IWRM indicators
C1-5 Ecosystem assessment
C1-6 Water footprint and virtual water concept
3-2 Plans for IWRM (C2)
C2-1 National IWRM Plans
C2-2 Basin management plans
C2-3 Groundwater management plans
C2-5 Water infrastructure implementation and IWRM
3-3 Efficiency in Water Use (C3)
C3-1 Efficiency of use
C3-2 Recycling and reuse
C3-3 Efficiency of supply
3-4 Social Change Instruments (C4)
C4-1 Education curricula on water management
C4-2 Communication with stakeholders
C4-3 Raising public awareness
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3-5 Conflict resolution (C5)
C5-1 Conflict management
C5-2 Shared vision planning
C5-3 Consensus building
3-6 Regulatory Instruments (C6)
C6-1 Water rights and allocation
C6-2 Water quality
C6-3 Water Services
C6-4 Land use
C6-5 Protection freshwater ecosystem resources
3-7 Economic Instruments (C7)
C7-1 Pricing of water and water services
C7-2 Pollution charges
C7-3 Water markets and tradable permits
C7-4 Subsidies
C7-5 Payment for environmental services
3-8 Information Exchange(C8)
C8-1 Information management systems
C8-2 Sharing data for IWRM
3-9 Assessment Instruments
C9-1 Risk assessment and management
C9-2 Environmental assessment
C9-3 Social assessment
C9-4 Economic assessment
C9-5 Vulnerability assessment
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Appendix C: Environmental and social considerations related to wash
projects under emergency and crises conditions
Table C-1: Environmental and social Considerations

No. Element
1

Air quality

2

Water quality

3

Wastes

4

Soil pollution

5

Noise

6
7

Odor
Accidents

8

Communal
conflict

9

Sustainability
of resources

Degree of influence
Before
and Operation
during
construction
Negative impact No impact
is expected

Environmental management plan

Regular sprinkling of water is needed to
suppress the scattering of dust during
construction
Negative impact Positive impact Water quality tests are mandatory for all
is not clear
is expected
water samples taken from boreholes.
Negative impact No impact
Specify the landfill places and considering
is expected
the appropriate disposal measures.
Negative impact No impact
Periodic check for all vehicles and
is expected
machines at the site of construction, and the
appropriate disposal measures should be
considered whenever is required.
Negative impact Negative
Planning the noise time to avoid nighttime,
is expected
impact
is in addition to the use of noise reduction
expected
measures such as fully-covered pumps and
sand proof walls.
No impact
No impact
NA
Negative impact No impact
Health and safety measurements
is expected
Negative impact Negative
Coordination with local communities
is not clear
impact is not representatives and applying stakeholder
clear
management programs
Negative impact Negative
Water resources assessment must be
is not clear
impact
is considered and conducted.
expected
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Appendix D: Meteorological data

89

االدراة المتكاملة لموارد المياه في ظروف األزمات والطوارئ :محافظة اربد حالة
دراسة
إعداد
هبة أحمد عبابنة
المشرف
الدكتور خلدون شطناوي

الملخص
تتناول هذه الدراسة موضوع االدارة المتكاملة لموارد المياه في الطوارئ واألزمات في محافظة إربد.
اشتملت الدراسة على تعريف محافظة إربد من حيث الظروف الطبيعية واالجتماعية واالقتصادية،
مؤسسة وتنظيم قطاع المياه ،باإلضافة إلى موارد ومرافق المياه والصرف الصحي.
كما تضمنت الدراسة تعريف خمسة فئات من ظروف األزمات والطوارئ وهي :الطبيعية ،والسياسية
والخارجية ،واالقتصادية ،واالجتماعية االقتصادية ،واالدارية والتشغيلية والظروف المرتبطة بالوعي.
باالضافة إلى تحليل ومناقشة آثار هذه الظروف على مكونات االدارة المتكاملة لموارد المياه ( ادارة
المياه على مستوى المصدر ،تحقيق الدرجة المثلى من التزويد ،ادارة الطلب ،توفير الوصول
المنصف ،وضع السياسات ،والنهج المشترك بين القطاعات).
تم استخدام برمجية  WEAPلبناء نموذج من أربعة سيناريوهات لمتطلبات التزويد المائي لمحافظة
اربد خالل الفترة ( .)6162-6102كما تم تطوير أداة تشاركية للتنسيق والتخطيط لمشاريع المياه
على المستوى المجتمعي لتحسين مشاركة المعنيين.
أظهرت نتائج الدراسة أن كفاءة نظام التزويد تكون أعلى عند تطبيق السيناريو الرابع والمتضمن
تخفيض فاقد المياه بنسبة  %62وتخفيض الطلب بنسبة  %62من خالل اتخاذ تدابير أفضل الدارة
الطلب على المياه .وهذا يعني أن متطلبات التزويد المرتبطة بالسيناريو الرابع أقل من متطلبات تزويد
باقي السيناريوهات لطلب معين .مما يعني أن الفجوة بين الطلب والتزويد لهذا السيناريو أقل ،مما
يجعله أقرب لتحقيق التوازن المائي.
كما أظهرت النتائج أن تأثير خفض الطلب بنسبة  %62دون تقليل نسبة الفاقد المائي الموجود فعليا،
يعطي فعالية أعلى من تقليل الفاقد بنسبة  %62دون تخفيض نسبة الطلب.
الكلمات الداللية :إربد ،اإلدارة ،االستدامة ،التزويد ،الطلب،المياه.

