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[bookmark: _Toc165703294][bookmark: _Toc165709417][bookmark: _Toc165731871]ABSTRACT
Countries worldwide are facing freshwater challenges in both quantity and quality in meeting increased water demand.  Historically, increasing water supply solved deficit problems.  Today, the situation is different because most of the readily accessible resources have already been used and the majority of these sources are under pressure.  

In the case of the Sultanate of Oman, the accessible water resources have been fully exploited and development of the more remote sources would require large capital investment.  Non-traditional sources, such as desalination, wastewater reuse, etc., are currently expensive and of limited capacity.  Therefore, water users have become over-reliant on excessive abstraction of groundwater to meet growing demand.  Since the 1970s, this has led to a year-on-year water deficit, progressive lowering of the water table and salt-water intrusion into coastal aquifers with adverse and, in some cases, irreversible damage to the groundwater resource and the environment.  

Oman’s current supply-driven approaches for the management of water resources are no longer sustainable.  To prevent the current water deficit in fresh water resources from worsening, it is necessary to explore a new approach to water management.   This master’s project explores the various options available in the sultanate of Oman under Water Demand Management.

Through questionnaires and interviews administered to stakeholders including: water professionals, municipal and irrigation water users, and expatriate farmers, this paper concludes that awareness of the water crisis exists amongst all stakeholders (municipal and agricultural users).  Yet a comprehensive master plan to phase various recommendations must begin with the support of the agricultural sector, currently the largest consumer of fresh water in Oman.  The process must be adaptive with concerns raised by all players being considered and changes instituted in a phased process.  The results of the research conclude that Water Demand Management is acceptable as a conservation tool, but requires an equitable method holding all users accountable for it to be effective.
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INTRODUCTION

Many countries worldwide are facing freshwater challenges in both quantity and quality in meeting increased water demand.  In the past, increasing water supply solved deficit problems.  The situation now is different because most of the readily accessible resources have already been used and the majority of these sources are under pressure.  The more remote sources that could be used to meet increased demand are very expensive to develop, while non-traditional sources such as desalination, wastewater reuse, are also expensive or of limited use.  The trend nowadays is, therefore, to concentrate on Water Demand Management (WDM) (Lallana et al., 2001).

Significant amounts of water have been primarily consumed by municipal and irrigation activities.  During these uses, some proportion is purposely returned to streams or to the ground:  this is called return flow or reused water.  Reused water is best defined as the recycling of waste/”grey water” from residential, commercial and industrial bathroom (sink and shower) and laundry washing drains as well as that used in irrigation.  The rest is lost either by evaporation or infiltration.  The difference between the withdrawal and the return flow is called consumptive use (Baumann and Dworkin, 1979).  Water is needed for most daily activities.  The major users of water are the agricultural sector and then the municipal use.  For example, Baumann and Dworkin (1978) identify the distribution of consumptive use in the United States for the year 1975 as:
· Over 85% for agriculture
· 7% for municipal supply
· Less than 2% in energy production. This figure is restricted to consumptive use while water used in cooling towers within energy facilities, large is volume, is commonly returned to surface water source. Municipal use is defined as water consumed by residential, commercial and industrial users (Baumann and Dworkin, 1978).  Some of these uses depend on not only the quantity of water available, but also the quality of its physical and chemical characteristics.

Historically, water authorities worldwide have attempted to solve water deficits by increasing water supply instead of better and equitable usage of the resource.  As a result, most of the accessible water supplies are now extensively utilized.  Many countries, especially those located in arid zones, have reached a situation where further development of additional water supply is not possible.  This is because of two major limiting factors: financial constraints and water scarcity.  The development of new sources is very costly since nearby and easily accessible sources have already been developed.  Also, water consumption has increased dramatically to the degree that the increasing water demand cannot be met from any source.  Winpenny (1994) argued that countries relying on water supply as a solution to meet increased water demand will not be able to achieve sustainable development because of the following hydrological, environmental and financial reasons:
1. Hydrological limitations:
Worldwide, there is no trend of increasing water resources (forms of precipitation including rain/snowfall).  On the contrary, climate is exhibiting unpredictable changes.  Drought is experienced in many parts of the world, resulting amongst other things in losses of agricultural production.  Floods are at record levels in other countries, causing destruction of infrastructure and human losses.  During the monsoon and flash flood season, Oman has prevented floods through the use of recharge dams throughout the country.  Water that would otherwise flow into the sea is positively recharging the ground aquifers but also serving as a flood prevention measure throughout the sultanate.  Therefore, for the years to come, there will continue to be hydrological limitations to water resource development (Ho, 2002).
2. Environmental Limitations:
The drive to increase agricultural production without taking into account the negative environmental impacts has led to the excessive use of fertilizers and pesticides.  Toxicology studies have shown significant increases of contaminated groundwater from the agricultural sector due to the use of increased chemicals.  Farmer’s lack of experience using chemicals has also led to several problems such as residual effects on humans, plant and environmental health (El-Behagy, 1998).  Also, excessive water abstraction for agricultural use has led to the depletion of aquifers, destruction of wetlands and seawater intrusion in coastal areas.  These phenomena are not reversible and their remediation is very costly.
3. Financial limitations:
Some water authorities have failed to collect proper tariffs to recover their capital investments and running costs of water projects.  This situation has led to financial difficulties.  Other factors have led to poor financial situations such as costly renovations to old, poorly designed systems, weak billing systems and illegal connections.

It can be concluded that the motivations behind the implementations of water demand management in arid countries like Oman are the scarcity of water resources, environmental protection and economic savings.  In water rich countries, the second two drivers predominate.

Despite the growth in WDM, it remains unclear in certain cases as to whether the implementation is centered on supply or demand.  The answer is not easy, given the complexity of the two issues.  WDM deals with engineering and operational issues.  (UN, 1991).  Buros, (1995) argued that water usage is easy to increase and very painful to restrict due to physical, political and economic reasons.

The theory and application of WDM have developed through time.  In the past, in many countries, it was restricted to the reduction of municipal uses (residential, industrial and commercial) even though agriculture is the most important user and the highest in volume consumption.  The reason behind the concentration on municipal uses was the relatively lower investment required to achieve savings compared to agriculture.  In recent years, agricultural consumption has been elevated among WDM components.
[bookmark: _Toc165699110][bookmark: _Toc165700121][bookmark: _Toc165701334][bookmark: _Toc165701522][bookmark: _Toc165703296][bookmark: _Toc165731873]BACKGROUND
Major reviews of the worldwide status of water for societal uses have been consulted.  The availability of reliable supply of water is essential to the development of society.  Historically, successful civilizations emerged and flourished in places where good quality, potable water, was available and sufficient quantity/quality of  water could be provided for to support of expanding domestic, agricultural and industrial use.  While some ancient civilizations are known to have failed or had to re-locate due to their water resources becoming exhausted, up until the end of the nineteenth century water resources were generally able to meet the growing water requirements of people because demand was usually less than supply.  However, during the twentieth century, water problems and water crises began to appear in many parts of the world.  The latter were due to water shortage through expanding supply or the ability to migrate to areas of greater abundance became less and less feasible as management solutions.  This was the case because the most easily accessible water resources had already been fully exploited and governments, particularly in less developed countries, were increasingly unable or unwilling to fund the rising costs of financing new schemes necessary to meet increased demand for water.  Reluctance to commission new water resources projects was greatly strengthened during the second half of the twentieth century with the emergence of factual evidence of the adverse environmental impacts of schemes reliant on, for example, groundwater over-abstraction, construction of large dams or inter-basin transfers of water.  As a result both economic and environmental imperatives led governmental decision makers as well as water specialists to start thinking about managing the demand side in different water sectors to match consumption to the sustainably available supply (UN, 1991;World Bank; 1993;WinPenny, 1994; Lallana et al., 2001).

The case of water resource management in Oman clearly illustrates the need for demand management to play a vital role in balancing usage to supply.  Water is especially crucial to civic life in Oman, which is an arid country with an average rainfall of only 50mm in central Oman, rising to just a little over 300mm in the Northern Oman Mountains (MWR, 1995a; Al-Khatry and O’Brien, 1997; Al Qurashi, et al., 1997).  This limited input of water to the nation must support an annual demand of 1.645 mm3, 86% of which is used for agriculture and 14% for municipal use (MWR, 1998a).  The position of agriculture as the predominant consumer of water in Oman takes on added significance when it is realized that the contribution of agriculture to the nation’s gross national domestic product (GNP) is just 2.5% compared to 26% for Pakistan (Montginoul and Strosser, 1997).
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Most of the accessible water resources in Oman have already been fully exploited and development of the more remote sources would require large capital investment making this an unlikely option.  Non-traditional sources, such as desalination, wastewater reuse, etc., are currently expensive and of limited capacity.  Therefore, water users have become over-reliant on excessive abstraction of groundwater to meet growing demand.  Since the 1970s, this has led to a year-on-year water deficit, progressive lowering of the water table and salt-water intrusion into coastal aquifers with adverse and, in some cases, irreversible damage to the groundwater resource and the environment.  

While there are many reasons that have led to this situation, they can be grouped into five major categories:
1. Increased population, 
2. Expanded  agriculture, 
3. Rapid economic development,
4. Improved standard of living, and
5. Lack of a cohesive strategy/plan on use of groundwater resources.

In other parts of the world, water demand management (WDM) techniques and strategies have been developed and successfully implemented to deal with water deficits, but to date little progress has been made in identifying those techniques and strategies for WDM like to prove viable in Oman.  WDM is a mechanism to find balance between the availability of groundwater resources and the demand of water by users.  And, often the purpose of WDM is to protect the environment, while providing a sustainable water balance budget and economic efficiency.  This master’s project therefore focuses on research into the techniques and strategies of WDM that would be appropriate and acceptable in Oman and the potential water savings that might be achieved were such to be implemented successfully. 
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WATER DEMAND MANAGEMENT (WDM)
[bookmark: _Toc165701338][bookmark: _Toc165701525][bookmark: _Toc165703299][bookmark: _Toc165731876]DEFINITIONS 
Lallana et al. (2001) defined water demand management as:

“The implementation of policies or measure(s) which serve to control or influence the amount used.”

Tate (2001) added another dimension to his definition of WDM by focusing on water quality as a major component.  The above-mentioned definitions failed to include water quality at all.  Therefore, he expanded the definition as follows:
“Water demand management refers to any socially beneficial action that reduces or reschedules average or peak water withdrawals or consumption from either surface or groundwater, consistent with the protection or enhancement of water quality.”

White and Fane (2002) argued that the demand for water as a resource is in fact the demand for the services that the resource provides and not for the resource itself.  Therefore, providing the same services with fewer resources does not matter to the users.  This philosophy is behind what is called end use analysis, i.e., how water is actually used by the customers.  Therefore, they defined demand management in general terms as:
“Any program that modifies (decreases) the level and/or timing of demand for a particular resource.”

In the twenty first century, it is these three definitions that are more acceptable in defining WDM.  This is because the purpose of implementing WDM in the modern world is to reduce the consumption and to protect the environment in general.  This cannot be achieved unless a package on integrated techniques and programs is implemented.  In this case, pricing and water quality protection are essential components of these water demand management schemes. 
[bookmark: _Toc165700124][bookmark: _Toc165701339][bookmark: _Toc165701526][bookmark: _Toc165703300][bookmark: _Toc165731877]THE RELATIONSHIP BETWEEN WDM AND WATER SUPPLY MANAGEMENT (WSM)
Many global ministries of water resources have tackled water deficits by increasing water supply (Micale, 2009).  This can be done through a myriad of options, including: the addition of new extraction points, water reuse, construction of increased storage capacity, desalinization plants and artificial recharge.  Over time, the message to the public is excess supply can be created; however, increased demand quickly outstrips the newly available water resources.  The relationship between WDM and WSM in Oman is that existing ground aquifers can sustain the current water needs of the sultanate if WDM techniques are applied in both the municipal and agricultural sector (De Villiers, 2001).  WDM is far less capital intensive than WSM and most often doesn’t require large-scale infrastructure to deploy.
[bookmark: _Toc165700125][bookmark: _Toc165701340][bookmark: _Toc165701527][bookmark: _Toc165703301][bookmark: _Toc165731878]WDM AND CONSERVATION
The basic concept of water conservation is to save, and/or not to waste, while minimizing and changing use patterns.  Conservation has always been a focus in the water-deprived Middle East and is just one tool from the tool kit of WDM applications.  The conservation concept can be applied to municipal, industrial and agricultural sectors.  But, water conservation in agriculture translates to the most efficient use to yield a product (Grigg, 1996).  The term efficiency comes from the economic concept of productivity, which measures the amount of an expended resource necessary to produce one unit of a good or a service.  According to this concept, Tate (1994) defines water use efficiency:
“Any measures that reduce the amount of water used per unit of any given activity, consistent with the maintenance or enhancement of water quality.”
[bookmark: _Toc165701341][bookmark: _Toc165701528][bookmark: _Toc165703302][bookmark: _Toc165731879]WDM AND SUSTAINABLE DEVELOPMENT
Sustainable development is a response to the critique raised by some people against the concept of conservation as being incompatible with resource development (Tate, 1990).  Sustainable development was defined by the World Commission on Environment and Development in 1986 (In Grigg 1996) as the process that “meets the needs of the present without compromising our ability to meet those of the future.” 
[bookmark: _Toc165701342][bookmark: _Toc165701529][bookmark: _Toc165703303][bookmark: _Toc165731880]INSTRUMENTS AND TOOLS FOR WDM
Writers give different names to different techniques or measures to be used during the implementation of WDM. Such demand related measures include:  policy categories, instruments of WDM; technical tools for WDM and measures of water demand strategy. 
In major components of various WDM schemes differ. However, it is easy to list techniques and tools for its implementation. 
Baumann and Dworkin (1978) summarize what they called “demand related measures” to reduce the water demand for municipal use as follows:
1. Metering:  Metering has a major impact on reduction on water consumption in the municipal sector;
2. Pricing:  Pricing has an influence in water consumption.  Consumers usually respond to increasing price by decreasing their water consumption;
3. Restrictions:  Restriction in water usage usually imposed during prolonged drought, restrictions can be placed on the hours of use or types of activities;
4. Educational campaign emphasizing water use conservation;
5. Technological innovations and applications.

A 1991 United Nation report (United Nations, 1991) on legislative and economic approaches to water demand management suggested adoption of “technical tools for demand management” which are listed as follows:
1. Reduction in water losses
a. Leak detection and repair
b. Identification of illegal connections
2. Improved operation and maintenance of water projects
3. Dual distribution systems:  high quality water can be supplied separately to that of the lower quality water
4. Low water use technology:
a. Aerator/flow restrictors: These devices attempt to control and restrict the flow from taps.
b. Shower spray nozzles: spray nozzles have two characteristics; flow restriction and low velocity.
c. Water closets:  devices are usually used to reduce the amount of water that is used to flush the toilets.
d. Thermal insulation: in either cold or hot countries, there is a waste of water before getting the desired water temperature.
e. Flow and pressure reduction:  high-pressure flow causes a lot of waste of water.
f. Water using appliances:  the amount of use in instruments like washing machines and dishwashers has direct impact in water consumption.
g. Lawn and garden irrigation: using modern irrigation system has a direct impact on water consumption.
h. Landscape design: Introducing of drought resistant plants and native plants would cause a reduction in water consumption.
i. Recycle systems: reusing of grey water from flushing toilets and irrigating lawns would reduce the burden of fresh water.
j. Commercial and industrial applications: Water saving devices can be used as well to reduce the water consumption.  Changing in production technology has a direct impact in water consumption.
5. Behavioral changes in water use: economic incentives, legislation and communication with water users can be used to reach to this target.
6. Restrictions, rationing and prohibition:
a. Land use restriction: restriction in land use especially for agriculture or changing the land use has a significant impact in water consumption.
b. Allocation:  When water demand exceeds the water supplies, allocation of water between the water users is important to make sure that equal distribution is implemented.
c. Prohibitions:  prohibiting certain or reducing water uses is important to reduce water demand.
7. System management:  Any scenario to be applied in water demand management needs a suitable system management context.
8. Economic tools for demand management:
a. Water Tariffs
b. Other economic tools for management of domestic demands:
i. Difference between metropolitan areas and small communities
ii. Incentive payments for water use modification
iii. Discounts for purchase of water using appliances
a. Economic tools for demand management in industry:
b. Tax rebates on recycling or waste treatment equipment
c. Higher use surcharges
d. Penalties and fines for polluting industries
Winpenny (1994) categorized what he called “policy categories” into three major categories.  These are enabling conditions; incentives and direct interventions are summarized in 
Table 1
Policy categories (after Winpenny, 1994)
	Category
	Instruments

	Enabling conditions
	· Institutional and legal changes
· Utility reform
· Privatization
· Macroeconomic and sectoral policy

	Incentives
	Market-based
· Active use of water tariffs
· Pollution charges
· Groundwater markets
· Surface water markets
· Auctions
· Water banking
Non-market:
· Restrictions
· Quotas, norms, licenses
· Exhortations, public information

	Direct interventions and programs
	· Canal lining
· Leak detection
· Water-efficient user appliances
· Industrial recycling, reuse, water efficiency



Schiffler (1995)  stated what he called “instruments of WDM.”  These are as follows:

1. Command and Control (CAC) Instruments:
These instruments are quantitative and can be applied to reduce the abstraction like limiting the number of days for abstraction and banning the drilling of new wells are examples of CAC.
2. Economic Instruments:
This comprises of four elements:
a. Water charges:  The application of water charges at the source.
b. Water supply charges:  Charges to cover the capital, operation and maintenance cost.
c. Abstraction charges:  Charges levied to water users who are using water directly from wells and rivers or indirectly through water supply companies.
d. Water markets:  Water rights, which do not exceed water availability on a sustainable basis, are traded between water users.
3. Awareness building measures:
This includes awareness of water users, training education and advertising.

He preferred economic instruments to command and control instruments because of the following reasons:
a. Command and control instruments do not take into account the users suffering from the lack of water.
b. Economic instruments leave the decision of amount of water to be consumed to the users subject to their profitability and benefits.

Lallana et al. (2001) discussed “measures of water demand strategy.”  They put WDM measures together with WSM measures.  Measures related to WDM are summarized as follows:
1. Alternative sources to freshwater: i.e. use of seawater for cooling purposes.
2. Production technology:  i.e. desalination.
3. Recycling treated wastewater:  recycling for a variety of uses.
4. Efficiency of main distribution network: such as leak reduction.
5. Water saving equipment like:
a. Research and development of water saving devices.
b. Encouraging use of devices by users.
c. Efficient irrigation materials.
d. Alternative industrial processes.
6. Meter installation.
7. Tariffs like:
a. Adjustment of consumption related tariffs.
b. Use of permits.
c. Penalties for exceeding irrigation volume.
8. Reuse of rainwater and recycled water.
9. Education and information.

A new concept, useful as a tool, has arisen following the work of (Allan, 1996; Chatterton & Chatterton, 1996) this “closing the water resource.”  The idea behind this is to close the resource against activities, which bring poor economic return (Allan, 1996).  Chatterton & Chatterton (1996) further argued that the closure of water as a resource would increase the value of water.

Based on this review of WDM measures proposed by different specialists in water management, the following issues may be summarized:
1. Emphasis was given to tools, instruments and measures. 
2. Earlier writings concentrated on municipal and not on total water demand. 
3. Moreover, agricultural water demand was excluded.
4. Particular measures or techniques received preferential attention, related to author’s field of specialization.  For example, economists preferred economic and financial tools to others. 
5. Components and the consistency of WDM were not mentioned.

In conclusion, I believe that the goals of WDM should be determined, followed by an identification of relevant strategies.  With this at hand, the tools and instruments available to enable implementation of WDM may be deployed.  Such a goal-oriented approach can be achieved in an adaptive fashion with the collaboration of all stakeholders involved. 
[bookmark: _Toc165701343][bookmark: _Toc165701530][bookmark: _Toc165703304][bookmark: _Toc165731881]SUMMARY OF WDM TOOLS
Based on my review, I conclude that:
1. WDM is a set of goals, tools, techniques and policies to reduce the demand for water.
2. These include: demand related measures, technical tools for demand management, policy categories, instruments of water demand management (such as tariffs), and measures of water demand strategy (such as water conservation).
3. Generic goals should include:
a. Control abstraction and focus on fair water allocation, for reasonable usage, with amounts used carefully, monitored and controlled. 
b. Reduce mismatch to assure consumers that careful and fair allocations can be met while providing some provision for recharge of aquifers
c. Ensure that the value of water resource is taught through more effective education and awareness. 
d. Ensure the sustainability of the resource and those projects that provide fair allocation.
e. Ensuring the acceptability and the phasing of new policies, rules and regulations.
4. Water conservation is part of water demand management.
5. Water demand management represents one face of a coin while the other face is water supply management.
6. Sustainability in the use of water as a natural resource cannot be achieved without the implementation of water demand management.
7. There is a strong link between technical issues in the water sector, socio-economic and environmental issues.  Therefore, any policy to be implemented has to consider all of these issues together.
8. Water demand management cannot be implemented if there is resistance from the stakeholders and if there is a deficiency in legislation.  Therefore, public participation is essential and legislation reform is a must.
9. Before implemental any policy related to water demand management, it has to be evaluated and examined according to certain evaluation criteria and according to certain rules.
10. Water demand management techniques requiring financial investment and economic feasibility can be listed as follows:
a. Installation of water meters
b. Use of water savers in houses and factories
c. Using modern irrigation techniques
d. Using thermal insulation
e. Water treatment and water reuse
f. Leak maintenance and canal lining
11. Water demand management policies requiring legislation enforcement, cooperation and coordination between all stakeholders, and administrative expenses are listed below:
a. Water quota for every user
b. Changing the cropping pattern
c. Well and abstraction permits
d. Irrigation water tariffs
e. Water auction
f. Creation of protection zones and pollution control
g. Privatization of municipal water supply
h. Public awareness 
i. Public participation
12. While the components, tools and techniques of water demand management can be identified and listed generically, a prototype approach to implementation, based on technology transfer, has to be avoided because what is successfully applied in country A is not necessarily applicable in country B.

A further question that follows once a decision to implement WDM has been made, is “how can demand management be achieved in practice?”  The answer depends on what tools and techniques can be implemented effectively in the context of the different components of WDM.  Table 2 shows different techniques and tools for each component.

Table 2
Summary of water demand management components and tools and instruments
	Components of water demand management (what are the goals?)
	Tools and instruments of water demand management (how to achieve them?)

	1. Control of abstraction and water allocation
	· Quotas
· Permits and licensing
· Metering

	2. Reducing water consumption
	· Water savers in housing and industry
· Modern irrigation techniques
· Changing cropping patterns
· Thermal insulation
· Dual distribution system
· Water reuse

	3. Make users feel the value of the resource
	· Water tariffs and water pricing
· Auctions

	4. Insuring the sustainability of the resource and water projects
	· Capacity building (Institutional and legal changes and education training)
· Protection zones and pollution control
· Privatization
· Leak maintenance and canal lining
· Land use management

	5. Ensuring the acceptability and the implementation of policies, rules and regulations
	· Public awareness
· Public participation

	6. Socio-economic development
	· Transition from a mainly agricultural economy to a more diverse one.  
· Rural to urban migration with reduced farming population.



[bookmark: _Toc165701344][bookmark: _Toc165701531][bookmark: _Toc165703305][bookmark: _Toc165731882]
RESEARCH METHODOLOGY
[bookmark: _Toc165701345][bookmark: _Toc165701532][bookmark: _Toc165703306][bookmark: _Toc165731883]BACKGROUND TO RESEARCH
Research methods I used were divided into two major categories:  quantitative and qualitative. The former dealt with numerical aspects of water amount and usage and the latter with the culture and behavior of humans (Maykut and Morehouse, 1994; Bryman, 1988).  Research into water either in technical quality, quantity, management and policy aspects, was crucial to understand the nature of the problem.  Aims were to reduce costs, reduce water consumption and to achieve sustainability for both the environment and society.  This research of necessity concentrated on the management and policy aspects.

The following methods were adopted in the study:
1. Collected hydrological and hydro-geological data in study area was used to determine the water situation and provide explanation of the causes of water deficits.
2. A review of WDM in Oman was conducted with particular emphasis on identification of weaknesses and areas where reforms are required.
3. Review literature on WDM in general.
4. Collected views/concerns of various stakeholders (water professionals, irrigation water users and municipal users) using questionnaire surveys.
5. Interviewed three stakeholder groups, ten people per group, and one group of ten expatriate farmers using semi-structured and structured formats. 
[bookmark: _Toc165701346][bookmark: _Toc165701533][bookmark: _Toc165703307][bookmark: _Toc165731884]RESEARCH HYPOTHESIS
I maintain that a solution for the water deficit in the study area will be possible only if  WDM incorporates at least the following factors: culture, religions, socio-economic conditions and environmental perspectives that are relevant to Oman. Only those policies, components and tools acceptable to the citizens of Oman will be incorporated.
[bookmark: _Toc165701347][bookmark: _Toc165701534][bookmark: _Toc165703308][bookmark: _Toc165731885]SPECIFIC RESEARCH QUESTIONS
1. How bad is the water deficit in Oman and what are its causes?
2. Could WDM provide viable solutions to the deficit and its associated problems?
3. Given the physical geography, cultural legacy and societal values of Oman, which components and tools for water demand management could be applied successfully?
4. Are there WDM components that are acceptable to stakeholders from some water sectors but not others?
The ultimate objective will be to provide general guidelines, which Oman can adopt to develop a sustainable water management policy.
[bookmark: _Toc165701348][bookmark: _Toc165701535][bookmark: _Toc165703309][bookmark: _Toc165731886]
INFORMATION COLLECTED THROUGH THE QUESTIONAIRES

From my literature review, I identified five major components of WDM that appeared pertinent and useful.   Each component has many tools and techniques within it.  All three types of questionnaires, described below, were designed to reflect all components of WDM.  Participants were not asked to give information about their age, level of education or their sex.  This is because the aim in this research is to explore the vision of all stakeholders regarding the possibility of implementing water demand management tools and policies without regard to age, education, or gender.

In addition to what was found regarding the components of water demand management, three issues were addressed.  The first, unique to Oman and neighboring Gulf State countries, is the impact of expatriate farmers in water demand management.  The second one is aflaj management[footnoteRef:1], which formulates an important factor in water management in Oman.  The last one is land management, as without it, water demand management cannot be implemented, as it should be. [1:  Aflaj (sing. falaj) are the main source of irrigation water in Oman beside wells. They are utilized in agriculture as well as for domestic use since ancient times.  The falaj is a system of tapping underground water, which is led by man-made subterranean channels to villages where it is used for irrigation and domestic purposes.  Aflaj water flow is constant year-round but can vary due to lower annual rainfall or drought.  The source of a falaj is referred to as a “mother well.”  Access points from the “mother well” channel water into different areas (similar to an aqueduct) to irrigate agriculture.
 
] 


I used three individual questionnaires designed for specific groups of stakeholders. The first was for water specialists, water administrators and decision-makers.  The second was for agricultural water users and the third for municipal water users.

To cover all WDM components, the three questionnaires were designed to obtain the following information from the three groups.
[bookmark: _Toc165701349][bookmark: _Toc165701536][bookmark: _Toc165703310][bookmark: _Toc165731887]From water professionals:
· The status of water ownership in the country.
· The status of management and technical situation of aflaj.
· Issues related to expatriate farmers and their impacts on the water situation.
· Issues related to introducing new techniques and policies related to water demand management such as:
1. Modern irrigation and water saver or saving techniques
2. Water quotas
3. Water tariffs for private wells
4. Water auction
5. Trading in water abstraction permits
6. Changing cropping patterns
7. Water reuse
8. Public participation
9. Water metering
10. Training and educating water users
11. Involvement of water users in water management
12. Legislation reforms
13. Land management
14. Environmental protection
[bookmark: _Toc165701350][bookmark: _Toc165701537][bookmark: _Toc165703311][bookmark: _Toc165731888]From agriculture water users:
All above-mentioned topics were also collected from agricultural water users except issues related to the usage of water savers.
[bookmark: _Toc165701351][bookmark: _Toc165701538][bookmark: _Toc165703312][bookmark: _Toc165731889]From municipal water users:
All above-mentioned topics except issues that are related to agricultural water users like:
· The status of management and technical situation of aflaj.
· Issues related to expatriate farmers and their impacts in water situation.
· Modern irrigation systems.
· Changing cropping patterns.
· Power and power relations.
[bookmark: _Toc165701352][bookmark: _Toc165701539][bookmark: _Toc165703313][bookmark: _Toc165731890]Population of the Study Area
The population in the study area is divided into four categories:
1. Irrigation water users:  The main sources of irrigation in the study area are aflaj and wells.  According to 1993 agricultural census, 7062 farms are found in the study area (MAF, 1997).  Presumably, the number of farms has not increased because the government has stopped the expansion of agriculture since 1990.  
2. Domestic water users:  Domestic water consumption either internal or external falls under this category.  The number of households for the study area was calculated from the national census, which was carried out in 1993.  In order to find the present number of households, the present population projection was performed and then the average number of tenants in each household was calculated.  Table 2 summarized the present population and household numbers.
Table 2
The present population and households in the study area
	Wilayat
	1993 population
	1993 households
	Persons/household
	2004 population
	2004 households

	Rustaq
	61984
	7945
	7.8
	90495
	11036

	Suwaiq
	37489
	4198
	8.9
	54733
	6675

	Awabi
	10375
	1195
	8.7
	15147
	1847

	Musinah
	53966
	6591
	8.2
	78789
	9608

	Total
	163814
	19929
	8.2
	239164
	29166


3. Commercial and industrial water users:  The activities under this category are relatively limited.  It is concentrated under block and ceramic factories, laundries, car wash stations, small hotels and restaurants.  The number of businesses was collected from the municipalities of each wilayat (Table 3).
Table 3
The households, farm-holds and commercial and industrial holds in the study area
	Wilayat
	Households
	Farm-holds
	Commercial and Industrial holds

	Rustaq
	11036
	2799
	112

	Suwaiq
	6675
	1871
	102

	Awabi
	1847
	614
	11

	Musinah
	9608
	1778
	80

	Total
	29166
	7062
	305


 Water specialists and decision makers:  This category includes all specialists and decision makers from all related ministries (Ministry of Regional Municipality, Environment and Water Resources, Ministry of Agriculture and Fisheries, Ministry of Housing, Electricity and Water and Ministry of Commerce and Industry).  Table 4 summarizes the population of this category.
Table 4
Water specialists and decision makers’ population
	Institution
	Head-office
	Study Area
	Total

	Ministry of Regional Municipality, environment and Water Resources
	155
	23
	178

	Ministry of Housing, Electricity and Water
	11
	7
	18

	Ministry of Agriculture and Fisheries
	8
	16
	24

	Ministry of Commerce and Industry
	9
	4
	13

	Total
	183
	50
	233


[bookmark: _Toc165701353][bookmark: _Toc165701540][bookmark: _Toc165703314]
[bookmark: _Toc165731891]
RECOMMENDATIONS
In this section, I provide a discussion of the research findings and draw conclusions regarding:
· The potential and limitations for demand management to be implemented effectively in Oman;
· Those policies and components that have the best chance of successfully contributing to the elimination of the current water deficit;
· How potentially useful policies and components might be framed and implemented within an outline strategy for WDM for Oman.
[bookmark: _Toc165701354][bookmark: _Toc165701541][bookmark: _Toc165703315][bookmark: _Toc165731892]Water Quota Policy
There is broad support for the implementation of a water quota policy from the water professionals, agricultural users and municipal water users.  It should be noted that water users disagreed about which sectors and users should be targeted by the quota system.  Other agricultural users recognized that profligate use exists in their sector, but accused the managers of large farms of wasting water.  Similarly, users of irrigation water supplied from Aflaj accused farmers, who obtain their irrigation water from wells, of over-abstraction and not adjusting their water consumption according to the general water situation in order to avoid permanent ground water depletion.  Water professionals also have different views regarding who should implement water quotas.

The majority of professionals and users recognized that water metering would be necessary to measure the quantity of water actually abstracted from each well and check that it does not exceed the permitted quota.  For example, water professionals suggested that electricity consumption could be monitored as a substitute for water metering to avoid the expense and intrusion of meter installation.  Agricultural water users suggested that were the authorities to restrict the area that can be irrigated. This could implement the quota, depending on the water situation.  Despite the disagreements on who should implement policy, there was a consensus that responsibility for supervision of water quotas must remain with the water authorities and that legislation would be necessary to give water authorities the power to implement quotas by law.

The responses from all three groups with respect to water quotas revealed the need to conduct campaigns to make users aware of the responsibility they bear for limiting their own use of water. This should be coupled with programs of education on the necessity of metering to monitor water use and also on training in how meters should be used and operated.

Stakeholders had different perspectives regarding whether a quota policy should be used as a tool to limit or to reduce water consumption.  The more conservation-minded respondents recommend that quotas be set below national water requirements to encourage water users to save water and thereby serve to lessen or remove the current deficit.  Users with strong views on the need to frame water policy to support the socio-economic fabric of communities had a different view. They favored allocation of sufficient water for average requirements and for emergency needs.

Another question of contention concerned the appropriate action to be taken against users who violated their quota.  Professionals and municipal users who wished to see the quota system vigorously enforced suggested initially warning violators but then bringing repeat offenders to court.  Respondents from the agricultural sector are most likely to exceed their quotas when irrigating thirsty crops. They rejected the idea of bringing the violators to court and suggested instead that repeat warnings be issued.  This solution only favored the agriculture users in their own self-interest.  It is clear, that any steps for dealing with violators will have to be agreed by all users in order to make water quotas enforceable in Oman.
[bookmark: _Toc165701355][bookmark: _Toc165701542][bookmark: _Toc165703316][bookmark: _Toc165731893]Implementation of Water Savers and Modern Irrigation Systems
Water saving devices are used to conserve water in houses, hotels and many factories.  Modern irrigation systems are used for the same purpose in agriculture.  At present, neither of these technologies is widely used in Oman.  The majority of stakeholders supported the proposal that water conservation using water savers and modern irrigation methods could contribute significantly to WDM in the future.

Stakeholders from the three groups identified a range of practical and administrative reasons that explain why the update of water savers and modern irrigation systems has been so poor to date.  These include:
1. Lack of recognition by many municipal and agricultural users that there is a need to conserve water because they believe that there is sufficient water available.
2. Failure of those water users that do understand the existence of a water deficit to recognize the capacity of these technologies to conserve water.
3. Absence of the necessary legislation to promote the adoption of water savers and modern irrigation systems.
4. The expense of buying the water saving devices and modern irrigation equipment.
5. Difficulties with integrating modern irrigation systems to water supplies from Aflaj.

Three messages emerged as a result of the survey.  First, informed water users and professionals in all sectors accepted the facts that a major contribution could be made to WDM through water conservation and that wide uptake of water saving devices and modern irrigation systems could be highly effective in achieving this.  Secondly, stakeholders agreed that considerable resources and energy will have to be invested in promotional campaigns that encourage the public to install water savers in their homes and factories.  Thirdly, agricultural water users recognized that farmers will need to be convinced of the benefits of modern irrigation systems and will need to be confident that the systems can be maintained without difficulty before they replace traditional methods with modern irrigation systems.

Based on the findings, the acceptance of water saving devices and modern irrigation systems to conserve water isn’t contested in Oman.  The major challenge remains in convincing the public and farmers that they should invest in the new technologies.

[bookmark: _Toc165701356][bookmark: _Toc165701543][bookmark: _Toc165703317][bookmark: _Toc165731894]Changing Cropping Patterns
Cropping patterns in Oman have always changed in response to market trends.  Recently, new crops have been introduced that require heavy irrigation.  The spread of indigenous crops like alfalfa and newly introduced Rhodes grass are partially responsible for increased consumption in the agricultural sector.  On-farm water usage due to ornamental trees planted around homes to provide shade on large farms is also responsible for increased water consumption.  The old-fashioned, inefficient irrigation practices and the actions of expatriate farmers unskilled in water consumption remain the main reasons for the profligate use of water rather than the particular type of plant that is cultivated.  Agricultural users were split with some criticizing the introduction of new crops while others rejected this assumption, blaming the water crisis on ornamental trees and hobby farms/gardens surrounding these homes.

The present unregulated and entirely market-driven system of decision-making with respect to crop selection is incompatible with the implementation for an approach that is both socially equitable and sustainable to WDM.  Stakeholder measures to improve management of cropping patterns for a coherent policy in Oman cannot begin until a study to support conservation has been developed.  For example, changing the cropping pattern to crops that can be cultivated during winter, when evaporation rates are relatively low but that also generate a good return on investment would help to restore the water deficit situation while still boosting farmer’s incomes.  Prior to the implementation of new crops and trees, pilot farms studying the productivity and tolerance to drought and salinity should be established.  This would measure the irrigation requirements and gauge the market for new products.
[bookmark: _Toc165701357][bookmark: _Toc165701544][bookmark: _Toc165703318][bookmark: _Toc165731895]Reuse of Treated Water
The findings from this master’s project reveal that the treatment of wastewater in Oman is at a very primitive stage, while water reuse is currently in its infancy.  Grey water treatment could deliver the largest potential for water savings that might be gained from reuse of residential wastewater.  

Water users surveyed through the questionnaires raised many concerns regarding the reuse of treated wastewater in Oman.  The most serious concerns voiced by municipal water users regarding reuse of treated water center on fears about the health risks.
[bookmark: _Toc165701358][bookmark: _Toc165701545][bookmark: _Toc165703319][bookmark: _Toc165731896]Water Tariff	
At present, a water tariff is applicable to municipal water supplied by the water municipality, while water from private sources is free for both municipal and agricultural use, except for the running costs of wells and pumps.  The majority of water professionals feel that existing water tariffs are too expensive especially without a similar value being created for private water users. In addition, water professionals felt that this encourages over use.  Water professionals identified two core difficulties.  First, a very high number of wells would make it expensive and time consuming to install meters and implement a charging system.  Second, farmers (who consume very large quantities compared to domestic users) would not be able to afford the tariff (if compared to what is currently charged for domestic users) and would go out of business, with unacceptable socio-economic consequences locally, regionally and perhaps nationally.  The only way a tariff could be implemented practically would be through a phased program.  Other ideas for phased implementation might involve the collection of water tariffs from commercial farms, farms that recruit expatriate farmers or from farms that refuse to conserve water by adopting modern irrigation systems.

[bookmark: _Toc165701359][bookmark: _Toc165701546][bookmark: _Toc165703320][bookmark: _Toc165731897]Legislative Reform
Legislation governs relationships between water users and water authorities.  Stakeholders recognize that major reform of water legislation is essential and many ideas for innovative laws enabling and encouraging water demand management are being evaluated.  Both agricultural and municipal water users propose a change in legislation related to drilling of new or replacement wells to reduce its current lack of flexibility.  Municipal water users wish to see change because people who do not have a public water supply and who depend on water tankers for their domestic consumption are frustrated and annoyed at being prevented by law from drilling new wells inside their own homes.  The authorities should make every effort to expand and accelerate the availability of public water supply to people who currently have to rely on water from tankers.  Proposals for new legislation include:
1. New legislation to promote water conservation on farms, through requiring quotas for large farms, eliminating quotas for non-productive farms and compelling farmers to install modern irrigation systems in their farms.  In making this recommendation, water professionals and municipal water users recognize that the agricultural sector represents the largest water consumer and that it is there that the potential for water saving is greatest.  
2. Legislation to create law to ensure social justice is respected in the formulation and implementation of water demand management measures and policies.  
3. Farm owners who employ expatriate farmers should be required by law to train them in water conservation.  Concerns amongst water professionals exist regarding the lack of awareness amongst expatriate farmers of both the need to conserve water and the mechanisms to reduce agricultural consumption.
4. Require stepped tariffs based on usage, especially for water from private wells.  Unfortunately, it would be difficult for water authorities to introduce stepped water tariffs for a variety of reasons.  Not only would the science base for scaling the tariffs be open to challenge, but also the majority of water users who participated in this study have clearly indicated their determination to resist any move towards charging well owners for the water they abstract.

In summary, it is clear that appropriate legislative reform is absolutely essential to successful implementation of water demand management in Oman.
[bookmark: _Toc165701360][bookmark: _Toc165701547][bookmark: _Toc165703321][bookmark: _Toc165731898]Education, Training, and Demonstration
It is clear that training water users in the techniques, measures and policies of water demand management is required.  Training for expatriate farmers is perhaps the most obvious need, but improving the education and awareness of water issues of Omani nationals is also very important to achieving successful water demand management.  Educating future generations about WDM techniques and policies in school is also vital.  The purpose of this education is to raise a generation who have a better appreciation of water scarcity and the importance of water conservation.  There needs to be preparation for practical and vocational training in using and maintaining water savers, modern irrigation and separation of grey water from the sewage systems.  Water and agricultural authorities have to cooperate together in order to prepare these education and training programs.
[bookmark: _Toc165701361][bookmark: _Toc165701548][bookmark: _Toc165703322][bookmark: _Toc165731899]Land Planning and Management
An organized and water conservation-oriented strategy for land planning management would be helpful in reducing the demands placed on the sultanate’s water resources.  For example, water professionals note that allowing land owners to develop their less productive farmland for new housing or industry could lead to significant reductions in water consumption.  
[bookmark: _Toc165701362][bookmark: _Toc165701549][bookmark: _Toc165703323][bookmark: _Toc165731900]Aflaj Management
Interviews with water professionals and irrigation water users revealed many problems and challenges facing the managers and users of water supplied by aflaj at the present time and it is clear that changes will be required in the way aflaj water is used.  Suggestions were forthcoming from both water professionals and irrigation water users on how aflaj income could be increased.  The most obvious way to boost income would be to allow the sale of aflaj water to municipal water users at rates in line with the current tariff on water obtained from available supplies.  A more acceptable approach would be to increase income through improving the productivity and profitability of the farms associated with the aflaj.  This ties in to proposals to encourage changes in crops and cropping patterns through, for example, introducing new cash crops or taking unproductive land out of cultivation.  A potentially significant extension of this proposal would be to allow the owners of aflaj supplied farms to get commercial lands from the government registered under aflaj names to develop those lands for residential and commercial use.
[bookmark: _Toc165701363][bookmark: _Toc165701550][bookmark: _Toc165703324][bookmark: _Toc165731901]Expatriate Farmers
The studies performed in this project reveal that practically all the agricultural water users surveyed employ one or more expatriate farm worker.  The majority of agricultural water users surveyed claimed that all their expatriate farmers had past experience in water conservation, but the expatriate farmers themselves contradict this.  While three out of ten expatriate farmers interviewed were experienced farmers with prior knowledge on water conservation, the majority had no previous experience in water conservation or farming in general.  There was however, consensus between land owners and workers that training in water conservation was provided in Oman, mainly with regard to using modern irrigation technology, reducing water loss from irrigation channels and timing irrigation using water shares from aflaj.    These findings do not entirely support the popular conception of water specialists and irrigation water users that expatriate farmers contribute to the water deficit because of their poor water management and irrigation practices.  Stakeholders do wish to see the recruitment process modified and developed to place greater emphasis on training, supervision, and engagement between the farm workers and the landowners who employ them.  Specific measures that might be introduced include:
1. Limit eligibility of individuals allowed to immigrate to Oman to work on farms to experienced farmers with skills in on-farm water conservation measures;
2. Mount awareness programs for both farm owners and expatriate farmers on the water balance situation in their area;
3. Give formal training at a government institution to educate expatriate and Omani farmers and farm workers concerning on-farm water management and conservation in Oman;
4. Implement a policy of water quotas setting and metering for all farms;
5. Introduce strictly enforced water conservation policies applicable to farms recruiting expatriate workers.

[bookmark: _Toc165701364][bookmark: _Toc165701551][bookmark: _Toc165703325][bookmark: _Toc165731902]STEPS TOWARD IMPLEMENTING A WDM STRATEGY IN OMAN
This section outlines a strategy that would cater to the social, cultural and religious aspects of Oman.  It also takes into consideration interactions between the four major players in water demand management. 
[bookmark: _Toc165701365][bookmark: _Toc165701552][bookmark: _Toc165703326][bookmark: _Toc165731903]Framing a Water Quota Policy
Introducing a policy of setting quotas for all water users is bound to be highly contentious and is likely to be resisted by some users even if stakeholders participating in decision making and the great majority of the wider public accept its necessity.  New legislation will have to be used to establish the quota policy as part of legislative reforms governing water demand management.
[bookmark: _Toc165701366][bookmark: _Toc165701553][bookmark: _Toc165703327][bookmark: _Toc165731904]Water Supply and Sewerage Infrastructure
The situation in most of Oman with respect to municipal water supply and wastewater treatment is primitive.  In fact, there are many even more pressing reasons to upgrade and extend municipal water infrastructure.  In an arid landscape such as Oman’s, it is impossible to separate the drive for efficient and effective water demand management from that for water security; the two are not mutually exclusive.
[bookmark: _Toc165701367][bookmark: _Toc165701554][bookmark: _Toc165703328][bookmark: _Toc165731905]Establishment of Pilot Farms
Education and training alone will not convince agriculture users that water demand management can deliver reductions in consumption without impacting their freedoms and incomes in unacceptable ways.  To bypass this issue, the creation of pilot farms would need to be instituted.  The aim of the farms is to demonstrate the advantages of adopting water conservation practices and modern irrigation technologies to convince farmers that water demand management policies and components have the potential to enhance the total productivity and profitability of a farm.

Two pilot farms are needed for success.  One would be created in the coastal area, representing the farms that depend on wells from ground aquifers for their water supply.  The second represent the aflaj community, where aflaj are the primary source of water for farms.  Water demand management components related to agricultural activities such as metering of water abstraction, implementation of water quotas, modern irrigation technologies, changing cropping patterns, and reusing treated wastewater for irrigation would be implemented with the productivity and profitability of the farms being measured compared with nearby farms without regard to water conservation.
[bookmark: _Toc165701368][bookmark: _Toc165701555][bookmark: _Toc165703329][bookmark: _Toc165731906]
CONCLUSION

This master’s project has revealed that the majority of stakeholders in Oman recognize the serious and unsustainable state of the sultanate’s water resources and accept that water demand management can contribute significantly to removing the current water deficit and allowing continued socio-economic development in Oman.  Stakeholders broadly support the policies and components of demand management with the notable exception of those related to charging for water usage.  The process must be adaptive with concerns raised by all players being considered and changes instituted in a phased process.  

For water demand management to be both acceptable and effective as a conservation tool, there must be an equitable method by which water allocation for each user is calculated and that the quota system must apply to all users in every sector.  

Water quotas will have to be issued through abstraction permits and cannot be monitored without the implementation of water meters to measure the amount of water extracted from ground aquifers.  The issue of metering private wells is very a delicate and sensitive issue to Omani’s and can threaten the harmony and implementation of water demand management in the sultanate unless handled in harmony with attention to social, cultural and religious contexts.  

Adopting crops that are resistant to high salinity and drought conditions that make current unproductive farms more profitable could unlock the potential for renewed investment away from antiquated irrigation technologies like flooding fields.  

Further research should concentrate on conservation measures, water quotas, metering and abstraction permits, and changing land-use.  These are the core issues that Oman will need to explore since they are all interlinked with one another.  
[bookmark: _Toc165701369][bookmark: _Toc165701556][bookmark: _Toc165703330][bookmark: _Toc165731907]
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Appendix 1a.  Questionnaire for water professionals
Q1 – From your information, is water ownership linked with land ownership?
Yes	 No

Q2 – Can a well owner sell his/her well independently without the land?
Yes	 No

Q3 – Can a well owner sell part of water, which can be abstracted from his private well?
Yes	 No

Q4 – If water users were allowed to sell or rent their water sources, what would you suggest they do with the land?
Kept it for the future
Sell it
Rezone the site to residential or commercial

Q5 – What are the major technical problems that are facing falaj at the present time?
The deficiency in water flow during the drought season
The collapse of underground channels
The drilling of new wells above the recharge area

Q6 – Modern irrigation techniques and water savers are not used widely by different irrigation water users, what are the reasons from your opinion?
Because they are expensive and water users cannot afford them
Water users do not know how to use and maintain them
Water is available and there is no need to use them
Because of the absence of legislation enforcement

Q7 – There are thousands of expatriate farmers in the country, are there conditions and specification that must be met to get expatriate farmers?
Yes	 No

Q8 – What are the reasons behind allowing farm owners to get expatriate farmers?

Q9 – Are there awareness and training programs dedicated for expatriate farmers?
 Yes	 No

Q10 – Do you think that expatriate farmers have contributed in water deficit problem?
Yes	 No

Q11 – What are the sectors that pay water tariffs?
Residential Sector
Commercial Sector
Industrial Sector
Agricultural Sector

Q12 – Are water tariffs, which are applied now:
Expensive	Standard	Cheap

Q13 – Implementing water quota requires the installation of meters for every well, do you think there is a need to do so?
Yes	 No

Q14 – Do you think there is a need to give treatment of used water a top priority?
Yes 	No

Q15 – Has the water authority consulted water users or engaged them in water management issues?
Yes	 No

Q16 – Do you think that water users should be involved in water management issues?
Yes	 No

Q17 – If the answer is yes, explain how?
Forming of committees in which stakeholders are represented
Forming water users associations
Having regular meetings in regional offices
Other, specify

Q18 – Are existing water regulations:
Fair and in no need of reform
Unfair because they are tough
Lean (loose) because they do not take tough action against water abusers

To what extent would you agree with the following statements:
	Statement
	Opinion

	
	Strongly Agree
	Agree
	Disagree
	Strongly Disagree

	1 – The amount of water abstracted from wells must be limited according to the catchment’s water situation.
	
	
	
	

	2 – Water authorities should enforce the installation of water savers in houses and factories to reduce water consumption.
	
	
	
	

	3 – Water authorities should enforce the installation of modern irrigation techniques.
	
	
	
	

	4 – Irrigators should only be allowed to extract water if they can prove that they are going to use it in an efficient manner.
	
	
	
	

	5 – Water authorities should enforce the changing of cropping patterns to that which do not consume a lot of water.
	
	
	
	

	6 – Water authorities should train, demonstrate and educate water users in using different types of water savers before enforcing them to do so.
	
	
	
	

	7 – The authorities should involve water users in water management issues.
	
	
	
	

	8 – Government should ban employing expatriate farmers.
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Appendix 1b. Questionnaire for agricultural water users
Q1 – What is your irrigation source?
Falaj
Well
Falaj and Well
Tanker

(Questions 2 – 3 are for falaj users)
Q2 – Is falaj water ownership linked with farm or land ownership?
Yes	 No

Q3 – What are the major technical problems facing aflaj at the present time?
The deficiency in water flow during drought season
The collapse of underground channels
The drilling of new wells above the recharge area

Q4 – If your water source is a well, is well ownership linked with land ownership?
Yes	 No

Q5 – What type of irrigation do you have on your farm?
Traditional flooding irrigation system
Modern irrigation system

Q6 – If it is the traditional flooding irrigation, why have you not yet changed to modern irrigation?
Modern irrigation systems are expensive
Modern irrigation systems are complicated and needs maintenance
I do not need to change to modern irrigation systems because I have a lot of water

Q7 – How many expatriate farmers do you have on your farm?
None	 1-2	3-4	5+

Q8 – Why have you got these farmers?
I am busy with work other than agriculture
They are cheaper than local farmers
They have experience in agriculture

Q9 – Do those expatriate farmers have experience or knowledge in water conservation?
Yes	 No

Q10 – If the answer is no, have you trained them on how to conserve water?
Yes	 No

Q11 – There are thousands of expatriate farmers in the country, do you think they have contributed to water deficit problems?
Yes	 No
Q12 – Are you aware of the situation regarding water in your region?
Yes	 No

Q13 – Implementing water quotas require the installation of meters for every well, do you think there is a need to do so?
Yes	 No

Q14 – If treated water were available for use, would you purchase treated water to irrigate your farm in order to reduce the over-reliance on groundwater?
Yes	 No

Q15 – Do you think water users should be involved in water management issues?
Yes	 No

Q16 – If the answer is yes, explain how?
Forming of committees in which stakeholders are represented
Forming water users associations
Having regular meetings in regional offices
Other, specify

Q19 – Are existing water regulations:
Fair and in no need of reform
Unfair because they are tough
Lean (loose) because they do not take tough action against water abusers

To what extent would you agree with the following statements:
	Statement
	Opinion

	
	Strongly Agree
	Agree
	Disagree
	Strongly Disagree

	1 – The amount of water abstracted from wells must be limited according to the catchment’s water situation.
	
	
	
	

	2 – Water authorities should enforce the installation of water savers in houses and factories to reduce water consumption.
	
	
	
	

	3 – Water authorities should enforce the installation of modern irrigation techniques.
	
	
	
	

	4 – Irrigators should only be allowed to extract water if they can prove that they are going to use it in an efficient manner.
	
	
	
	

	5 – Water authorities should enforce the changing of cropping patterns to that which do not consume a lot of water.
	
	
	
	

	6 – Water authorities should train, demonstrate and educate water users in using different types of water savers before enforcing them to do so.
	
	
	
	

	7 – The authorities should involve water users in water management issues.
	
	
	
	

	8 – Government should ban employing expatriate farmers.
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[bookmark: _Toc165731910]Appendix 1c. Questionnaire for municipal (domestic, commercial and industrial) water users
Q1 – Please indicate your type of consumption
Domestic
Commercial 
Industrial

Q2 – What is your source of water?
Falaj
Well
Tanker
Private Source
Public Source

Q3 – Do you own the water source?
Yes	No

Q4 – If you own a private well, can you sell or rent the well independently without the property?
Yes	No

Q5 – If you do not have a private source and you pay for your water consumption, in this case, is water tariff:
Expensive	Standard	Cheap

Q6 – What are the means of disposal of your used water?
Septic tanks
Sewage system
Tankers

Q7 – Are you aware of the situation regarding water in your region?
Yes	No

Q8 – Do you have a water meter to measure your water consumption?
Yes	No

Q9 – Implementing water quota requires the installation of meters for every well, do you think there is a need to do so
Yes	No

Q10 – Has the water authority consulted water users or engaged them in water management issues?
Yes	 No

Q11 – Do you think that water users should be involved in water management issues?
Yes	 No

Q12 – If the answer is yes, explain how?
Forming of committees in which stakeholders are represented
Forming water users associations
Having regular meetings in regional offices
Other, specify

Q13 – Are existing water regulations:
Fair and in no need of reform
Unfair because they are tough
Lean (loose) because they do not take tough action against water abusers

To what extent would you agree with the following statements:
	Statement
	Opinion

	
	Strongly Agree
	Agree
	Disagree
	Strongly Disagree

	1 – The amount of water abstracted from wells must be limited according to the catchment’s water situation.
	
	
	
	

	2 – Water authorities should enforce the installation of water savers in houses and factories to reduce water consumption.
	
	
	
	

	3 – Water authorities should enforce the installation of modern irrigation techniques.
	
	
	
	

	4 – Irrigators should only be allowed to extract water if they can prove that they are going to use it in an efficient manner.
	
	
	
	

	5 – Water authorities should enforce the changing of cropping patterns to that which do not consume a lot of water.
	
	
	
	

	6 – Water authorities should train, demonstrate and educate water users in using different types of water savers before enforcing them to do so.
	
	
	
	

	7 – The authorities should involve water users in water management issues.
	
	
	
	

	8 – Government should ban employing expatriate farmers.
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Appendix 2a. Semi structured interview for water professionals
Questions below relate to water quota and metering:

Q1 – Do you have an idea about what a water quota is?

Q2 – Do you think water quotas must be applied to all wells (municipal and agricultural)?

Q3 – Do you think metering is the best means to monitor the implementation of a water quota?

Q4 – From your opinion, who should implement a water quota?

Q5 – If a water quota is implemented and water users violate by exceeding his/her water quota, what is the proper action that should be taken against him/her?

Questions below relate to water savers, modern irrigation devices, changing cropping patterns and expatriate farmers:

Q7 – From your opinion, why are water savers and modern irrigation not widely used?

Q8 – If it is not because it is expensive, how can this problem be solved?

Q9 – If the problem is not knowing how to handle modern irrigation techniques, how can this problem be solved?

Q10 – There are some highly water consumptive crops that need to be changed with other low consumptive crops, from your opinion, what are those crops that need to be changed?

Q11 – If the water authority came to you and asked you to change some of your crops to another crop, would you agree?

Q12 – There are thousands of expatriate farmers in Oman, from your opinion, why are they here?

Questions below relate to legislation and public participation:

Q13 – Do you think legislation reform must be done to meet the need of WDM requirements?

Q14 – Some water users complain against not implementing of legislation in equal and just ways, how would you resolve this?
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Appendix 2b. Semi structured interview for agricultural water users
Questions below relate to water quota and metering:

Q1 – Do you have an idea about what a water quota is?

Q2 – Do you think water quotas must be applied to all wells (municipal and agricultural)?

Q3 – Do you think metering is the best means to monitor the implementation of a water quota?

Q4 – From your opinion, who should implement a water quota?

Q5 – If a water quota is implemented and water users violate by exceeding his/her water quota, what is the proper action that should be taken against him/her?

Questions below relate to water savers, modern irrigation devices, changing cropping patterns and expatriate farmers:

Q7 – From your opinion, why are water savers and modern irrigation not widely used?

Q8 – If it is not because it is expensive, how can this problem be solved?

Q9 – If the problem is not knowing how to handle modern irrigation techniques, how can this problem be solved?

Q10 – There are some highly water consumptive crops that need to be changed with other low consumptive crops, from your opinion, what are those crops that need to be changed?

Q11 – If the water authority came to you and asked you to change some of your crops to another crop, would you agree?

Q12 – There are thousands of expatriate farmers in Oman, from your opinion, why are they here?

Questions below relate to legislation and public participation:

Q13 – Do you think legislation reform must be done to meet the need of WDM requirements?

Q14 – Some water users complain against not implementing of legislation in equal and just ways, how would you resolve this?
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Appendix 2c. Semi structured interview for municipal water users
Questions below relate to water quota and metering:

Q1 – Do you have an idea about what a water quota is?

Q2 – Do you think water quotas must be applied to all wells (municipal and agricultural)?

Q3 – Do you think metering is the best means to monitor the implementation of a water quota?

Q4 – From your opinion, who should implement a water quota?

Q5 – If a water quota is implemented and water users violate by exceeding his/her water quota, what is the proper action that should be taken against him/her?

Questions below relate to water savers, modern irrigation devices, changing cropping patterns and expatriate farmers:

Q7 – From your opinion, why are water savers and modern irrigation not widely used?

Q8 – If it is not because it is expensive, how can this problem be solved?

Q9 – If the problem is not knowing how to handle modern irrigation techniques, how can this problem be solved?

Q10 – There are some highly water consumptive crops that need to be changed with other low consumptive crops, from your opinion, what are those crops that need to be changed?

Q11 – If the water authority came to you and asked you to change some of your crops to another crop, would you agree?

Q12 – There are thousands of expatriate farmers in Oman, from your opinion, why are they here?

Questions below relate to legislation and public participation:

Q13 – Do you think legislation reform must be done to meet the need of WDM requirements?

Q14 – Some water users complain against not implementing of legislation in equal and just ways, how would you resolve this?
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Appendix 2d. Semi structured interview for expatriate farmers
Q1 – Age
-20	21-30	31-40	41-50	51+

Q2 – Where do you come from?

Q3 – What is the name of the region you came from?

Q4 – What type of climate is predominant in your region?
Wet climate
Dry climate
Other

Q5 – What was your occupation before coming to Oman?

Q6 – What is your educational level?
Illiterate
Primary School
Secondary School
University degree
Other

Q7 – Have you received any experience in irrigation?
Yes	No

Q8 – Have you received any experience in water conservation before coming to Oman?
Yes	No

Q9 – Since you have joined this farm, have you received any training related to water conservation?
Yes	No

Q10 – How do you manage water during periods when less water is available?

